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ON-STATION AND ON-FARM PERFORMANCE EVALUATION OF 

AWASSI X MENZ CROSSBRED SHEEP IN THE CENTRAL HIGHLANDS 

OF ETHIOPIA 
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Major Advisor: Dereje Tadesse; PhD in Tropical Animal Prod., Haramaya University, Ethiopia 

Co-Advisor: Mekete Bekele; PhD in Animal Production, Addis Ababa University, Ethiopia 

 

ABSTRACT 

 
The study was conducted on-station at Debre Berhan sheep multiplication and breed 

improvement center (DSMBIC) and on-farm in selected Kebeles of Bassona Worana district 

North Shewa Zone central highlands of Ethiopia, with the objectives to evaluate the performance 

of Awassi x Menz crossbred sheep and to assess management systems of smallholder farmers. 

For the on-farm study, a total of 104 households (HHs) (98 male and 6 females) were selected 

and interviewed, and 491 Awassi X Menz crossbred sheep (322 females and 169 males) were 

used for live body weight and  linear body measurements. For the on-station study, 5,250 birth 

weight (BWT), 3,993 weaning weight (WWT), 1,216 six month weight (SMWT), 3,990 pre-

weaning daily weight gain (PRWDG) and 1,216 post-weaning daily weight gain (POWDG) data 

were recorded and analayzed  for different blood levels (BLs) of Awassi x Menz crosbred sheep 

born between 2013 and 2019. Average BWT, WWT, SMWT, PRWDG, and POWDG of crossbred 

sheep under on satation managment were  4.00±0.01, 16.32±0.06, 25.18±0.1, 97.58±0.48 and  

114.05±1.69 gram per day, respectively and were significantly affected by genotype, sex, birth 

type and season of birth. The overall average body weight recorded under on-farm condition 

was about 27.76±0.47kg ranging from 15.72 to 33.41kg for 0PPI and 2PPI  respectively. From 

the regression analysis between BW and BLG, the following equations were developed: BW= -

20.99 + 0.92 (BLG) for male and BW= -14.11 + 0.76 (BLG) for female sheep. On the other 

hand, the overall average  age at first lambing (AFL), lambing interval (LI), litter size (LS) of 

crossbred sheep in the station were 696.60 days, 306.39 days and 1.11±0.004 respectively. The 

corresponding values under on-farm conditions were 531.82±7.833 days, 309.96±4.73 days and 
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1.14. Crossbred sheep with higher BLs were better in their productive and reproductive 

performances compared with that of lower BLs. Regarding the management systems of crossbred 

sheep by smallholder farmers, the study shows that feeding, breeding, housing, and disease 

control systems in the areas were unimproved ones. Abortion and mortality rates and signs of 

inbreeding were reported by the HHs. Because of their faster growth, crossbred rams were 

frequently sold by the HHs which could lead to the retention of sheep with poor performance in 

the flock. On average, there were about 4.7 crossbred sheep per HHs in the study area. Despite 

all these problems, HHs believed that productive and reproductive performances of sheep were 

improved after the introduction of improved breeding rams in the area. Hence, it is important to 

continue the program but with better awareness creation and enforcement mechanisms to use the 

breeding rams properly without using them for other purposes. It is also crucial to support the 

HHs with improved sheep management technologies to maximize benefits to be gained from 

improvement programs. DSMBIC should, in particular, consider increasing and replacing the 

existing number of sheep population to minimize reproduction wastage, and should practice 

selective cross breeding program to exploit a wide within breed variability.  

Key words: Body measurements, Genotype, Inbreeding, Introduction, Smallholder farmers   

 

  

 

 



1 
 

1 INTRODUCTION  

 

Sheep production is one of the major components of the livestock sector in Ethiopia. Sheep, 

which are adapted to a wide range of agro-ecological zones (AEZ) ranging from the cool alpine 

climate to the hot arid and semi-arid pastoral areas of Ethiopia (Tadele Mirkena, 2010) are the 

second most important livestock species next to cattle (Solomon Gizaw et al., 2007). Ethiopia 

having 31.30 million sheep population comprising of 71.82 % female and 28.18 % male, 99.81 

% are local breeds (28.09% male and 71.72% female) and 0.12% are crossbreds (0.08% male 

and 0.04% female sheep)  (CSA, 2018). Ethiopia is not only rich in sheep population, but also 

rich in their genetic variability (having about fortheen different local breeds: black head Somali, 

Afar, Horro, Arsi, Adilo, Bonga, Gumz, Washera, Menz, Wollo, Tikur, Sekota, Semien and Ferta 

sheep) developed through natural selection, and crossbred from Awassi and dorper which 

elucidates the huge potential for genetic improvement (Solomon Gizaw, 2008).   

In Ethiopia first introduction of exotic sheep was launched in 1944 when the Merino breed was 

introduced from Italy (BOA, 2000). From the year 1969 to 1974, a total of 99 crossbred ewe 

lambs and ram lambs were distributed to farmers. The breeds were performed well in growth 

performance under station and farmer situation except Romney breed (DBHBMC, 2007); 

however, they were not preferred by farmers due to their physical characteristics (face covered 

with hair, absence of horn in males and thin tail), fatty nature of wool making it difficult to spin 

wool in the traditional way, and the suspected poor skin quality.   

Local sheep breeds have great potential of contributing more to the livelihoods of the people in 

low-input, small-holder crop-livestock, and pastoral production systems (Kosgey and Okeyo, 

2007). They are used as a live bank against the various environmental problems and also have 

socio-cultural values for diverse traditional communities of Ethiopia (Zewdu Edea et al., 2010). 

They have different functions, like provisions of meat as food, manure, and generate income 

(Shigdaf Mekuriaw et al., 2013). Besides, they have distinct features, such as their being small in 

body size this shows low initial investment is required in starting and expanding sheep 

production as a business, able to utilize poor feed and a small plot of land, have been the high 

rate of fertility, have short generation interval, adaptation to harsh condition and able to produce 

and reproduce in poor and limited feed availability (Berhanu Gebremedhin et al., 2006).  
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 Despite the enormous population, in Ethiopia, the role of sheep for smallholder farmers in 

specific and to the national economy at broad is below imagination mainly attributed to their low 

productive and reproductive performances, especially in smallholder production systems. 

Ethiopian sheep production is based on local breeds except for less than 1% of crossbred sheep 

majorly from Awassi and Dorper exotic breeds; however, local sheep breeds have the poor 

genetic potential for productive and reproductive traits as compared to the improved one 

(Mengestie Taye et al., 2009). Increasing the performance of sheep is important to deliver meat, 

wool, and other sheep products to the ever-increasing human population, to increase export 

earnings and household income thereby upgrading the living standard of smallholder farmers. 

Most of the time, the efforts so far made by the government and non-governmental organizations 

(NGOs) in the area of sheep improvements are limited to crossbreeding of local sheep with 

exotic ones by distribution/dissemination of crossbred rams to the smallholder farmers. This 

method was rarely successful; because it does not account for the smallholder farmer's breeding 

objectives and the management systems into consideration (Aynalem Haile et al., 2020). For the 

better achievement of the community sheep breeding program (CBSBP) which takes into 

consideration of the need, knowledge, and aspiration of all smallholder farmers is suggested. 

Crossbreeding is considered as one of the options and it is a potentially attractive breed 

improvement method due to its quick benefits as the result of breed complementarity and 

heterosis effects (Hayes et al., 2009). Sheep importations to Ethiopia for crossbreeding with the 

aim to improve growth and wool of indigenous sheep. According to Sisay Lemma et al. (2012) 

Crossbreeding of local sheep with the exotic breed especifically awassi genotype is the adopted 

strategy for increased meat and coarse wool production in the central highlands of Ethiopia. 

On-farm assessment of crossbreeding of Awassi with local sheep was started at the time of 1997 

by Debre Berhan Agriculture Research Center (DBARC) to evaluate its performances under the 

traditional management system (Tesfaye Getachew et al., 2015). Different on-station and on-

farm productive and reproductive performance evaluation studies have been conducted in the 

center. On-farm performance assessment concerned with the whole farm environment gives 

information in location-specific production conditions that could lead to breed improvement 

options that are important to the system (Getahun Legesse, 2008).   
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Awassi sheep breed has been widely used for improving meat and flcee yield of local sheep 

through crossbreeding in the highland parts of Ethiopia for several consecutive years. There are 

many sheep multiplication centers in Ethiopia from those DSMBIC and Amed Guya Sheep 

Multiplication and Breed Improvement Center (AGSMBIC) which have been multiplying and 

then distributing/disseminating of Awassi x Menz crossbred breeding rams with different BLs to 

the small holder farmers found in North Shewa and Wollo zones. But the major bottleneck 

problems in this station are the lack of clear and documented evidence on the productive and 

reproductive performances and survival rates of the crossbreeds and their progenies at their 

existing environment. Documented information on reproductive traits; age at first service (AFS), 

age at first lambing (AFL), lambing interval (LI), lamb mortality (LM), litter size (LS), annual 

reproductive rate (ARR) and reproductive life span (RLS) and productive traits such as birth 

weight (BWT), weaning weight (WWT), pre-weaning daily gain (PRWDG), and post-weaning 

daily gain (POWDG) performances are important as an early indicator of adaptability and 

management adequacy of the farms (Solomon Abegaz et al., 2002 and Getahun Legesse, 2008). 

They are important to determine the rate of multiplication and dissemination of breeding rams to 

the smallholder farmers based on the status of distributed crossbred breeding rams. So, there is a 

need to analyze and document the on-station and on-farm performances of Awassi x Menz 

crossbred sheep to suggest appropriate breeding and management interventions. Therefore, this 

study was designed to address the following objective/s. 
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Objectives 

General Objective: 

The general objective of this study was to evaluate on-station and on-farm productive and 

reproductive  performances of Awassi x Menz crossbred sheep in the central highlands of 

Ethiopia.  

Specific Objectives: 

1. Assesment of on-farm growth and reproductive  performances and  management systems of 

Awassi x Menz crossbred sheep.  

2. To generate information on on-station fleece production performances of Awassi x Menz 

crossbred sheep.   

3. To generate informationon on  the reproductive and growth performances of Awassi x Menz 

crossbred sheep at the station.  
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2 LITERATURE REVIEW 

 

2.1 Distribution and Classification of Ethiopian Sheep Breeds 

 

In Ethiopia, different types of sheep breeds are distributed to a wide variety of AEZ, starting 

from lowland to highland parts. Some of them can adopt a long dry period of the year which has 

a fat tail, important for heat insulation and store energy like, the hump of camels and ox because 

much energy is lost due to heat. Some of them walk long distances have long legs in order to 

facilitate the movement of fresh air between the body of an animal and the ground (Fekerte 

Ferew, 2008).     

Solomon Gizaw et al. (2008a) reported about the distribution of Ethiopian sheep breeds into 

different AEZ of the country like; Horro sheep is found in highlands of western Ethiopia; Afar 

sheep in Afar region and parts of Dire Dawa and South Wollo with the Afar pastoralists; Tukur 

sheep found in highlands of northern Ethiopia; Menz sheep in highlands of North Shewa and 

some parts of South Wollo and Arsi-Bali sheep in highlands of Arsi-Bale, Hararge, Sidamo, 

South Shewa; blackhead Somali sheep in rangelands of eastern, South-eastern, southern and 

South-western part of Ethiopia; Gumuz sheep in North-western and western parts of the country 

shown in Figure 1. 

 

 Figure 1. Geographic distribution of different Ethiopian sheep breeds  
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From different African countries, Ethiopia has the most diversified traditional sheep populations. 

Around 3/4 of Ethiopian sheep found in the highland parts of the country and the remaining 1/4 

are found in the lowland parts and almost all types of sheep production in Ethiopia is majorly 

based on the keeping of local sheep breeds, except Awassi x Menz crossbreds, this contributes 

less than 1% of the population (Markos Tibbo, 2006). According to Solomon Gizaw (2008) 

report, Ethiopian sheep breeds are classified into four major groups based on their phenotypic 

characteristics: those are short fat-tailed, long fat-tailed, thin-tailed, and fat-rumped sheep and he 

also classified based on their DNA differences or genetic constituents, as presented in Table1. 

They are found in different AEZ of the country: sub-alpine, arid lowland, sub-humid lowland, 

and wet highlands.  

 Table 1. Major group, breed and sheep type of Ethiopian sheep.  

Major group   Breed Sheep types Tail type/shape Fiber type AABW 

Short-fat-

tailed 

Simien Simien Fatty and short Wool/fleece 26.9 

Short fat-

tailed 

Sekota,Farta, 

Tikur,Wollo,Menz 

Fatty and short Wool/fleece 25.4 

Long-fat-

tailed 

Washera Washera Fatty and short Short hair 32.8 

Horro Horro Fatty and long Short hair 31 

Arsi-Bale Arsi-Bale Fatty and long Short hair 35.4 

Bonga Bonga Fatty and long Short hair 28.6 

Fat-rumped 

sheep 

Afar Afar Fat rump with fat 

tail 

Short hair 34.2 

Thin-tailed 

sheep 

BHS BHS Fat/tiny tail Short hair 31.4 

Gumz Gumz Thin and long Short hair 27.9 

BHS = Black Head Somali and AABW= Average adult body weight for a given breed. 
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2.2 Sheep Production Systems in Ethiopia 

 

Sheep productions in Ethiopia are primarily based on the traditional system. According to 

ESGPIP (2008) sheep production systems are classified into three major (highland sheep-barley, 

mixed crop-livestock and pastoral and agro-pastoral production systems) and two minor (urban 

and peri-urban sheep production systems) using the criteria such as degree of integration with 

crop production, contribution to livelihood, level of input and intensity of production, location, 

growth rate and relation to land and type of sheep product to be produced.   

Highland sheep-barley production system is a system that prevails in the high altitude areas 

above 3000 meters above sea level. In these areas, sheep are the main source of income, meat, 

manure, skin, and coarse wool. The second one is the mixed crop-livestock production system 

which covers the areas within an altitude of 1500 and 3000 meters above sea level. In this 

production system, sheep are reared in a small flock and integrated with crop production. Within 

the mixed crop-livestock production system, small ruminant production systems are found 

associated with the different agricultural production systems. The third and fourth ones are 

pastoral and agro-pastoral production systems which are located in the arid and semi-arid 

lowland areas below 1500 meters above sea level. In this area, livestock rearing is the mainstay 

of people (Markos Tibbo, 2006). Urban and peri-urban sheep production systems are also in 

existence in and around urban.  

2.3 Socio-economic Importance of Sheep in Ethiopia 

 

Agriculture accounts for 46.3% of the nation's gross domestic product, 83.9% of exports, and 

80% of the labor force.  Revenue gained from livesheep export in millions dollar increased from 

(5.73) 2007/8 to (20.12) 2018/19 (Gezahagn Dugassa, 2019). Sheep is one of the economically 

important livestock species for smallholder farmers in Ethiopia. They provide for the producers 

with a vast range of products and services like; meat, milk (in pastoral area), skin, hair, horns, 

and manure for cash, security, gifts, religious rituals, etc. Sheep is well-known livestock species 

produced parallel to crop production where crops and livestock feed each other and reduce the 

risk of smallholder farmers could face by focusing mainly on crop or livestock production. Osei 

(2012) reported that benefits to be gained from the integration of crop-livestock include organic 
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fertilizer from sheep manure and this contributes to consistent agricultural development for 

smallholder production conditions. 

In marginal/degraded land, crop production is not as such reliable; hence livestock rearing is 

often the only livelihood option available in these areas (FAO, 2010). The potential of sheep in 

these areas as a source of cash income is not effectively utilized due to different reasons like feed 

shortage, which prolongs the time to attain marketable weight and poor body condition at 

marketing age also (Kassa Teferra et al., 2011). As a result, the country is not able to succeed in 

the expected amount of benefit from sheep production due to various reasons.   

2.4 Introduction of Exotic Sheep into Ethiopia and Crossbreeding Practice 

 

The first time of introduction of exotic sheep breeds into Ethiopia was in 1944 at the time when 

Merino sheep were introduced from Italy with the help of American aid organizations and were 

kept at the Entoto sheep breeding station (DBSMBIC, 2007). Romney, Corriedale, Hampshire, 

and Rambouillet sheep introduced  from Kenya in 1967 and kept at DBSMBIC  targeted to cross 

them with local sheep breeds aiming to supply wool for the Debre Berhan blanket factory 

established in 1967 (Tesfaye Getachew et al, 2016). This and other farms were established for 

crossbreeding of local sheep breeds with exotic ones to upgrade genetic constituents of the 

surrounding highlands local sheep breeds in their respective areas (Tesfaye Getachew, 2015). 

In 1980 Awassi sheep was introduced from Israel and kept at DBSBMC and AGSMBIC, the 

later was established since 1998. Awassi breed is developed for meat, milk, and wool production 

(Galal et al., 2008 and Gürsoy, 2011). Initially, Hampshire and Corriedale breeds were used for 

crossbreeding but they were gradually replaced by Awassi sheep because  Awassi sheep were 

well accepted by Ethiopian farmers, especially in the highland parts of Ethiopia due to their 

similarity with that of local sheep in their physical characteristics. In the first four consecutive 

years after introduction, individual farmers were targeted for ram distribution but later due to the 

high price of ram and inbreeding effect the strategy was shifted to village-based crossbreeding 

program. However, in these organized farmers, there were no performance evaluations 

performed and animals were looted during the government change in 1991 (Tesfaye Getachew, 

2015).   
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2.5 Production and Dissemination of Crossbred Awassi ram in Ethiopia 

 

Still introduction and maintenance of exotic breeds, as well as multiplication and dissemination 

of crossbreds are dependent on government farms. Sheep in the government farms exposed to 

inbreeding due to small numbers of exotic animals and diseases. Low fertility with natural 

mating in the farms, lack of infrastructure, logistics, and the limited number of available Awassi 

crossbred rams for dissemination from the government farms. An informal survey conducted in 

1997 in South Wollo and North Shewa zones to evaluate the performance of disseminated 

crossbred rams exposed that there were no any crossbred sheep found even though a huge 

number of rams disseminated to the smallholder farmers all over the country (Markos Tibbo, 

2006). The objective of Awassi x Menz crossbreeding was to improve the wool-producing ability 

of local Menz and Wollo sheep. However, as shown in Figure 2, the dissemination strategy did 

not consider the suitability of locations for the Awassi breed (Solomon Gizaw and Tesfaye 

Getachew, 2009). Indiscriminate spreading of crossbreed rams to vast locations has resulted in 

very low success because Awassi crossbreed rams best perform less in most areas other than in 

highland areas.  

 

Figure 2. Numbers and location of Awassi x Menz crossbred ram disseminated from DBSMBIC. 
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2.6 Constraints of Sheep Production in Ethiopia 

 

In Ethiopia, sheep production is directly interlinked with environmental conditions. According to 

Solomon Gizaw et al. (2010a) sheep productivity is affected by environmental, technical, 

institutional, and socioeconomic factors.  

Major constraints of sheep production in the western part of Ethiopia were reported to be feed 

shortage, disease, and parasites, drought, inadequate veterinary service, and accesses of 

infrastructures (Addis Getu, 2015). According to the author, feed shortage was the first factor 

followed by disease and inadequate veterinary services. Hussien Sirag (2018) also indicated that 

the major production constraints of sheep in Legambo and Tenta districts of South Wollo Zone 

were a disease, feed shortage, water problems, genotype (breed), predators and drought. Tsedeke 

Kocho (2007) also reported feed shortage to be the first ranked bottleneck in Alaba, Southern 

Ethiopia.   

2.7 Mortality  

 

Mortality rate (MR) is a very important factor affecting the productivity of sheep. Study 

indicates that the annual mortality rate in all age group of sheep could reach up to 23% (ESGPIP, 

2008). According to Mesfin Lakew et al. (2014), the average MR was 6.31 with no significant 

difference between the local and crossbred sheep (4.55 versus 6.59%, respectively). According to 

the author, MR was higher for those lambed in the dry season than a wet season and decreased 

with increasing parity. Berhanu Belay and Aynalem Haile (2011) also reported that the survival 

rate of lamb was highly affected by BWT. Pre and post-weaning mortality of Awassi sheep were 

12.67 and 8.88% respectively, and  male have higher (13.21%) than female Awassi with 12.2% 

of PRWMR (Jalal and Hani, 2015). 
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 Table 2. Mortality rates of different sheep breeds.    

 

Genotype 

 

N 

                           Mortality rate (%) 

≤ weaning  ≤ 6month ≤yearling  Total References 

L 848 3.8  6.8  11.4  7.3  (Solomon Gizaw et al., 2012b) 

AC 782 2.0  5.6  10.1  5.9  (Solomon Gizaw et al., 2012b) 

CL 359 1.4  3.3  9.4  4.7  (Solomon Gizaw et al., 2012b) 

DC 9 - - - 6.6  (Mesfin Lakew et al., 2014) 

L 158 - - - 4.6  (Mesfin Lakew et al., 2014) 

N= number of sheep, L=Local, AC=Awassi x local, CL=Corriedale x Local, DC=Dorper crosses 

2.8 Productive Performance 

 

Growth performance of sheep such as BWT, WWT, and fleece weight are good production 

indicator of sheep as it has implications on the reproductive capability of the sheep (Momoh et 

al., 2013). Sheep with good growth performance can be bred early and give more numbers of 

lambs per reproductive lifetime. The faster the rate of growth the earlier it attains marketable 

weight (Berhanu Belay and Aynalem Haile, 2009). It is an important trait, especially for meat-

type sheep breeds. An average level of growth determines the whole productivity of flock and 

the economic return from the small ruminants. 

The study from the on-station performance evaluation of local sheep and crossbreds in the 

central highlands of Ethiopian by Markos Tibbo (2006) showed that Horro lambs were heavier 

than Menz lambs at birth (2.40 vs. 2.06 kg), at weaning (9.48 vs. 8.64 kg) and at yearling (19.0 

vs. 17.1 kg). This shows that Horro sheep had a faster pre-weaning gain (78 g/h/d) and post-

weaning gains (31 g/h/d) than Menz sheep (72.6 and 291 g/h/d respectively).  Several on-station 

evaluation studies conducted on exotic (Awassi and Dorper) rams in different areas of Ethiopia 

showed crossbreds are better than local ones (Mesfin Lakew et al., 2014). The study by Olsson 

and Takele Beyene (1990) at Chilalo agricultural development unit (CADU) indicated that BWT, 

WWT, and annual wool yield improved with increased levels of exotic blood. 

The on-farm study by Hassen Yimam et al. (2002) in the cool central highlands of Ethiopia 

indicates that crossbred sheep performed better than local breeds except for WWT.  Results from 
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another village (Chiro) indicated that the growth of lambs from birth to yearling increased as the 

Awassi blood levels (BLs) increased under extensive or traditional management condition as 

shown in Figure 3. According to Solomon Gizaw and Tesfaye Getachew (2009) yearling weight 

(YWT) of local Wollo, 25 to 50%, and above Awassi crosses were about 22, 26, and 35 kg, 

respectively. Combined analysis from the three villages Serity (Chacha), Negasi-Amba (Menz), 

and Chiro (Wollo) confirmed that 37.5% Awassi crosses were recommended for smallholder 

farmers (Solomon Gizaw et al., 2014).  

 

Figure 3. Growth curve of local and Awassi x local sheep at extensive management condition 

 

2.8.1     Birth weight 

 

Birth weight is the weight taken as soon as after birth up to 24 hours. Koney (2004) defined it as 

the weights of the newly born animal before it suckles mother’s milk. Menz sheep were reported 

to weigh about 2.3, 11 and 26-30 kg at birth, weaning (90 days), and yearling, respectively; the 

mature body weight of Menz ewe was estimated to be about 35 kg (ESGPIP, 2008). Birth type 

and sex of lamb were the main sources of variation on pre-weaning growth rate of lambs 

(Mengestie Taye et al., 2009). A lamb that was heavier at birth was commonly either single or 

produced from larger body sized ewe with good feeding conditions. Practically lambs heavier at 

birth have larger adult weight and higher growth capacity (Mengestie Taye et al., 2009). 

Hassen Yimam et al. (2002) reported that performance of 37.5% Awassi x Menz was not better 

than local Menz sheep under village/extensive management condition in the highlands of 
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Ethiopia. According to the author, the weight superiority of 37.5% Awassi x Menz sheep at birth 

was not sustained at weaning due to the inability of the local dam to deliver milk to sustain the 

growth of the lambs.  As reported by Solomon Demeke et al. (2004) Awassi x Menz crossbred 

lambs were heavier at birth compared to Menz lambs (2.9 vs. 2.5 kg). In contrast to his study, 

BWT of pure Menz (2.49±0.03 kg), 25% Awassi x Menz (2.37±0.04 kg) and 37.5% Awassi x 

Menz (2.36±0.04 kg) were found to be not significant, but Menz sheep had lower WWT 

(9.29±0.15 kg) than 25% Awassi x Menz (10.35±0.21 kg) and 37.5% Awassi x Menz 

(10.22±0.21 kg), respectively (Demeke Haile, 2013). 

2.8.2 Weaning weight 

 

Weaning weight is an economically important trait for meat-type sheep production since it 

affects growth and survival rate (Mengestie Taye et al., 2009). WWT and POWDG of lambs are 

as important as the PRWDG performance, mainly when the objective is producing meat through 

lamb production (Deribe Gemiyu, 2009). Different values of WWT are reported by different 

reviewers and researchers. According to Markos Tibbo and DBARC (2006) report, on-station 

WWT of Menz sheep were 9.1 and 8.0 kg, respectively. On the other hand, WWT of Menz sheep 

was reported to be 8.3 Kg under on-farm condition (Niftalem Dibessa, 1990).   

Table 3. Birth weight, weaning weight and yearling weight of different sheep breeds 

Productive performance (kg) 

Breed  Management   BWT  WWT YWT Reference 

Menz On-station 2.06 8.64 17.1 (Markos Tibbo, 2006) 

Menz On-farm 2.4  8.3  16.4  (Dibissa Niftalem, 1990) 

DL  On-farm 2.25±1.7  17.3±0.9 NA (Ermias Belete, 2014) 

Menz  On-farm 2.3±0.04  9.3±0.6 NA (Aynalem Haile et al., 2015) 

Local  On-farm 2.72  8.367  NA  (Ermias Belete, 2014) 

Washera  On-farm  2.7  12.4  23.5  (Mengestie Taye et al., 2009) 

Horro  On-station  2.3  9.9  17.1   (Markos Tibbo, 2006) 

NA = Not available; DL = Dorper X local; BWT=Birth weight; WWT=Weaning weight; 

YWT=Yearling weight 
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2.8.3 Body weight gain 

 

Average daily gain particularly PRWDG is commonly affected by the mothering ability of the 

dam. It is dependent on the amount of milk produced by the dams during the pre-weaning period 

(Tadesse Amare, 2018). Besides, parity also reported affecting the pre-weaning growth rate, 

starting from birth to 30 days of age. Lambs born from 2
nd

 and 3
rd

 parity had a faster growth rate 

than 1
st
 and 5

th
 parities (Mengestie Taye et al., 2009).   

2.8.4 Fleece weight 

 

The report of Markos Tibbo et al. (2006) shows that crossbreeding was advantageous for 

increasing wool/fleece yield of local Menz sheep by 147% for 50% Awassi x Menz and 218% 

for 75% Awassi x Menz BLs. As Hussein Sirag (2018) reported, in the South Wollo Zone of 

Amhara Region, shearing was common and practiced twice a year. First shearing from 

September to October and the 2
nd

 shearing from April to June were done to minimize 

environmental stresses to generate income by selling it at the local market.  

Similarly, Tesfaye Getachew (2008) also reported in Menz area shearing of sheep was common 

and was practiced two wises per year. However, he indicates that the 1
st
 shearing was usually 

done from August to October and the 2
nd

 from April to June. Shearing was practiced by hand by 

using a local knife and scissors as shown in Figure 4. The fleece obtained from shearing was 

used by farmers for making local clothing like carpet and mattress. And also used for income 

generation for smallholderfarmers The average wool yield per Menz sheep per shearing was 

reported to be about 0.4 kg with a range of 0.1 and 0.7 kg. White and black colored fleece was 

the more preferred by farmers for making carpet than the red and mixed colors (Tesfaye 

Getachew, 2008).  Most of the wool shear two wise per year. In Ethiopia, especially, those sheep 

endowed with attractive coat-colors have always exceeded market values of their counterparts 

(Wude Tsega, 2012). Solomon et  al. (2008a) reported that coarse wool usually used for the local 

carpet- making industry is produced from Menz sheep and other sheep in the central and north 

central highlands. 
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Figure 4. Wool shearing in central highlands of Ethiopia (www.wcc-coe.org) 

2.9 Reproductive Performance 

 

Successful sheep production is a result of the good reproductive performance of sheep. 

Reproductive performances like LS, LI, and AFL are economically important traits in sheep 

flocks. Both biological and economic efficiency of sheep production farm is improved with high 

levels of flock reproduction rate. Upgrading of reproduction rate spread the high fixed energy 

input cost of maintaining the breeding ewe flock and replacements over more sales of offspring 

(Tadesse Amare, 2018). Reproductive performance of sheep depends on different factors 

including; AFL, LS, LM, LI and the RLS of the ewe. However, according to Ermias Belete 

(2014) environmental factors are much more effective on the reproduction of sheep such as 

nutrition, management, and climate in addition to genetic factors. Sheep flock reproductive 

performance affects the selection intensity as well as the consequent rate of genetic improvement 

in all important traits under selection. 

2.9.1 Age at first service 

 

Well managed lambs may reach AFS at about 9 months of age, but with poor/inadequate feeding 

puberty may delay upto 20 months (Gatenby et al., 1991). Report shows Awassi lambs on good 

feeding came to oestrus at the age of 274 days (Younis et al., 1978). However,  females, slower 

than males in reaching sexual maturity. The age of puberty for females ranged from 5 to 20 

months depending on breed, feeding, and season of birth (Ensminger, 2002). Rams could reach 

http://www.wcc-coe.org/
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puberty at 4 months under intensive management condition whereas two years at 

extensive/traditional management condition (Gatenby et al., 1991). According to Zewdu Edea et 

al. (2010) AFS for Bonga sheep breed were 7.51 ± 2.14 and 9.3 ± 2.2 months for males and 

females, respectively and for Horro sheep breed the values were 7.1 ± 3 and 7.8 ± 2.4 months for 

males and females, respectively.  

2.9.2 Age at first lambing 

 

Lambing interval can be controlled by the season of lambing or feed availability, genotype, 

parity of ewes and mating system (Amelmal Alemayehu, 2011). LI is one of the farmers’ 

reproductive traits of interest in sheep production and used as criteria for breeding ewes’ 

selection. AFL is an economically important reproduction trait as greater population turnover 

and more rapid genetic improvement can be produced when ewes gave birth to their first 

offspring at earlier ages than later ages. Early maturing females are reported to have a relatively 

long RLS (Shashie Ayele and Mengistu Urge, 2019). A report from DBARC (2006) indicates 

that AFL for Menz sheep was 598 days but Mukasa-Mugerwa (1995) reported 450 days for the 

same sheep breed. Shashie Ayele and Mengistu Urge (2019) report AFL of Bonga crossbreds 

lambed at an earlier age (11.5±0.9 months) compared to local Bonga (13.9±1.6 months) ewes.   

2.9.3 Lambing interval  

 

Lambing interval is the number of days between two consecutive parturitions. Reports from the 

past research showed that LI for most of the Ethiopian local sheep at traditional management 

condition was between 7 and 10 months and affected by breed, season, sex of lamb, birth type, 

parity (Mohammadi et al., 2011), and According to Solomon Abegaz et al. (2011) there is a 

possibility of local Ethiopian sheep to have more than three lambings’s in two consecutive years.   

Genetic and non-genetic differences led to a vast variation in LI of different sheep breeds. 

Reports of LI of local sheep from on-farm conditions are varied due to the effect of season, 

parity, management and breed of sheep (Mukasa Mugerwa, 1995). According to  Zewdu Edea 

(2008) indicates that LI of Bonga and Horro ewes were around 8 and 7.8 ± 2.4 month 

respectively.   
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Table 4. Reproductive performance of local and crossbred sheep under traditional management. 

Breed Management  AFL  LI Reference 

Menz  Traditional 522.3 260.0 (Tesfaye Getachew et al., 2013) 

Menz x Awassi   Traditional 630.7 329.4 (Tesfaye Getachew et al., 2013) 

Arsi-bale Traditional 381.0 234.0 (Tsedeke kocho, 2007) 

Wollo Local Traditional 434.1 227.1 (Tesfaye Getachew et al., 2013) 

Wollo x Awassi   Traditional 489.1 249.7 (Tesfaye Getachew et al., 2013) 

Wollo x Corriedale Traditional 469.4 224.9 (Tesfaye Getachew et al., 2013) 

Menz Traditional 662 228 (Solomon Gizaw and Tesfaye 

Getachew, 2009). 

AFL=age at first lambing, LI= lambing interval 

2.9.4 Litter size/Prolificacy 

 

Litter size or prolificacy is the number of progenies born per parturition/lambing. It is one of the 

most economically important reproductive traits affecting the performance of a ewe and thereby 

the profitability of the whole flock. It is a trait mainly depends on ovulation rate and is affected 

by the number of fertilized oocytes and affected by breed, parity, season and bodyweight of the 

ewe at breeding and management condition (Shigdaf Mekuriaw et al., 2013).  

Practically the higher the ovulation rate, the more oocytes will produce and ready for fertilization 

during the estrous time and increase the probability of more litters (Drouilhet et al., 2013). LS of 

Ethiopian sheep breeds such as Menz and Afar sheep breeds had almost close to one lamb per 

lambing while breeds such as Horro and Washera were more prolific with LS of 1.35 and 1.2, 

respectively (Mengiste Taye, 2008). As Zewdu Edea  (2008) also reports LS of 1.40 and 1.36 are 

obtained from Bonga and Horro sheep breeds, respectively, whereas low LS is obtained for 

Menz sheep 1.13 (Mukasa-Mugerwa et al., 2002). 
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Table 5. Litter size of Ethiopian indigenous sheep breeds/types 

Breed/Type  LS Reference 

Gumuz  1.17  (Solomon Gizaw, 2008) 

Menz  1.13  (Mukasa-Mugerwa et al., 2002) 

Local sheep in Tocha  24.75±7.9 (Amelmal Alemayehu, 2011) 

Local sheep in Mareka  37.8±12.9 (Amelmal Alemayehu, 2011) 

Local sheep in Konta  39.06±17.9 (Amelmal Alemayehu, 2011) 

Awassi 1.20 (Sabri and  Mahmut, 2010) 

LS = Litter size   

2.9.5 Annual reproductive rate 

 

The ARR of African sheep differ from 1.10 to 1.36 and affected by the year and season of 

lambing being highest in the rainy season and lowest in the dry season. This may be because 

ewes that lambed during the dry season had longer subsequent LI than those that lambed during 

the rainy season (Niftalem Dibessa, 1990). ARR is a composite parameter that combines key 

influences on small ruminant productivity i.e., litter size, pre-weaning mortality and LI and it is 

described by the following formula. 

ARR = s (1-M) x 365 …………………………………………………………………….... eq. (1) 

                   L 

Where S is the litter size; M is the rate of pre-weaning mortality and L the lambing interval in 

days (Ibrahim, 1998). 

 

2.9.6 Reproductive life span 

 

Having long RLS is one of the most important adaptation traits for tropical livestock (Amelmal 

Alemayehu, 2011). The mean RLS of Horro and Bonga ewes were 7.9 ±3.1 years and 7.4 ± 2.7 

years, respectively. Extended reproductive performance (long-life, good fertility, ability to 

produce more offspring) of ewes should be given more attention for the selection programs 

(Zewdu Wuletaw, 2008).  The life time lamb crop is very important trait to improve sheep 

productivity and profitability. According to Zewdu Edea (2008) on an average a Bonga and 
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Horro ewe delivers 12.2 ± 1.80 and 15.3 ± 4.3 lambs in her life time. According to Fikrte (2008) 

in Shinile and Erer local sheep 9.12 ± 1.6 and 8.18 ± 2.27years respectively.  

2.10 Linear Body Measurements 

 

Documented data on BW and linear body measurements for a specific breed of sheep at a 

specific age is very important for the selection of genetically superior animals (Bosenu Abera, 

2012). Linear body measurements of sheep are indicators for qualitative growth and structural 

changes occurred during the growth of sheep. BW and some linear body measurements of some 

tropical sheep breeds are shown in Table 6.  

 Table 6. Body weight (kg) and linear body measurements (cm) of some mature tropical sheep 

breeds 

   Body measurements  Source 

Breed Sex BW  HW BLG CG  

Afar M 27.5 60.9 55.8 72.9 (Sisay Lema, 2002) 

 F 24.7 60.2 57 71.8 (Sisay Lema, 2002) 

Washera M 31.4 69.3 65.1 74.8 (Sisay Lema, 2002) 

 F 29.5 68.4 65.2 75.4 (Sisay Lema, 2002) 

Awassi F1   B 29.6±1.4 72.0±3.3 57.7±0.7 83.9±2.3 (Tadesse Amare,2018) 

Wollo highland   B 26.5 ±2.1 66.9±2.1 43.4±3.2 73.5±3.1 (Tadesse Amare,2018) 

Washera F1  B 27.4 ±1.9 67.7±1.5 47.2±3.4 76.7±1.5 (Tadesse Amare,2018) 

BW=Body weight; HW=Height at wither; BLG=Body length; CG=Chest girth; F1= First 

produced offspring by crossbreeding; B=both sex 
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3 MATERIALS AND METHODS 

3.1 Description of the Study Areas 

 

The on-farm study was conducted at selected kebeles of Bassona Worana (hereafter referred to 

as Basso) district and the on-station study at DSMBIC shown in Figure 5. The areas are located 

130 km away from Addis Ababa in the central highlands of Ethiopia. They are located on an 

altitude between 2,250 and 3,200 meters above sea level. The average daily temperature and an 

annual rainfall of the study areas range from 12-17ºC and 900 and 1050 mm, respectively 

(Figure 6) (Basso Agricultural Office Report, 2019).  

 

 The DSMBIC is situated in the outskirt of Debre Berhan town which is also found in Basso 

district. The station was established in 1968, and currently, it serves as multiplication and 

dissemination of Awassi x Menz crossbred breeding rams for smallholder farmers found in the 

highlands of North Shewa, North Wollo and South Wollo zones. Apart from Menz sheep, the 

station accommodates Awassi x Menz crossbred sheep with BLs of 50, 75, 87.5 and 93.75% for 

multiplication and distribution of breeding rams in the highlands of Ethiopia (Tedrose Kassaye, 

Personal communication).  

 

Figure 5. Map of Ethiopia showing location of the study area 
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Basso is one of the 22 districts in North Shewa Zone of Amhara Regional State consisting of 30 

Administrative Kebeles. There are about 130,536 human population, 110,945 cattle population 

and 151,965 sheep population (13,270 Awassi X Menz crossbred sheep) found within 1,208 

square kilometers areas of the district. Mixed crop-livestock production is the major production 

systems in this area (DAOFR, 2018)  

 

Figure 6. Average rainfall and temperatures around Debre Berhan (2000 to 2014) 

3.2 Sheep Management  

 

Sheep reared in the station are kept under a semi-intensive management system. They are 

allowed to graze on the grazing land for about 8 hours a day being supplemented with 

concentrate (CP= 16-23% and ME= 9-12.5 MJ/kg/DM) depending on their physiological status, 

age, sex and genotype. Male and female sheep are housed and grazed separately to avoid 

indiscriminate mating and minimize inbreeding. On the other hand, feeding systems are 

unimproved and mating systems are uncontrolled in Basso district. Currently, smallholder 

farmers are using the crossbred ram for genetic improvement approach through mating with local 

Menz ewe. Therefore, the smallholder farmers try to are participate by planning, designing 

individually and cooperatively with villagers to achieve genetic improvement and to minimize 

inbreeding problems and conserve genetic resources of local sheep. Shearing of crossbred ram is 

not common in the area.   
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3.3 Selection of Study Sites 

 

A total of 5 Kebeles namely Gudobert, Bakelo, Kormargefya, Keyit and Angolela were selected 

purposively based on the availability and number of Awassi x Menz crossbred ram and their 

progenies. Lists of HHs who owned crossbred sheep were prepared in each village with the help 

of DAs and village leaders in the respective Kebeles. Out of the total population having Awassi 

X Menz crossbred sheep 104 HHs were selected from the study Kebeles using systematic 

random sampling from the lists to be prepared with the help of DAs. 

3.4 Data Collection and Organization 

3.4.1 On-farm study 

 

The survey questionnaires were pre-tested before administration and some re-arrangement,  

reframing and correctiions were made under respondent perception. The data were collected 

through questionnaire interviews, direct observations, field measurements and secondary sources 

(like, list of HHs having crossbred sheep). Based on a questionnaire survey and field 

measurements, the following information was captured in the present study. 

 Household information like age, sex, marital status, family size, education level, farming 

activity, land size (ha), livestock composition, sheep flock structure, breeding, marketing 

and purpose of keeping sheep.  

 Routine husbandry and management practices such as feeding, breeding, shearing, 

housing and disease control. 

 Performance data like AFL, LI, LS, and BW and body measurements such as BLG, HW, 

CG and BC. 

 Mortality and abortion rate of sheep also assessed. 

 Sheep production constraints. 

Reproductive parameters such as AFL, LI, LS and and blood levels of sheep were obtained from 

HHs by asking them the history of each sheep. Number of sheep died over the last one year were 

recorded.   

Quantitative traits such as BLG, HW and CG were measured from 491 sheep (169 males and 322 

females) crossbred sheep using a flexible measuring tape. BW was measured using a 50 kg 
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capacity of suspended weighing balance with 200g/0.2 kg precision. Body condition score was 

done based on the description of body condition scoring of sheep from 1 (emaciated) to 5 (obese) 

as described in Appendix Table 6. All measurements were done early morning before feeding to 

minimize the effect of gut fill. All sheep were classified into five dentition groups; 0PPI, 1PPI, 

2PPI, 3PPI and ≥4PPI to represent the age of 15 months, 15 to 22 months, 22 to 28 months, 28 to 

36 months and above 36 months, respectively according to the method of Gatenby and Humbert 

(1991). 

Table 7. Age and dentition class of crossbred sheep included in the measurements   

Pair of permanent incisor (PPI)teeth Age group (range) N 

0PPI teeth <15 month 250 

1 PPI teeth 15 to 22 month 38 

2 PPI teeth 22 to 28 months 24 

3 PPI teeth 28 to 36 months 51 

4 PPI teeth > 36 months 128 

N= Number of crossbred sheep, PPI = Pair of permanent incisor 

3.4.2 On-station study 

 

The on-station study was conducted based on the data recorded from sheep flocks used for 

multiplication purposes at DBSMBIC. The data recorded from 2013-2019 and available on 

different recording formats were used for this study. This includes animal ID with the genetic 

group, sex, weight from birth to SMWT, birth date (BD), LS, animals died, and fleece weight. 

Other traits recorded and used in the study include reproduction data (AFS, AFL, LI, parity, LS, 

GL and ARR), production data (BWT, WWT, and SMWT (only for male because SMWT taken 

only for male before distribution but for female did not), PRWDG, POWDG and fleece weight) 

and MR (pre- and post-weaning mortality).  

PRWDG and POWDG were calculated using the following formulas: 

PRWDG (g) = 
         

   
 ………………………………..…eq (2) 

POWDG (g) = 
          

  
……………………………….... eq (3)  

Where: BWT=Birth weight; WWT=Weaning weight; SMWT=Six month weight 
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3.5 Statistical Analysis 

3.5.1 On-farm data 

 

Descriptive statistics were used to analyze the data using SPSS 20. Indices were calculated for 

data such as the purpose of keeping sheep, sheep production constraints and other data needed 

for ranking purposes of some variables using percentages of responses from the HHs. The index 

was calculated as Index = Sum of (r * number of households ranked first + r-1 * number of 

households ranked second + r-2 * number of households ranked third+ r-3 * number of 

households ranked fourth) divided by the sum of (r * number of households ranked first + r-1 * 

number of households ranked second + r-2 * number of households ranked third+ r-3 * number 

of households ranked fourth) given for each individual reason like the purpose of keeping sheep, 

disease prevalence, coat color preference and constraints of sheep production in the study site.  

Where r = Rank. 

 

Quantitative characters (body weight, linear body measurements and reproductive parameters) 

were analyzed using the Generalized Linear Model (GLM) procedures of the Statistical Analysis 

System (SAS, release 9.2, 2008). The same software was used to conduct a correlation analysis 

between BW and linear body measurements.  

3.5.2 On-station data  

 

Before analysis, the data were classified into major groups such as breed groups/blood levels (50, 

75 and ≥ 87.5% Awassi x Menz crossbreds), sex group (male and female), season (dry season: 

October to February, light rain: February to May and heavy rain: June to September, based on 

national metrology agency and, Parity (1, 2, 3 and 4). After cleaning and verifying the data, the 

analysis was done using the GLM procedure of SAS (SAS, release 9.2, 2008) to study the effect 

of genotype, season, and sex on body and fleece weights. Other fixed effects such as birth type 

were no available in the station in line with the growth data Growth data analyzed in this study 

consisted of 5250 records for BWT, 3993 records for WWT for both sexes, and 1216 records for 

SMWT (for male sheep only because only males are wighted at this age before dissemination but 

femals are not wighted after weaning). The following models were used to analyze the data 
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obtained from the on-farm and on-station. Only interaction effects which were important and 

significant were included in the model.  

Model I: Model used to analyze the growth, fleece and survival traits was: 

Yijkl =μ + Gi + Sj + Sek + (GS)ij + eijkl 

Where:  Yijkl =l
th

 record of k
th

 sex in the j
th

 season and i
th

 genetic group 

μ = overall mean 

 Gi = effect of i
th

 genetic group (i= 50, 75 and ≥ 87.5%) 

   Sj = effect of j
th

 season of birth (j= dry season, short rainy, main rain) 

   Sek = effect of k
th

 sex (male and female) 

(GS)ij = the effect of the interaction of i of genotype with j of season of birth, and 

   eijkl = random error associated with each observation. 

 

Model II: Model used to analyze reproduction traits was: 

Yijkl =μ + Gi + Sj + Pk + (GS)ij + eijkl 

Where:  Yijkl =l
th

 record of in the k
th

 parity, in the j
th

 season and i
th

 genetic group 

μ = overall mean 

Gi= effect of i
th

 genetic group (i=50, 75 and ≥ 87.5%) 

Pk= effect of parity (P=1, 2, 3 and 4) 

Sj= effect of j
th

 season (j= dry season, short rainy, main rain),  

(GS)ij = the effect of the interaction of i of genotype with j of season of birth, and 

   eijkl = random error associated with each observation. 
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4 RESULTS AND DISCUSSION 

4.1 General Household Information 

 

General information on respondent HHs is presented in Table 8. The average proportion of male 

respondents in the study area was 94.2%. This shows that males participated more at the field 

work with grazing of their livestock and play a dominant role in livestock production practices 

compares to females who spend most of their time at home. This contradict with Agedie Yesma 

(2015) with female covers half of the total respondant in north shewa zone on poultry production 

it may be related to the type of livestock species. The current study revealed that most of the 

sheep keepers (80.8%) were able to read and write. This would be very important for the 

implementation of  CBSBP.   

The average age of the respondents was 44.6 years which is in agreement with 46 years reported 

for Debre Berhan areas (Mekete Bekele, 2018) and 43.3 years for the South Wollo zone (Hussien 

Sirag, 2018). The proportion of sheep keepers aged between 41-50 years was higher in the study 

area accounting for 44.2% it may have good experience on sheep production.  

Table 8. Sex, educational level, age group and marital status of HHs head   

Household heads characteristics  N % 

Sex     Male 98 94.2 

     Female  6 5.8 

Education level     Illiterate 20 19.2 

     Read and Write  38 36.6 

     Primary (Grade 1-8) 39 37.5 

     Secondary (Grade 9-12) 7 6.7 

Age Group (year)     <30 3 2.9 

     30-40 30 28.9 

     41-50 46 44.2 

     >50 25 24.0  

Marital Status     Married  96 92.3 

     Unmarried   8 7.7 

N = Number of respondents 
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4.2 Family and Land Holding Sizes  

 

Landholding and average family size  per HHs in the study area are presented in Table 9. The 

average family size of respondents in the present study was 5.1, which is closer with the value 

reported by Halima Hassen (2007) and Melaku Tareke (2016) with the overall mean family size 

of 5.4 and 5.41 in Northwest Amhara Region in Wogdi and Borena districts of South Wollo 

zones, respectively. This figure is also similar to the national average of 5.14 reported by CSA 

(2016). However, slightly lower family size than Fisseha Moges et al. (2010) who reported that 

6.2 and 6.9 persons per HHs for Bure and Dale districts.  

The total average landholding size per HHs in the area was 2.38 ha, which is higher than 1.5 ha 

reported by Deribe Gemiyu (2009) in Alaba, Southern Ethiopia but similar with 2.3 ha reported 

by Agedie Yisma (2015)  in Kowet district North Shewa zone. The average landholding sizes for 

crop production and grazing were 1.54 and 0.31 ha, respectively the rest 0.41 and 0.12 ha are 

used for pasture and fallow land respectively. Landholding size for crop production at national, 

regional (Amhara Region) and zonal (North Shewa) levels were 0.95, 1.08 and 1.20 ha, 

respectively (CSA, 2016).  The average grazing landholding size in the study area (0.31 ha) is 

lower than 0.52 ha reported by Mekete Bekele (2018) and 0.46 ha reported by Ahemed Hassen et 

al. (2010) in the central highlands of Ethiopia this indicated that farmers plough some of grazing 

land for cropping purpose it may be due to food insecurity. 

 

Table 9. Mean±SE and Range of family and landholding sizes of HHs in the study area 

Parameters  Mean±SE Range 

Family size  5.09±0.14 2-11 

Total land 2.38 ±0.13 0.5-8 

Pasture land 0.41 ±0.03 0.13-1 

Cropping land 1.54 ±0.11 0.25-6 

Grazing land 0.31 ±0.03 0.05-2 

SE = standard error 
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4.3 Livestock Holding and Composition 

 

Livestock species kept by respondent HHs are presented in Table 10. The major livestock 

species kept by sample respondents were local breeds. About 32% of the livestock (sheep, cattle 

and chicken) kept by the HHs were crossbred. This value is higher than CSA (2018) report it 

may be due to location near to the station for sheep and potential producer of milk so they kept 

crossbred dairy cow.  Numerically local sheep were the dominant livestock species followed by 

crossbred cattle. The average number of local sheep (14.44±0.87) kept per household is higher 

than the previous study by Ermias Belete (2014) who reported 7.57±2.3 in Alicho Worero area. 

Similarly  higher than 6.1 reported by Derbie Gemiyu (2009)  in Alaba, Southern Ethiopia. 

About 24.71% of the sheep owned by the HHs were Awassi crossbreds most of them are BLs of 

25 and 37.5%. As most of the smallholder farmers report the number of crossbred sheep 

population was decreasing due to diseases, feed and labor shortage these factors is largely affect 

the cross one because they are less resictance to feed and disease. Crossbreding of sheep is 

increasing from time to time so these factors should avoid in order to sustain the system.  

Table 10. Average livestock holding per HHs in the study area 

Breed Livestock spp Mean±SE Range % of other Livestock 

Local Sheep 14.44±0.87 3-50 32.67 

 Cattle 3.77±0.38 1-18 8.53 

 Goat 3.81±0.28 1-10 8.62 

 Chicken 4.37±0.18 1-11 9.89 

 Donkey 2.18±0.09 1-5          4.93 

 Mule 0.02±0.00 0-1 0.05 

 Horse 1.55±0.11 1-8 3.51 

Cross Sheep 4.74±0.14 2-9 10.72 

 Cattle 4.77±0.29 1-15 10.79 

  Chicken 4.55±0.36 1-15 10.29 

SE = Standard error 

4.4  Sheep Flock Structure 

 

Flock composition is an indicator of the production objectives and breeding practices of the 

smallholders (Solomon Gizaw et al., 2014). In the present study, breeding ewes consisted of the 

dominant proportion (35%) in the flock followed by the proportion of lambs (23%) and breeding 
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rams (18%) in Table 11. The average number (Mean±SE) of breeding ewes found in this study 

(7.88±0.48) is higher than 5.45 reported for East Gojam zone (Michael Abera, 2013). The ratio 

of breeding rams to breeding ewes was about 1:2 which is higher than 1:4 reported by Hussien 

Sirag (2018) for Legambo and Tenta districts in South Wollo zone and 1:7 for Gumuz sheep 

reported Solomon Abegaz (2007), respectively. The higher proportion of breeding ewes in the 

sheep flock followed by suckling age (lambs) group in all the study area is in agreement with the 

finding of other researchers in Ethiopia (Tsedeke Kocho, 2007 and Belete Shenkute, 2009). 

 

Table 11. Average flock size and structures per HHs  in the study area 

Sheep type Mean±SE % of other sheep Range  

 Ewe 7.88±0.48 35.16 2-31 

 Ram 4.05±0.21 18.05 1-8 

 Ram lamb 2.60±0.40 11.59 2-4 

 Ewe lamb 2.76±0.22 12.29 1-12 

 Lamb 5.15±0.25 22.95 1-13 

Ram: Ewe 1:2   

SE=standard error  

4.5 Status of Introduced Crossbred Rams 

 

Out of 104 HHs interviewed, 86.5% of them mentioned that they were given crossbred breeding 

rams between the years of 2013 and 2019. Most of the introduced breeding rams (60%) were 

having 50% Awassi sheep BLs shown in Figure 7. Only 11% of these rams were still found in 

the hands of the HHs.  Farmer’s low awareness about the objectives of crossbreeding programs 

could be one reason among others (selling, culling and others) for higher losses of improved 

rams in the study area. Selling of improved breeding rams would affect the sheep improvement 

programs in the area.    

 
Figure 7. Status of introduced crossbred breeding rams in the study area by its BLs 
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4.6 Purpose of Keeping Sheep 

 
The reasons for keeping sheep in the study area are shown in Table 12. Knowing about the 

purpose for keeping animals is a prerequisite for deriving operational breeding goals (Tesfaye 

Getachew, 2008). As reported by the respondents in the study area sheep were 1
st
 kept for 

income generation followed by meat and saving. This is in agreement with the result of   Zewedu 

Wuletaw (2008) who reported income generation was the primary purpose of sheep production 

in Horro. The reasons of keeping sheep were rational and were correlated with farmer's needs in 

the long or short term. Purposes like skin, wealth status, manure production and ceremonies 

received low ranking among the purposes of sheep keeping in the study area.   

 

Table 12.Purpose of keeping sheep in the study area  

Purposes Rank 1 Rank 2   Rank 3 Rank 4 Index 

Source of Income 94 9 1 0 0.39 

Meat 1 60 37 3 0.25 

Savings 9 34 52 7 0.24 

Wool/hair 0 0 0 1 0.00 

Skin 0 0 8 46 0.06 

Manure 0 0 2 11 0.01 

Wealth status 0 1 2 32 0.04 

Ceremonies 0 0 2 4 0.01 

Index= sum of (r* number of households ranked first + r-1* number of households ranked second + r-2* 

number of households ranked third + r-3* number of households ranked forth) for each disease within a 

production system divided by the sum of (r*number of household ranked first + r-1*number of household 

ranked second + r-2* number of households ranked third + r-3* number of households ranked forth) for 

all of the purpose of keeping sheep within a production system.    

 

4.7 Housing  

 

Housing for livestock may vary under production systems. The well-equipped housing system is 

important to improve production by minimizing losses from stress such as disease and predators 

and to make management easier (Dejen Assefa, 2010). The majority of the respondents (83.7%) 

in the study area had separate sheep houses with roofs made of either corrugated iron sheet or 



31 
 

grass. Figure 8 shows the types of sheep houses in the study. The case was different for lowland 

areas such as in Shinile and Erer districts where housing for sheep was reported to be less 

common and housed with other livestock species (Fekerte Ferew, 2008). The majority (90.4%) 

of respondents in the study area kept the newborn lamb together with other sheep overnight.   

    
Figure 8. Sheep house in the study area 

4.8 Disease  

 

The disease was the major bottleneck problem of sheep production in the study area despite all 

respondents had access to government veterinary services. Fasciolosis, pasteurellosis, sheep pox, 

and pneumonia were the major sheep diseases that occurred in the study area in order of 

importance with an index of 0.50, 0.16, 0.13, and 0.09 respectively. Most of the respondents 

used drugs from government veterinary clinics and private pharmacies. The majority (98.36%) of 

the respondents confirmed that crossbred sheep were affected by these diseases more frequently 

than local ones. This contradicted the study of Tesfaye Getachew (2008) who reported 

pasteurellosis was the first ranked disease in Menz area. The waterlogging problem might be the 

main reason for the prevalence of fasciolosis in the study area. 
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Table 13. Ranking of sheep disease in the study area  

Common name Local name Rank 1 Rank2 Rank 3 Rank 4 Index 

Fasciolosis Kulkult/Wodoma 72 24 5 3 0.50 

Pasteurellosis Engib/Ekete 18 23 8 2 0.16 

Sheep pox Fentata 2 21 34 26 0.13 

Pneumonia Yesanba mich 6 19 18 4 0.09 

Coenurosis Azure/Baryawz 0 0 0 11 0.01 

Foot root Choke 3 4 7 12 0.03 

Diarrhoea Tekmate/Kezen 3 4 11 19 0.03 

Sudden death Dengetegna 0 4 10 10 0.02 

Lung warm Sal/Yesanba tel 0 5 11 17 0.03 

Index= sum of (r* number of households ranked first + r-1* number of households ranked second + r-2* 

number of households ranked third + r-3* number of households ranked forth) for each disease within a 

production system divided by the sum of (r*number of household ranked first + r-1*number of household 

ranked second + r-2* number of households ranked third + r-3* number of households ranked forth) for 

all of the diseases within a production system.   

4.9 Feeding and Fattening  

 

Sheep feeding and fattening practices in the study area are shown in Table 14. Almost all HHs 

interviewed in the study area had similar feeding and management systems. The major feed types 

used were natural pasture, crop residues and concentrate. About half (53%) of them practiced 

supplementation of sheep and about 71% supplement only crossbreds. About 47% of HHs 

practiced fattening and fatten three sheep (preferably castrated crossbreds) per fattening cycle. 

According to the respondents, the majority of the male (74.39%) sheep were kept for fattening 

purpose. This is different from the study of Wondimu Bireda (2013) who reported 80% of 

households in Gode district used young sheep for fattening. This shows the difference in 

marketing strategies between HHs in the two areas. Consumers in the highlands prefer meat with 

excess fat than those in the lowlands. The majority (89.42%) of respondents said crossbreeding is 

advantageous in producing animals suitable for fattening purpose. Most of the HHs practiced 

fattening during dry and light rainy seasons with the average fattening duration of about 3.51±13 

months. Fattening was done twice a year.  
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Table 14. Sheep fattening and feeding practice in the study area 

Descriptors N Percentage 

Do you practice fattening   

Yes 49 47.12 

No 55 52.88 

Do you supplement   

Yes 55 52.88 

No 49 47.12 

Feed type for fattening   

Natural pasture 37 36.63 

Concentrate 39 38.61 

Crop residue 25 24.75 

Season of fattening   

Dry season 47 47.47 

Light rain 42 42.42 

Heavy rain 10 10.10 

N= Number of respondents; One individual may respond more than one on feed type for 

fattening and season of fattening.  

 

4.10 Shearing Practice and Color Preference 

 

In the study area, hand shearing was common using a local knife. About 91.4% of respondents 

practiced shearing twice a year between October and May.. Respondents reported that the 

purpose of shearing was for minimizing the stress of sheep from the external parasite. About 

95.2% of the respondents confirmed that wool yield has increased after the introduction of 

crossbred rams in the area. Solid white and brown colors were more preferred by the HHs in the 

study area with indices of 0.46 and 0.35 respectively. The result behind this might be due to 

price. In contrast white within black and black within white colors were less preferred. This 

result contradicted with Zewdu Edea (2008) white color have less preference in Adiyo Kaka was 

associated with the belief that white-colored animals are more prone to a predator as they could 

easily be identified by a predator.    
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Table 15. Coat color preference of respondents in the study area  

Coat color Rank 1 Rank 2 Rank 3 Rank 4 Index 

White 61 37 0 0 0.46 

Brown 40 47 4 2 0.35 

Black brawn 0 0 50 15 0.06 

Black 0 1 14 85 0.06 

White within black 1 1 27 2 0.03 

Black within white 2 18 9 0 0.04 

Index= sum of (r* number of households ranked first + r-1* number of households ranked second + r-2* 

number of households ranked third + r-3* number of households ranked forth) for each disease within a 

production system divided by the sum of (r*number of household ranked first + r-1*number of household 

ranked second + r-2* number of households ranked third + r-3* number of households ranked forth)  for 

all of the wool color.   

4.11 Constraint of Sheep Production 

 

Ranking on constraints of sheep production are shown below in Table 16. Major constraints of 

sheep production in the study area were disease and feed shortage which were ranked first with 

an index of 0.42. The labor shortage was ranked third with an index of 0.08.  Acording to 

Getahun Legesse (2008) further losses are caused by abortions and diseases that constrained the 

productivity of small ruminants in Ethiopia include pneumonia, Contagious Caprine 

Pleuropneumonia, Ecthyma, Caseous Lymphadenitis and Brucellosis which could result in 

serious losses (Tsedeke kocho, 2007). 

Table 16. Ranking of sheep production constraints by the respondent  

Constraints Rank 1 Rank2 Rank 3 Rank 4 Index 

Disease 71 32 1 0 0.42 

Feed shortage 23 57 23 1 0.42 

Labor shortage 7 13 43 14 0.08 

Market 0 0 12 33 0.03 

Predator 0 0 9 35 0.02 

Water shortage 0 0 12 3 0.01 

Lack of superior genotypes 3 2 3 13 0.02 

Index= sum of (r* number of households ranked first + r-1* number of households ranked second + r-2* 

number of households ranked third + r-3* number of households ranked forth) for each disease within a 

production system divided by the sum of (r*number of household ranked first + r-1*number of household 

ranked second + r-2* number of households ranked third + r-3* number of households ranked forth) for 

all of the constraints within a production system.   
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4.12 Marketing  

 

Over the last one year, a total of 232 (cross and local) sheep breed were sold in the study area at 

an average age of 1.2 years. As to many other locations of the country, smallholder farmers in 

the study area sold their sheep to local markets throughout the year in times of income/cash need 

as well as feed shortage. The major sheep types sold during this time were mature rams (43%), 

ewe lambs (30%) and old and unproductive ewes (26%). The age at selling reported by 

respondents in this study is higher than 11.5 and 7.6 months reported by Tesfaye Getachew 

(2008) for Menz and Afar sheep, respectively. It may be due to time taking for catstration and 

fattening duration. Most of the sales were done during festivals such as Christmas and Easter 

when prices are high.  

 

According to  the respondents, 40% believed that the number of sheep sold increased after the 

introduction of crossbred rams in the area. This might be due to farmers give attention on 

fattening due to the faster growth of crossbred rams. The average estimated selling price  of 

fattened sheep was about 2832.35±62.54 ETB with minimum and maximum price of 

1878.43±76.30 and 3786.27±76.24 ETB respectively. In general, income gained from sheep was 

used to cover expenses related to education fees for children, purchase of family food and 

clothing, and purchase of inorganic fertilizer, seed and other inputs for crop production. Ram 

lambs was not sold because farmers keep, grow then castrate and fatten inorder to get good price.  

 

Table 17. Number of sheep sold over the last one year  

Sheep type   N Percentage 

Ewe 60 25.86 

Ram 99 42.67 

Ewe lamb 70 30.17 

Ram lamb 0 0 

Lamb 3 1.29 

Total 232 100% 

N=Number of sheep, Lamb = before weaning and Ram and ewe lamb = after weaning 
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4.13 Breeding Practice 

 

 As shown in Figure 9 lambing pattern occurred throughout the year with some variation 

between seasons. Higher mating and conception rates were reported during the crop harvesting 

period, and flocks free-roaming period, which is November to February, in extensive husbandry 

system of Ethiopia (Mukasa Mugerwa et al., 2002; Tatek Woldu et al., 2004, Tsedeke Kocho, 

2007), which agrees with the current findings. 

 

In addition to this, sharing of breeding rams among HHs was less common. Hence, the level of 

inbreeding was thought to be higher in the study area. About 60% of the respondents said that 

they know about inbreeding and its consequences but they didn’t take any measurements due to 

housing and grazing and other problems. About 69% of them believed that inbreeding was a 

serious problem to 31% of easily manageable in their sheep flock, and was the major cause of 

reduced growth, less disease resistance, and reduced reproductive performances. About 74% of 

the respondents supported the introduction of crossbred rams for improvement of local sheep 

even though the rams were less resistant to disease and feed shortage than local sheep. 

Utilization of ram born in the flock, uncontrolled mating, and lack of awareness about inbreeding 

and small population size of sheep may lead to inbreeding and decrease genetic variability 

(Kosgey and Okeyo, 2007). 

 

Figure 9. Pattern of lambing over the year in the study area 
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4.14 Reproductive Performance     

 

Good reproductive performance is the base for sustainable livestock production. Reproductive 

performances of crossbred sheep in the present study are presented in Table 18. 

4.14.1 Age at first lambing 

 

Average AFL of Awassi x Menz crossbred ewes was 17.7 months or 532 days with a lower value 

of 17.17 months or 515 days for crossbred with BLs 43.75% and above. The result behind this 

might be due to gentic (BLs) effect. Slightly higher AFL (18.4 months) was reported for the 

same breed in the Menz area (Tesfaye Getachew et al., 2013).  On the other hand, a lower AFL 

of 13.5 and 15 months for local sheep were reported by Berhanu Belay and Aynalem Haile 

(2009), Mukasa-Mugerwa and Lahlou-Kassi (1995)  in southwestern Ethiopia and North Shewa 

(Menz area) respectively. And higher than, Fikrte Ferew (2008) reported AFL of 13.65 months 

for Black head Ogaden sheep in Shinille district around Dire Dawa area. The higher AFL of this 

study in comparison to Black head Ogaden sheep  may be the environmental variation of the 

lowland and the highland. If animal reared in the highland is affected by shortage of grazing land 

and scarcity of feed their reproductive performance will be delayed. BLs have not significant 

effect on AFL an LI of crossbred sheep but as its BLs increase from 25 to ≥43.75% its AFL 

improved from 549 to 515 days and LI from 337 to 294 days. 

4.14.2 Lambing interval 

 

In the present study, 21% of respondents said LI of crossbred sheep was improved after ram 

introduction. The average LI of crossbred ewe was 10.33 months or 310 days with shorter LI of 

9.8 months or 294 days for blood groups 43.75% and above. Shorter LI obtained in this study 

might be the result of free access of rams to ewes.  Tesfaye Getachew et al. (2013) reported  that 

286 days of LI for Awassi crossbred sheep. But LI of the present study was comparable with the 

finding of Fekerte Ferew (2008)  with overall  mean of LI for BHS Sheep was 10.46 ± 2.58 

months, while it was 10.9 ± 2.33 months in Shinile and 10.01 ± 2.77 months in Erer districts. 
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4.14.3  Litter size 

 

Litter size of the present study is presented in Figure 10.  LS of crossbred sheep in the present 

study was 1.14 lower than Addis Gutu et al. (2015) for Bonga CBSBP  the average was 1.75±0.3 

and 1.46±0.5 for cross and local breed females respectively, showing a lower LS among 

crossbreds. LS of crossbred sheep in the present study was  lower  or almost close to one lamb 

per lambing whereas breeds like Horro and Washera are more prolific with LS of 1.35 and 1.2, 

respectively (Mengiste Taye, 2008). Findings like Mekuriaw Shigdaf et al. (2013) reported that, 

husbandry system was a main limiting factor on LS. Many proportions of lambs per flock shows 

higher LS of ewes and this might be increase the intensity of within breed selection and increase 

the numbers sheep population with short period of time.   

 
Figure 10. Reported trend of LS for crossbred sheep before and after introduction of rams  
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local lamb respectively and have not significant (P>0.05).  difference This is due to faster growth 
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weaning practice. Estimated lambs born per ewe per year in the present study area was 0.97 with 

an average litter size of 1.14. According to Tadesse Amare, 2018 report 1.9 lambs born per ewe 
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less (1.3) tiwning ablity of Menz sheep (ESGPIP, 2008).  
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The average RLS of ewes in the present study were 7.82 ± 0.099 and 8.98 ± 0.136 years for 

crossbred and local ewe respectively (Table 18). The result is comparable with Zewdu Edea 

(2008) the average reproductive life span of Horro and Bonga ewes were 7.9 ± 3.1 years and 7.4 

± 2.7 years, respectively and Fikrte Ferew  (2008) also reported RLS of 9.12 ± 1.6 and  8.18 ± 

2.27 in Shinile and Erer districts of local sheep. Higher RLS under extensive conditions is one 

main adaptation traits of tropical livestock.  
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Table 18. Reproductive performances of crossbred sheep under on-farm management condition. 

Source  N AFL Range N LI Range 

Overall 165  531.82±7.833  330-780 98 309.96±4.73 180-405 

Genotype  NS   NS  

25%  85 549.35±10.44 330-780 46 337.43±5.88  200-395 

37.5% 69 547.61 ±12.79 330-750 48 311.53±7.03 180-405 

≥43.75% 11 515.38±30.02 390-750 4 293.75±31.25 210-345 

Parameters Breed N Mean±SE Range 

Weaning age (month) Crossbred lamb 143 3.98 ± 0.063 2-5 

 Local bred lamb 363 4.18 ± 0.055 2-5 

Reproductive life span of ewe (year) Crossbred ewe 165 7.82 ± 0.099 6-10 

 Local ewe 655 8.98 ± 0.136 7-13 

N=Number crossbred sheep; SE=Standard error; AFL=Age at first lambing; LI=Lambing interval; NS =Non-significant or P >0.05 
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4.15 Abortion and Mortality Rates  

 

About 16.4% of the respondents experienced abortion in their flock in the past one year. The 

higher abortion rate of 31.5% occurred in the first two parities than in the later ones (18.5%). The 

result behind this might be due to the incapability of uterus to carry the fetus at a younger age. 

Some respondents believed that eating of linseed, toxic grass, striking by children was the major 

cause of abortion. Haftom Yemane (2015) also reported that toxic plant and brucellosis were the 

main abortion causes for small ruminants in the Tigray region. 

 

Annual MR of sheep in the present study was 20% with average PRWMR of 27.6%. Disease, 

feed shortage and labor shortage were the major constraints for the death of sheep in the study 

area. Abiyot Berhan and Arendonk (2006) reported that MR of 15%, 10.6% and 13% for Menz 

sheep, under on-farm, on-station and uncontrolled breeding situations in Ethiopian highlands 

respectively, which is far lower than the present study. The result behind this might be due to 

breed effect the cross one are less resictance to disease and feed shortage. 

4.16  Body Weight and Linear Body Measurements  

 

Average BW and linear body measurements of crossbred Awassi x Menz sheep at on-farm 

conditions are presented in Table 19. The present result indicates that crossbred sheep in the 

study area attained their mature BW when they had 2 PPI. This is comparable with the result of 

Tesfaye Getachew (2008); he reported that Menz and Afar sheep attained their mature BW 

approximately at 22.5 months of age.  

The overall BW, BLG, HW, CG and BC of Awassi x Menz crossbred sheep in the present study 

were 27.76±0.47kg, 54.07±0.73, 67.81±0.34, 79.51±0.59 cm and 2.43±0.23, respectively. Values 

were significantly increased with dentition but remained the same between sex groups. Tadesse 

Amare (2018) reported higher values of 29.6±1.4, 57.7±0.7, 72.0±3.3, 83.9±2.3 for BW, BLG, 

HW and CG, respectively for Awassi x Wollo highland sheep. This could be due to the smaller 

size of Menz than Wollo sheep.  

 



42 
 

Bodyweight and most body measurements increased at a faster rate from 0PPI to 2PPI after 

which the change in growth and body measurements became relatively small (Figure 11). 

Michael Abera (2013) reported that BW and most linear body measurements became higher for 

indigenous sheep up to dentition class of 3PPI. The effects of sex on BW and other linear 

measurements were not significant (P>0.05), this is because of the fact that most of the males 

were very young and hence lighter in weight than most females. Statistically all linear 

measurments was significantly (P<0.001) affectd by age including BW. Higher  difference were 

obtained between 0PPI and ≥1PPI. 

 

 

  Figure 11. Growth curve of crossbred sheep by dentition class under on-farm condition 
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Table 19. Mean ± SE of BW (kg), BC and other linear measurements (cm) for the effect of age class and sex of crossbred sheep. 

 Mean± SE of Measurements 

Source  N BLG HW CG BC BW 

Over all 491 54.07±0.73 67.81±0.34 79.51±0.59 2.43±0.23 27.76±0.47 

Dentation class   *** *** *** *** *** 

0PPI 250 43.97±0.48
b
 56.76±0.58

b
 68.37±0.62

b
 2.11±0.03

b
 15.72±0.48

c
 

1PPI 36 55.71±0.95
a
 69.26±1.18

a
 80.97±1.16

a
 2.61±0.13

a
 29.06±0.87

b
 

2PPI 26 55.38±0.94
a
 69.63±1.61

a
 81.46±1.09

a
 2.54±0.16

a
 33.41±0.66

a
 

3PPI 51 57.10±0.84
a
 70.82±1.02

a
 82.61±1.07

a
 2.37±0.09

ab
 30.26±0.49

b
 

≥4PPI 128 58.21±0.52
a
 72.59±0.63

a
 84.16±0.60

a
 2.53±0.07

a
 30.37±0.24

b
 

Sex       

Male 169 53.46±0.39 68.28±0.73 81.27±0.43 2.52±0.13 28.12±0.34 

Female 322 54.67±0.22 67.34±0.88 77.74±0.29 2.34±0.21 27.40±0.72 

0PPI = 0 pair of permanent incisors; 1PPI = 1 pair of permanent incisor, 2 PPI = 2 pairs of permanent incisors, 3 PPI3 = pairs of 

permanent incisors, 4PPI= 4pairs of permanent incisor, 
a, b, c

, Means with different superscripts within the same column are 

significantly different; *** = P<0.001 probability level, N = Number of observation, BLG = Body length, HW = Height at wither, CG 

= Chest girth, BC = Body condition and BW = Body weight. 
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4.17 Correlation between Weight and Linear Sizes 

 

Determination of BW and linear body measurements of different sheep breeds and their 

correlations are very important indicators for selection genetically superior animals, breed 

standards and breeding programs for higher production (Younas et al., 2013).  

 All the linear measurements (BLG, HW, CG and BC) had significant (P<0.001) positive 

correlation with live BW. The correlation coefficient varied from 0.62 for BC to 0.82 for BLG 

with the same correlation coefficient for HW and CG. When a separate analysis was done for sex 

and dentition class, the correlation coefficient was higher for males than females, and for 

younger (< 2 years old) than older sheep (Table 20). The higher correlation coefficient for males 

sheep in most cases indicates that the prediction of BW from linear measurements could be done 

more accurately in males than females as there are pregnancy and other effects in males. 

Selection of one or more of these traits may increase in live BW of crossbred sheep populations. 

In particular, BLG and CG could provide a good estimate of BW because they had a good 

correlation with BW and are very easy to measure from live animals.   

The result of regression analysis in the present study shows that the inclusion of BLG alone in 

the model resulted in a higher coefficient of determination (R
2
). The addition of other 

measurements like CG in the model resulted in little change of R
2
; implying use BLG alone 

would be enough for prediction of BW. Besides, measuring BLG is very simple and less affected 

by pregnancy and the amount of wool on the coat. Therefore, BW of crossbred sheep could be 

predicted by equations of BW = -20.99 + 0.92BLG (R
2 

=0.71) for male and BW = -14.11 + 

0.76BLG (R
2 

=0.67) for female sheep. This is different from the equation developed by Tesfaye 

Getachew (2008) where only CG was included for prediction of BW of Menz and Afar sheep 

this shows that CG have highely correlated with BW.   
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Table 20. Pearson correlation coefficient between BW and different linear body measurement of 

crossbred sheep   

Traits  BLG HW CG BC 

Overall  0.82*** 0.79*** 0.78*** 0.62*** 

Sex      

Male 0.84*** 0.79*** 0.83*** 0.68*** 

Female 0.82*** 0.79*** 0.76*** 0.57*** 

Age      

0PPI 0.76*** 0.69*** 0.65*** 0.55*** 

1PPI 0.52*** 0.48** 0.58*** 0.62*** 

2PPI 0.21 0.15 0.25 0.36 

3PPI 0.32* 0.45** 0.48** 0.56*** 

4PPI 0.22* 0.31** 0.30** 0.36*** 

BLG = Body length, HW = Height at wither, CG = Chest girth, BC = Body condition, BW = Body 

weight, * = p < 0.05, ** = p< 0.01 and ***=p<0.001. 

   

4.18 On-Station Study 

4.18.1 Productive performance   

 

Heavier lambs at birth commonly have a faster growth rate and heavier BW at weaning. The 

overall average BWT, WWT, SMWT, PRWDG, and POWDG of Awassi X Menz crossbred 

sheep were 4.00±0.01, 16.32±0.06, 25.18±0.12, 97.58±0.48 and 114.05±1.69g/day, respectively 

presented in Table 21. The effect of genotype on these parameters was significant. Lambs having 

87.5% of Awassi BLs were significantly (P<0.001) heavier at birth than those with lower BLs.   

BWT of 2.5 kg for Menz and 2.4 kg for 25% and 37.5% of Awassi x Menz lambs kept under on-

station conditions were reported by Demeke Haile (2013). Males were superior than females in 

their growth rate and lambs born single were significantly heavier than those born twins. Dams 

with multiple births might not have sufficient milk for their lambs to support better growth.     

According to Tadesse Amare (2018) overall average WWT of Awassi x Wollo highland sheep 

was 13.8±0.5 kg which is lower than the overall average value obtained in the present study. 
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This is because of the difference in BLs of the sheep included in the studies. The effect of season 

of birth on growth performance except for SMWT was significant. Its interaction with genotype 

was also significant implying that the growth performance of sheep with different BLs differed 

in a different season of births. Lambs born during light rainy season had lower growth 

performance than their counterparts born in dry and heavy rainy seasons. This could be linked to 

shortage of feed during the light rainy season.    

   

 

Figure 12. Change in body weight of crossbreds with different blood levels (50, 75 and ≥87.5%) 
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Table 21. Mean ± SE for the main effect of genotype, season of birth, sex, birth type and season by genotype interaction on BWT, 

WWT, SMWT, PRWDG and POWDG of Awassi X Menz crossbred lambs from birth to 180 days of age   

 BWT (kg) WWT (kg) SMWT (kg) PRWDG (g) POWDG (g) 

Source N Mean ±SE N Mean ±SE N Mean ±SE N Mean ±SE N Mean ±SE 

Overall 5250 4.00±0.01 3993 16.32±0.06 1216 25.18±0.12 3990 97.58±0.48 1207 114.05±1.69 

Genotype  ***  ***  ***  ***  *** 

50% 1247 3.32 ±0.03
c
 941 14.64±0.09

b
 328 24.09±1.23

c
 941 87.97±0.83

b
 326 96.96± 19.5

b
 

75% 3358 4.24±0.02
b
 2619 16.72±0.07

a
 778 24.21±1.20

b
 2616 100.32±0.59

a
 772 93.49±19.02

b
 

87.5% 645 4.45±0.04
a
 433 17.52±0.19

a
 110 27.39±1.26

a
 433 103.34±1.64

a
 109 151.80±20.03

a
 

Season of birth  ***  ***  NS  ***  *** 

Dry season 1925 4.14±0.03
a
 1467 15.40±0.12

b
 451 24.87±1.24 1466 87.03±0.69

c
 448 99.83±19.63

b
 

Light rain 2116 3.83±0.03
b
 1609 16.84±0.10

a
 565 25.48±1.22 1608 96.55±0.69

b
 559 123.51±19.37

a
 

Heavy rain 1209 4.12±0.02
a
 917 16.81±0.12

a
 200 25.32±1.23 916 108.78±1.10

a
 200 118.82±19.57

a
 

Sex  ***  ***  NS  ***  NS 

Male 2622 4.06±0.02 2000 16.65±0.08 1213 26.21±0.25 1997 99.98±0.70 1204 117.71±3.89 

Female 2628 3.96±0.02 1993 15.98±0.07 3 24.16±2.38 1993 95.19±0.65 3 110.39±37.8 

Birth type  ***  ***  NS  ***  ** 

Single 4734 4.67±0.02
a
 3654 16.88±0.07

a
 1124 26.41±1.19 3651 99.42±0.59

a
 1116 105.48±18.9

b
 

Twin 516 3.49±0.04
b
 339 15.88±0.18

b
 92 24.06±1.26 339 95.54±1.52

b
 91 122.68±20.1

a
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Table 21. (Continued) 

 N Mean ±SE N Mean ±SE N Mean ±SE N Mean ±SE N Mean ±SE 

Season*genotype  ***  ***  ***  ***  *** 

Dry season*50% 298 3.45±0.05
a
 237 13.86±0.21

d
 88 24.15±1.28

c
 237 78.18±1.41

f
 87 106.51±3.94

bc
 

Light rain *50% 556 3.15±0.04
b
 437 15.03±0.16

c
 176 23.85±1.25

c
 437 87.03±1.06

de
 175 91.89±3.00

bc
 

Heavy rain *50% 393 3.47±0.05
a
 267 14.70±0.20

c
 64 24.16±1.31

c
 267 97.93±1.81

c
 64 97.31±3.83

bc
 

Dry season*75% 1393 4.26±0.02
cf

 1089 15.72±0.10
b
 331 24.46±1.23

c
 1088 89.61±0.81

d
 329 87.28±2.11

bc
 

Light rain*75% 1319 4.05±0.03
d
 1020 17.35±0.10

a
 337 25.96±1.22

b
 1019 101.91±0.86

c
 332 92.81±4.28

bc
 

Heavy rain*75% 646 4.40±0.04
e
 510 17.60±0.15

a
 110 24.78±1.22

c
 509 119.98±1.45

a
 110 88.15±4.11

c
 

Dry season*87.5% 234 4.28±0.06
cef

 141 15.88±0.28
b
 32 29.01±1.40

a
 141 81.82±2.26

ef
 32 116.54±10.49

b
 

Light rain*87.5% 241 4.26±0.06
f
 152 18.63±0.27

a
 52 27.12±1.32

b
 152 109.07±2.62

b
 52 166.28±22.63

a
 

Heavy rain *87.5% 170 4.54±0.07
e
 140 17.96±0.28

a
 26 26.93±1.43

b
 140 114.98±2.81

ab
 26 179.83±25.43

a
 

N = Number of observation; 
a, b, c, d, e, f

 Means with different superscripts within the same column are significantly different; BWT = 

birth weight; WWT = weaning weight; SMWT = six month weight; PRWDG = peri-weaning daily gain; POWDG = post weaning 

daily gain; NS = not significant (P>0.05); ** = P < 0.01 and *** = P < 0.001.
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4.18.2 Fleece yield 

 

Keeping sheep for the purpose of hair production is common particularly in the central highlands 

of Ethiopia. Coarse wool is used for traditional cottage industry to produce blankets, rugs and 

mattresses by the local handcrafts. The average fleece/wool yield of crossbred sheep in the 

station was 0.495±0.0kg per shearing. More fleece yield (0.75 kg) was obtained from 87.5% than 

75 and 50% Awassi x Menz sheep which gave 0.51 and 0.42 kg of fleece, respectively. The 

average fleece weight obtained in the present study is higher than the average fleece weight of 

0.47 kg reported for selected group of Menz sheep (Solomon Gizaw et al., 2006). Sisay Lemma 

et al. (1989) also reported an increase in mean annual greasy wool weights with increasing levels 

of Awassi blood. Season of shearing had a significant effect on fleece yield during dry and light 

rainy season they yield 0.456±0.01 and 0.519±0.01kg wool per sheep pear shear respectively. It 

may be related with feed avilablity. More fleece yield was obtained from male sheep (0.52kg) 

than female sheep (0.46kg). Because of their bigger body size, male sheep produced more yield 

of fleece than females.  

Table 22. Minimum, maximum and Mean±SE (kg) of on-station fleece/wool (kg) production 

performance of Awassi X Menz crossbred sheep 

Source of variation N Minimum Maximum Mean±SE 

Overall 4397 0.10 4.60 0.495±0.01 

Genotype    *** 

50% 3165 0.10 4.00 0.424±0.01
c
 

75% 1138 0.10 4.60 0.513±0.01
b
  

87.5% 94 0.10 3.40 0.751±0.07
a
 

Season of shearing    ** 

Dry  1699 0.10 2.60 0.456±0.01 

Light rain 2698 0.10 4.60 0.519±0.01 

Season*genotype    *** 

Dry*50% 942 0.10 2.60 0.435±0.01
bc 

Light rain *50% 2223 0.10 4.00 0.546±0.01
b 

Dry  *75% 684 0.10 2.20 0.478±0.01
bc 

Light rain*75% 454 0.10 4.60 0.344±0.02
c 

Dry *87.5% 73 0.10 2.00 0.526±0.03
b 

Light rain*87.5% 21 0.20 3.40 1.533±0.22
a 

a, b, c 
Means with different superscripts within the same column are significantly different N = 

Number of observation, *** = P < 0.001 and ** = P<0.01 
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4.18.3 Reproductive performance  

 

The overall on-station reproductive performances (AFL, GL, LI, and LS) of Awassi x Menz 

crossbred sheep are presented in Table 23. The effects of genotype, and its intraction with season 

were significant(P<0.001) on AFL, GL and LS. Females with 87.5% Awassi BLs attain AFL at 

early age than those with lower BLs, Those born in the light rainy season had shorter AFL 

compared with that of females born in other seasons due to differences in feed availability.     

 

The overall AFL was 23.22 months or 696.60 days in Table 23 and there was a significant (P< 

0.001) difference between genotype.  Ewes having 87.5% of Awassi BL had shorter AFL than 

that of ewes having 50% and 75% of Awassi BL. According to Tesfaye Getachew et al. (2013) 

AFL of Awassi crossbred on traditional management system was 553 days. According to the 

report of Mesfin Lakew et al. (2014)  local sheep were faster than Awassi crossbred sheep ewes 

to attain AFL. The longer AFL obtained in the present study could be because of the practice of 

controlled mating system on-station as opposed to uncontrolled mating on-farm. This value is 

even higher than 598 days reported for Menz ewes at DBARC (DBARC, 2006). This indicates 

that local ewes could give first birth at an early age than that crossbred ewes. 

  

As presented in Table 23, the overall LI of the present study was 10.20 months or 306.39±1.55 

days, and significantly (P<0.001) affected by the genotype of the ewe. This is higher than 

Zelalem Abate (2018) with  LI of 7.5±0.7and 8.5±1.1 months in the crossbred and local ewes, 

respectively. The result behind this might be due to controlling of ram to mate ewe under the on-

station condition until weaning of the lamb. Parity had a significant effect (P<0.001)  on LI.  

Several studies have found that longer LI  was attained for Awassi crossbred sheep than the local 

sheep breeds (Mesfin Lakew et al., 2014). Ewes in their early parities (1
st
 and 2

nd
 parity) gave 

birth more quickly than those in the 3
rd

 and 4
th

 parity.  The effect of season of birth on LI was 

also significant but its interaction with genotype did not.  The overall GL of the ewe in the 

present study was 152 days which is in line with the recommended GL 144 and 152 days. It was 

significantly affected by genotype, parity and season of birth by genotype interaction presented 

in Table 23. The result behind this might be due for genotype as Awassi BLs increase the size of 

fetous also grow faster and also by avilablity of feed. 
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From the records of 5,250 births, the overall average LS was 1.11±0.004 indicating that the 

twinning rate was about 11%.  LS significantly increased from 1.06 to 1.18 as BLs of Awassi 

sheep increased from 50 to 87.5%. This result revealed that 87.5% had better twining ability than 

50% and 75% crossbred ewes, which were comparable in their twining ability. Unlike that of 

Mesfin Lakew (2014) season did not affect LS in the present study but its integration with 

genotype did. According to Shigdaf Mekuriaw et al. (2013), LS was affected by genotype, 

parity, season, and ewe body weight at breeding. LS of 1.17 for Gumz sheep (Solomon Abegaz, 

2007), 1.36 for Bonga and 1.40 for Horro sheep (Zewdu Edea, 2008) were reported in Ethiopia.  

 

Based on PRWMR of 38.8%, LI of 306 days and LS of 1.11, the ARR was estimated to be 0.73 

lambs per ewe per year. This figure is lower than 1.49 for local and 1.37 for Dorper X local 

crossbred ewes (Mesfin Lakew, 2014) under on-farm management condition. The lower value of 

ARR is expected under on-station condition because of longer LI due to controlled mating 

system. This might be due to lower LS in the present finding and the breeder prolong the time of 

two consecutive lambing time these cause lower ARR. 
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  Table 23. Reproductive performance of Awassi X Menz crossbred sheep at the station 

 AFL (day) GL (day) LI (day) LS 

Source N Mean ±SE N Mean ±SE N Mean ±SE Mean ±SE 

Overall 3328 696.60 3328 152.32 878 306.39 1.11±0.004 

Genotype  ***  ***  *** *** 

50% 828 726.25±5.38
a
 828 151.08±0.67

b
 296 317.79±2.59

a
 1.06±0.01

c
 

75% 2256 739.09±3.91
a
 2256 157.16±0.58

a
 545 304.75±2.03

b
 1.10±0.01

b
 

87.5% 244 624.41±17.2
b
 244 147.67±2.22

b
 37 297.65±8.67

c
 1.18±0.02

a
 

Season of birth  NS  NS  *** NS 

Dry season 952 701.75±10.7 952 153.46±0.94 163 306.34±5.84
a
 1.10±.007 

Light rain 1296 680.71±9.55 1296 154.91±1.34 495 311.19±4.62
a
 1.10±.007 

Heavy rain 1080 707.28±11.6 1080 148.87±1.53 220 301.65±6.45
b
 1.11±.009 

Parity   NA  ***  *** NA 

1   832 148.46±0.97
bc

 348 297.72±4.13
c
  

2   832 154.17±0.97
b
 179 295.11±4.11

c
  

3   832 157.29±1.25
a
 167 324.79±5.52

a
  

4   832 149.84±1.46
c
 184 306.62±4.85

b
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a, b, c, d, e 
 Means with different superscripts within the same column are significantly different; AFS =Age at first service; AFL = Age at 

first lambing; GL = Gestation length; LI = Lambing interval;  LS = Litter size; N =Number of observation; NA = Not available; NS = 

not significant (P>0.05); ** = P<0.01 and *** = P < 0.001. 

 

 

Table 23. (Continued)    

 AFL (day) GL (day) LI (day) LS 

Source N Mean ±SE N Mean ±SE N Mean ±SE Mean ±SE 

Season*genotype  ***  ***  NS *** 

Dry season*50% 300 799.28±6.910
a
 300 153.66±0.97

ab
 94 322.8±3.96 1.05±.015

cd
 

Light rain *50% 20 732.60±7.687
a
 20 150.81±1.43

ab
 53 306.83±5.54 1.03±.009

d
 

Heavy rain *50% 508 671.76±4.204
b
 508 154.76±1.17

a
 149 323.69±5.26 1.07±.013

cd
 

Dry season*75% 1332 762.95±4.68
ab

 1332 157.44±0.84
a
 411 308.67±3.52 1.09±.008

cd
 

Light rain*75% 60 641.40±4.95
cd

 60 152.79±0.98
ab

 37 299.51±4.66 1.08±.009
bcd

 

Heavy rain*75% 864 691.34±4.45
b
 864 157.25±1.08

a
 78 306.06±4.16 1.11±.012

bc
 

Dry season*87.5% 160 672.30±11.35
c
 160 148.49±3.89

b
 30 293.51±16.4 1.16±.024

ab
 

Light rain*87.5% 32 663.50±6.80
cd

 32 146.00±4.14
b 

19 294.61±17.5 1.18±.025
a
 

Heavy rain *87.5% 52 634.46±19.92
d
 52 149.50±3.41

b
 7 304.84±10.2 1.19±.031

a
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4.19 Mortality Rate 

 

Out of the total sheep population of 14,854 available at DSMBIC over the past six years, a total 

of 2448 (16.5%) sheep were died during this time shown in Figure 13. The number of deaths per 

year increased from 8.3% in 2014 to 23% in 2019. Before weaning and after weaning mortaliyies 

were  38.8% and 16.5% and 44.7%, respectively.  The proportion of sheep died during dry, light 

rain and heavy rainy season were 41.50, 38.20 and 20.30% respectively. Maximum death 

(21.30%) occurred on sheep having 75% Awassi BLs during light rainy season and the minimum 

death (2%) on  87.5% during heavy rainy season. The result behind this might be due to number 

of population and related to feed avilablity.  This could be because of the recent high rate of 

deaths of sheep mainly from unknown cases and partly from the maedi-visna disease in the 

station. Besides, there was a high rate of culling recently to replace the base population. The rate 

of annual deaths were higher for 75% Awassi x Menz than those with lower BL. The average 

PRWMR of lambs in the station was 38.8%, which is higher than 16.5% of POWMR (up to 6 

months) obtained in this study.  

 

 Figure 13. Number of sheep available and died by year 
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5 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Summary 

 

The study was conducted to generate information that may contribute towards the understanding 

of the relative performance of Awassi x Menz crossbred sheep under on-station and on-farm 

management conditions. It was conducted in areas where crossbred breeding rams were 

introduced to improve local sheep as well as use data generated at DSMBIC. Sheep were the 

dominant livestock species in the study area with a flock size of 19.18 per HHs. About 24.71% 

of the sheep were crossbred which were progenies of crossbred Awassi x Menz breeding rams 

distributed between the years 2013 and 2019. Currently, only a few of these breeding rams were 

found in the hands of the farmers.  

The primary reasons for keeping sheep for crossbred sheep by the smallholders were to generate 

income and production of meat for consumption. Most of the HHs practiced unimproved 

feeding, breeding, housing, and disease control systems. About half of them supplemented their 

sheep particularly fattening sheep with hay and concentrate. Fattening was done in dry and light 

rainy seasons for a duration of about 3.51±13 months. Most of the sales were done during 

festivals such as Christmas and Easter when prices are high. HHs believed that the number of 

sheep sold increased after the introduction of crossbred rams in the area and hence supported the 

introduction of crossbred rams. They also believed that inbreeding was a serious problem and 

was the major cause of reduced growth, less disease resistance, and reduced reproductive 

performances.  

Average AFL, LI, LS and ARR of crossbred sheep under on-farm conditions were 531.82±7.833,  

309.96±4.73 days, 1.14 and 0.97, respectively. The corresponding values recorded for on-station 

condition were 696.60,  306.39 days , 1.11 and 0.73 respectively.   Average BW, BLG, HW, 

CG and BC of Awassi x Menz crossbred sheep under on-farm condition were 27.76kg, 54.07, 

67.81, 79.51 cm and 2.43, respectively. On the other hand, the average BWT, WWT, SMWT, 

PRWDG, and POWDG of Awassi X Menz crossbred sheep were 4.00, 16.32, 25.18kg, 97.58 and 

114.05 g/day, respectively with higher values for 87.5% Awassi BLs. Males and singles were 

heavier than females and twins, respectively. The MR was about 16.5% under on-station whereas 

it was 20% under on-farm conditions. The results of regression analysis between BW and linear 
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body measurements show that BW of crossbred sheep under on-farm condition could be 

estimated by equations: BW= -20.99 + 0.92 (BLG) for males and BW= -14.11 + 0.76 (BLG) for 

females sheep.  

5.2 Conclusion and Recommendations 

 

The present study confirms that crossbreeding of local (Menz) sheep with Awassi improved 

growth, reproductive and fleece production performance of the crossbred sheep under extensive 

on-farm management systems in Basso district. However, because of the existing unimproved 

feeding, breeding, housing and health control systems of smallholder farmers, the production 

performance of crossbred sheep was lower than the on-station condition and constrained by high 

annual MR (20%) and PRWMR (28%) some how higher than 16.5% mortality at DSMBIC. Not 

more than 10% of the breeding rams were still in the hands of HHs due to lack of awerness for 

the purpose of distribution of crossbred rams. This is due to lack of awearness  about the purpose 

of the crossbred ram. The rest were either sold or died. Some reproductive performance (AFL, LI 

and ARR) of crossbred sheep under on-farm conditions were better than those under the station 

management system. This indicates te presence of serious reproduction wastage in the station as 

a result of poor flock management stystems in terms of feeding, housing and health control.  

Based on this finding of the present study, the following recommendations are forwarded: 

 Farmers should be provided with improved feeding, breeding, housing and disease 

control systems when the crossbreeding progam is implemented in oder to minimize 

mortality and other performance losses.  

 There should be certain incentive mechanisms to minimize the sale of improved breeding 

rams before their mating service year ended.  

 Awareness should be created for the farmers concerning about purpose of breeding rams 

being distributed before distribution/dissemination. 

 Designing and implementing of CBSBP should focus to genetically improve growth by 

improving the management system. 

 The numbers of sheep population in DSMBIC is decreasing from year to year because of 

deaths and other form of culling. This implies the rate of replacement is very low and the 

health controlling system is very inefficient.  Hence, the station should consider frequent 
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replacement of the old flock by the new ones with strict monitoring and controlling of the 

health of the flock.  

 Crossbreeding without intensive selection is of less successful. Apart from the simple 

crossbreeding activity, the station should practice intensive selection program during 

breeding time as well as during purchase of Menz ewes from their breeding habitats. This 

will help the station to exploit the wide within breed variability in growth and survival.  

 Lamb mortality from diseases related to respiration is common in the station and is 

dependent on season. Therefore, in addition to practicing other routine management 

practices, the timing of mating should be done so that it can match with relatively better 

seasons to minimize the problem in the station .   
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7 APPENDICES 

 

 Appendix A: Questionnaire Survey 

Enumerator’s name: ______________________Date:____________ Questionnaire number:____ 

Kebele________________Village__________________Ram ID_______ Ram blood level from 

the station _____ Year introduced____No of rams introduced before Ram alive?______ 

Part I: General information of households 

1. Name of the respondent____________________________Age (years) ______sex ______ 

2. Marital status of respondent A. Married B. Single C. Divorced D. Widowed 

3. Total number of households (number) ______ male_____ female____ 

4. Respondent's educational level A. Illiterate (unable to read and write) B. Reading and writing 

C. Adult education D. Religious school E. Primary (1-8) F. Secondary (9-12) G. Above the 

secondary school 

5. What is your major farming activity? A. Livestock production B. Crop –livestock production 

C. Other (Specify)_________________ 

6. Landholding (in ha)   

 Own                   Rented 

6.1 Total land size_______  __________ 

6.2   Pasture land _______  __________ 

6.3 Cropping land _______  __________ 

6.4 Fallow land ________   _________ 

6.5 Grazing ____________  _________ 

6.6 others (specify) _______________ 

 Numbers of livestock kept record format 

Livestock species  Owned Acquired 

Local breed Crossbreed Local breed Crossbreed 

 Cattle                                                                      

Sheep                                                                     

Goat                                                            

Chicken     

Donkey     

Mules     

Horse     
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 2. Crossbred sheep flock status recording format over the last one year 

Sheep type  Age BL 
Number sold over 

the last 1 year 

Number died over 

the last 1 year 

Number given over 

the last 1 year 

Ewe  
 

 
  

Ram  
 

 
  

Ewe lambs  
 

 
  

Ram lambs  
 

 
  

Lambs      

 Crossbred and local sheep flock structure recording format 

Part III: Breeding practices 

1. Ewes in your sheep flock before the introduction of crossbreed ram?  

A. Always give twin birth   C. Rarely give twin birth 

B. Mostly give twin birth   D. Mostly give single birth E. Always give single birth   

2. Ewes in your sheep flock after the introduction of crossbreed ram?  

A. Always give twin birth  B. Mostly give twin birth  C. Rarely give twin birth  

D. Mostly give single birth  E. Always give single birth  F. Rarely give triple birth   

 3. Do you know about the inbreeding problem? A. Yes B. No 

4. If yes, what the symptoms ___________________________________________ 

5. Did you observe the inbreeding problem in your sheep flock? A. Yes B. No 

6. If yes, how the severity is? A. Very critical B. Critical C. Bearable D. Easily manageable 

7. What would you usually do when ram born in your flock? 

A. Sell them before they mature  B. Keep them for breeding for one year  

C. Keep them for breeding for more than one year’s D. Keep them for fattening for some time E. 

Others  

8. Do you have crossbred ram in your flock? A. Yes  B. No 

9. If no who keep the crossbred ram and how you decide ______________________________? 

Crossbred sheep breed Local sheep breed 

Sheep category Number owned Sheep category Number owned 

Ewes  Ewes  

Ewe lamb  Ewe lamb  

Rams  Rams  

Ram lambs  Ram lambs  
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10. Are your newborn lambs ear-tagged:  

A. Always B. Mostly C. Rarely D. Not at all 

11. Number of sheep ear-tagged in your sheep flock _______ 

12. How often would you keep record performance of sheep born in the flock (characteristics 

and pedigree)?  A. Always B. Most of the time C. Rarely   D. Not at all 

13. Do you keep a record of expenditures on and income from sheep keeping? 

A. Yes, always B. Yes, most of the time C. Yes, rarely D. Not at all 

14. If you don’t keep the record, what is the reason? 

A. I don’t see the advantage B. All household members cannot read and write 

C. It is time taking   D.  Other reasons __________  

15. Do you see improvement in LI between after and before the introduction of crossbred ram? 

A. Yes B. No C. I don’t know 

16. If yes, do you believe that is due to the sheep breeding program based on the crossbred ram 

in this community? A. Yes B. No B. Not sure 

17. How often did you use the crossbred ram given by DSMBIC over the last years? 

A. Always B. Sometimes C. Very rarely 

18. How much agree or disagree if I say that best-crossbred ram is crucial for sheep breed 

improvement? A. Strongly agree B. Agree C. Neutral D. Disagree E. Strongly disagree 

19. Body size of newborn sheep in your flock after the introduction of crossbreed ram:  

A. Showed improvement B. No change C.  Decreased  

 20. Wool yield from your sheep flock after the introduction of crossbreed ram:  

A. Increased B. showed no change D. Decreased 

21. Mothering ability of Crossbred ewes in your flock?  A. Showed improvement B. Showed no 

change C. Deteriorated 

22. Average weaning age of crossbred lamb and local lamb in your sheep flock in months: ____    

and _____ respectively. 

23. Reproductive life span of your crossbred ewe__________year? 

24. Reproductive life span of your local ewe__________year? 
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Part IV: Feeding practices  

1. Do you usually give supplementary feed to your sheep? A. Yes B. No 

2. If yes, do you give different supplementary feed for different categories of your sheep  

(ewes, lambs, rams)? A. Yes B. No 

3. Do you feed different feeds for a different breed of sheep? A. Yes B. No 

4. Do you practice sheep fattening ___________? A. Yes B. No 

5. If your answer is yes for question no 4, how many times sheep fattening is done per year? A. 

One B. Two C. Three D. Four and above 

6. Number of sheep fatten per cycle________________ 

7. If your answer is yes for question no 4, which categories of sheep do you fatten? A. Older 

males B. Older females C. Castrates D. Young males E. Young females F. Culled young males 

G. Culled Young females 

8.  Can you tell us the type of feed resources you use to fatten sheep? 

A. Naturel pastures C. Concentrate B. Crop residues D. Others (specify) 

9. At which periods of the year do you commonly fatten sheep? ___________ 

  Fattening practices 

Season                      Fattening duration (month)                  Reason 

Dry season                        

Light rainy season                        

Heavy rainy season                        

 

10. Average selling price of fatten ram ____Birr. Maximum _____Birr; Minimum____ETB.  

11. Which breed is preferred for fattening? A. crossbred B. Local  

12. Why? __________________________________________________________ 

13. What type of feed resources do you use to fatten sheep? 

A. Naturel Pasture B. Crop residues C. Concentrate D. All E. Others (specify) ____   

14. Do you think crossbreeding is advantageous for fattening? A. Yes B. No C. Not sure 

15. Do you manage both local and crossbred sheep similarly? A. Yes B. No 

16. Do you think crossbred are less resistant to drought/low-quality feed/ than locals? 

A. yes  B. No  C. No difference  
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Part V: Marketing information and Purpose of keeping sheep 

1. When would you usually sell your sheep? 

A. Any time they are matured B. When need arises C. Targeting festival seasons D. Others ____ 

 2. Which sheep category would you usually target when you have to sell? 

A. Breeding ram B. Ewes C. Ram D. Ram lambs E. Ewe lambs (young) F. Old ewes 

3. Do you buy in some sheep to your flock for fattening purposes? A. Yes B. No 

4. Do you think the number of sheep sold from your sheep flock increased after the introduction 

of crossbred ram? A. Yes B. No C. Not sure 

5. At what age do you sell the newborn crossbred rams after the introduction of ram? ____years. 

6. What would you say about income gained from the sale of sheep and sheep products after 

crossbreeding started? A. Improved significantly B. No change C. Decreased 

7. If your income from sheep production increased after crossbreeding started, it is 

A.  Due to improvement in the sheep breed B. Partly due to breed improvement  

C. Just due to the increase in the price of sheep over years D. Not easy to tell E. Other ________ 

8. Consumption of sheep meat in the household after the introduction of crossbreed ram:  

A. Increased B. Decreased C. No change 

 Purpose of keeping sheep recording format 

Purpose Rank Purpose Rank 

Meat  Skin  

Milk  Savings  

Wool/hair  Income  

Tail fat  Dowry  

Ceremonies  Wealth status  

Blood  Manure  

Shearing:  

1. Average number of shears per year ___________ 

2. Shearing season ____________________ 

3. Average fleece production per shear per sheep (if you measure) _____________ kg 

4. Preferred wool color 1. ________________ 5. Why? _______________ 

                                      2. ________________          __________________ 
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6. Less preferred color 1. _______________ 7. Why? _______________ 

                                    2. _______________                  _______________ 

Part VI: Technical support    

1. Have you ever been trained on sheep husbandry and management practices? A. Yes B. No 

2. If yes, by whom?  A. Researchers B. District extension C. ICARDA/ILRI E. NGO F. other__ 

3. Have you been trained on record-keeping of your sheep (newborn) after the introduction of 

crossbreed ram?  A. Yes B. No 

Part VII: Housing and Housing materials 

1. Do you have separate housing for sheep? A. Yes B. No 

2. Do you keep younger lambs with the flock overnight? A. Yes B. No 

 Housing materials for sheep in the study area recording format 

Housing materials Roof  Wall  Floor 

A. Iron sheets 
   

B. Grass/Bushes 
   

C. Wood 
   

D. Stone 
   

E. Concrete 
   

F. Earth/mud 
   

G. Others ________ 
   

Part VIII: Health management 

1. What are the major sheep diseases that occur frequently in your area?  in order of importance. 

Disease Clinical signs 

1.  

2.  

3.  

2. Do you have access to veterinary services? A. Yes B. No  

3. If yes, which type of veterinary service you accessed? 

A. Government veterinarian B. Private Veterinarian C. NGOs D. CAHWs 

4. Do crossbred sheep frequently affected by the disease more than locals?   

A. Yes   B. No   C. no difference 
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Part IX: Sheep production constraints  

 Main constraints for sheep production? (Rank with significance) 

Constraints Rank 

Drought  

Feed shortage  

Water shortage  

Disease  

Predator  

Market  

Labor shortage  

Lack of superior genotypes  

Others (specify)  

 Life history questionnaires for crossbred breeding ewe 

Questionnaires  Ewe number 

1 2 3 4 5 

Blood level      

Born or acquired?      

Age when acquired (if acquired)      

Age at present       

No of lambs delivered up to now (alive + died)      

No of lambs at 1
st
 lambing       

No of lambs at 2
nd

 lambing       

No of lambs at 3
rd

 lambing       

No of lambs at 4
th

 lambing       

At what age did the ewe deliver for the 1
st
 time       

Month and year of 1
st
 lambing       

Month and year of 2
nd

 lambing       

Month and year of 3
rd

 lambing       

Month and year of 4
th

 lambing       

Total No of lambs died from the ewe (if any)      

At which lambing did the lambs die (if any)      

At what age did the lambs die (if any)      

Did the ewe have an abortion before? (if any)      

At which lambing did abortion occur? (if any)      
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 Appendix B: Different tables  

  

Appendix Table 1. On-farm body weight and linear body measurement recording format for crossbred sheep 

No.  Sheep type BL Age/dentition Sex  BLG  HW  CG  BC BW (Kg) 

1  
 

   
   

  

2  
 

   
   

  

3  
 

   
   

  

4  
 

   
   

  

5          

6          

BL= Blood level, BLG= Body Length, HW= Height at Withers, CG= Chest Girth, BC=Body condition and BW = Body weight 

  Appendix Table 2. Growth trait measurements recording format at DSMBIC 

 

BL = Blood Level, BD = Birth Date, BW = Birth Wight (kg), WWT = Weaning Wight(kg), WD = Weaning Date and PRWADG = 

Daily Wight gain(g)

 

PEDIGREE 

 

LAMB DETAILS 

 DAM SIRE Tag No Breed

  

BL Sex BD BW 

 

Weaning PRWADG 

No Tag No Breed BL Tag No Breed BL 

WWT WD 

1                

2                

3                

4                

5                

6                
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Appendix Table 3. Date of ewe mating (AFS) recoding format at DSMBIC 

Date of mating started____________ 

Date of mating ended____________ 

ID of ram______________________ 

 Breed of ram 

SN Dam ID Genotype Ewe mating date Signature of sheep keeper 

1   1
st
 day 2

nd
 day ----- -----  

2        

3        

4        

5        

6        

7        

8        

9        

10        

11        

12        

13        

14        

 

Appendix Table 4.  Description of linear body measurement for each sample sheep 

 

Measurements  Description 

Body length (BLG)  
The horizontal distance from the point of shoulder to the pin bone 

to the nearest centimeter 

Height at wither (WH) 
The  height  from the bottom of the front foot to the highest point of the 

shoulder between the withers 

Chest girth (CG)  
The circumference of the body  immediately behind the shoulder blades 

in a vertical plane, perpendicular to the long axis of the body 
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Appendix Table 5. Nutritional content and feeding of different sheep type at DSMBIC   

 

Sheep 

type 

Measure

ment 

Quant

ity 

ME/MJ/

g 

Cp% CF% Moist

ure % 

Ash% Ca% Na% Cu mg/kg Zn 

mg/kg 

Fe 

mg/kg 

Mg 

mg/kg 

Antioxi

dant 

Ewe Quintal 839 10-12 16-20 9-11 9-11 6-7 1-2 0.3-0.5 20-30 75-90 320-350 20-25 Added 

Lamb Quintal 110 11-12.5 17-21 6-7 10-11 5-7 1-1.5 0.2-1 6-8 59-60 295-320 20-25 Added 

Young   Quintal 125 10-12 18-22 10.5-12 9-10 6-7 1-1.6 0.5-0.9 25-30 80-90 340-350 18-22 Added 

Ram Quintal 60 9-11 18-23 15-20 9-11 10-11 1-1.6 0.5-0.1 25-30 80-90 340-350 18-22 Added 

ME =Metabolizable energy, MJ =Mega joule, CP =Crude protein, CF =Crude fiber, Ca =Calcium, Na = Sodium, Cu =Copper, Zn 

=Zink , Fe =Iron and Mg =Magnesium  

Appendix Table  6. Way of body condition score descriptions  

 S Condition  Features 

0 Starving  
Extremely emaciated and on the point of death. It is not possible to detect any muscle tissue between the skin and 

the bone. 

1 Very thin Backbone prominent and sharp, ends of short ribs are sharp, easy to press between, over and around 

2  Thin  Backbone prominent but smooth, short ribs are well-rounded ends can feel between, over and around smoothly 

3  Average  
Backbone can be felt but smooth and rounded, short ribs ends are smooth and well covered and felt with firm 

pressure 

4  Fat  Backbone detected with pressure on the thumb, individual short ribs can be felt with firm pressure 

5  Obese  Backbone can be felt with firm pressure and hard to felt short ribs even with firm pressure 

S = Score 
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Appendix Table 7. Sample ANOVA for BW and linear measurements for the effect of sex   

Dependent Variable Source DF Mean Square F Value Pr > F 

BLG Population 1 45.989  0.511  0.675  

 Error 489 90.038    

HW Population 1 26.665 0.217  0.641  

 Error 489 122.817   

CG Population 1 5.305 0.042  0.838  

 Error 489 127.256   

BC Population 1 4.378 0.076  0.092  

 Error 489 0.381   

BW Population 1 25.560 0.284  0.594  

 Error 489 89.897   

 

Appendix Table 8. Sample ANOVA for BW and linear measurements for the effect of genotype   

Dependent Variable Source DF Mean Square F Value Pr > F 

BLG Population 3 2025.582 25.961  0.000  

 Error 487 78.025   

HW Population 3 2331.526 21.387  0.000  

 Error 487 109.014   

CG Population 3 2415.370 21.392  0.000  

 Error 487 112.911   

BC Population 3 1.634 4.286  0.005  

 Error 487 0.381   

BW Population 3 2719.751 36.971  0. 000 

 Error 487 73.565   
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 Appendix C: Some ANOVA Tables 

Appendix Table 9. ANOVA for BWT of Awassi crossbred sheep for the effect of genotype, sex, 

birth type, season and season by genotype 

Source DF Type III SS Mean Square F Value Pr > F 

Genotype 2 797.8785544 398.9392772 549.02 <.0001 

Sex 1 21.4893308 21.4893308 29.57 <.0001 

Birth type 1 310.8914503 310.8914503 427.85 <.0001 

Season 2 69.6492114 34.8246057 47.93 <.0001 

Season by genotype 4 6.7839120 1.6959780 2.33  0.0500 

Error 5230 3800.337732 0.726642   

 

 Appendix Table 10.  ANOVA for WWT of Awassi crossbred sheep for the effect of genotype, 

sex, birth type, season and season by genotype 

Source DF Type III SS Mean Square F Value Pr > F 

Genotype 2 4472.286244 2236.143122 211.99 <.0001 

Sex 1 502.302735 502.302735 47.62 <.0001 

Birth type 1 764.724893 764.724893 72.50 <.0001 

Season 2 1600.236115 800.118058 75.85 <.0001 

Season  by Genotype 4 226.207913 56.551978 5.36 0.0003 

 

Appendix Table 11. ANOVA for 6MWT of Awassi crossbred sheep for the effect of genotype, 

sex, birth type, season and season by genotype 

Source DF Type III SS Mean Square F Value Pr > F 

Genotype 2 944.5516240 472.2758120 28.40 <.0001 

Sex  1 2.5926309 2.5926309 0.16 0.6930 

Birth type 1 61.8793517 61.8793517 3.72 0.0539 

Season  2 25.3654126 12.6827063 0.76 0.4666 

Season by Genotype 4 305.4159224 76.3539806 4.59 0.0011 
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Appendix Table 12. ANOVA for PRADG of Awassi crossbred sheep for the effect of genotype, 

sex, birth type, season and season by genotype 

Source DF Type III SS Mean Square F Value Pr > F 

Genotype  2 181064.9610 90532.4805 121.11 <.0001 

Sex  1 28454.6966 28454.6966 38.06 <.0001 

Birth type  1 56815.8726 56815.8726 76.00 <.0001 

Season  2 288354.6294 144177.3147 192.87 <.0001 

Season by Genotype 4 29475.1806 7368.7952 9.86 <.0001 

 

Appendix Table 13. ANOVA for POWADG of Awassi crossbred sheep for the effect of 

genotype, season and genotype by season   

Source DF Type III SS Mean Square F Value Pr > F 

Genotype  2 293936.8596 146968.4298 35.11 <.0001 

Sex  1 161.0678 161.0678 0.04 0.8445 

Birth type 1 23940.3427 23940.3427 5.72 0.0169 

Season  2 70833.9547 35416.9773 8.46 0.0002 

Season by Genotype 4 63704.7609 15926.1902 3.80 0.0044 

Appendix Table 14. ANOVA for LI of Awassi crossbred sheep for the effect of genotype, 

season, parity and genotype by season.   

Source DF Type III SS Mean Square F Value Pr > F 

Genotype  2 59503.01251 29751.50625 14.12 <.0001 

Season  2 16048.21619 8024.10809 3.81 0.0225 

Parity  3 88993.96163 29664.65388 14.08 <.0001 

Season by Genotype 4 9170.28640 2292.57160 1.09 0.3612 

Appendix Table 15. ANOVA for AFL of Awassi crossbred sheep for the effect of genotype, 

season and genotype by season.   

Source DF Type III SS Mean Square F Value Pr > F 

Genotype  2 725069.9686 362534.9843 21.67 <.0001 

Season  2 62720.6741 31360.3370 1.87 0.1537 

Season by Genotype 4 27863.9128 6965.9782 0.42 0.7969 
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 Appendix D:  Figures 

 

   

 Appendix Figure 1. Awassi X Menz crossbred sheep at grazing field of Bassona Worana district 
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Appendix Figure 2. Crossbred lambs at DSMBIC on grazing field (left) and concentrate feeding 

in the barn (right) 

   

 

Appendix Figure 3. Pure Awassi ram, ewe above and crossbred ewe below at DSMBIC 
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Appendix Figure 4. Linear body measurement for each sampled crossbred sheep 

 

    Appendix Figure 5. Pictorial presentation of dentition class for sheep for age determination 
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