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SOME GENETIC AND NON-GENETIC FACTORS INFLUENCING FERTILITY OF 

DIFFERENT SHEEP BREEDS IN HIGHLAND OF NORTH-SHEWA, ETHIOPIA 

 

                                         BY, SHENKUTE GOSHME  

ADVISORS: SANDIP BANERJEE (PhD), MOURAD REKIK (PhD) and AYNALEM 

HAILE (PhD) 

Abstract 

The study was conducted at Debre Birhan Agricultural Research Center, with the aim to study some 

genetic and non-genetic factors influencing fertility of rams. Semen quantity and quality related traits 

were evaluated for 18 rams; 6 each of Menz, Dorper and Awassi x Menz (AxM). The fertility study 

encompassed those of 155 rams mated to 14357 ewes over several years, seasons, locations, parities 

and genotypes. Data were obtained from Amedguya Sheep Breeding and Multiplication center 

(ASBMC), Debre Birhan Sheep Breeding and Multiplication center (DBSBMC) and Debre Birhan 

Agricultural Research Center (DBARC).The data on the fertility of the rams and genetic and non-

genetic factors influencing the same were analyzed using non-parametric tests. While, the effects of 

genetic and non-genetic factors (body weight, body condition, scrotal circumference, libido and 

season) and their effect on some semen parameters viz. volume, color, mass motility concentration, live 

spermatozoa and abnormal spermatozoa, were analyzed using GLM of SAS (9.0).  Animal model were 

used for the estimation of genetic parameters and sire ranking based on their breeding value estimates 

using WOMBAT
®
. The overall least square means for body weight (BW), body condition (BC), scrotal 

circumference (SC), libido, color, semen volume, semen concentration, semen mass motility, 

percentage of live sperm cell and percentage of abnormal spermatids were 58.9±0.5, 4.01±0.06, 

30.4±0.13, 3.7±0.06, 2±0.034, 0.92±0.04, 3.34x10
9
 ±0.13, 3.4±0.08, 83.87±0.26 and 9.41±0.36 for 

AxM rams, the corresponding values for Dorper rams were 74.4±0.58, 4.48±0.07, 32.3±0.15, 

3.3±0.07, 2.1±0.036, 1.14±0.04, 4.1x10
9
 ±0.14, 3.18±, 83.6±0.27 and 10.04±0.38 and 41.7±0.49, 

3.65±0.06, 28.8±0.13, 3.2±0.05, 2.3±0.03, 0.7±0.04, 2.44x10
9
±0.13, 3.17±0.08,  84.65±0.25 and 

6.78±0.35 for Menz rams respectively. All semen quality traits were influenced by genotypes and 

season, while mass motility of semen was similar across the genotypes. The correlation between 

volume and concentration of semen was 0.69, 0.86 and 0.78 for AxM, Menz and Dorper respectively. 

The fertility traits of Awassi, AxM, Menz and Dorper rams were 45.44 53.36, 84.85 and 70.62% 

respectively. Fertility traits among the Menz rams was not influenced by season contrary to the same 

for the Awassi, AxM and Dorper rams. Heritability estimates for fertility of Awassi, Menz and Dorper 

rams were 0.1, 0.41 and 0.46 respectively, which was grossly overestimated for the latter two breeds.  

This can be ascribed to small sample size of the flock. It can be concluded that, Awassi rams and A x M 

had lower fertility across seasons and location studied. These indicated that further investigation 

would be needed to identify the cause of low fertility across the genotypes and identifying candidate 

gene/s responsible for fertility traits and the levels of inbreeding need to be assessed.  

 

Key words: Awassi, Dorper, Menz, Awassi cross Menz, ram fertility, seasons, semen quality traits 

and heritability.  
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1. Introduction 

 
Small ruminant specially, sheep are important for the subsistence, economic and social 

livelihood of small holder farmers in the developing countries and those residing in highlands 

of Ethiopia are no exception (Solomon et al., 2013; Mueller et al., 2017).Traditionally the 

sheep were/are selected for their adaptive traits which compromised with their productive, 

reproductive functions and existing environment (Solomon et al., 2008; Kosgey and Okayo, 

2007). The overall improvement of the livestock is best sustained through within breed 

selection (Kosgey and Okeyo, 2007; Solomon et al., 2009, 2011; Philipson et al., 2011). 

However, the genetic improvement through within breed selection are a slow and tedious 

process and the other method of improvement can be through crossing them with some 

improved breeds (Solomon and Tesfaye , 2009; Tesfaye et al., 2013, 2016).  

Crossbreeding by using fast growing temperate sire lines has been suggested as rapid ways of 

breed improvement and such programs have been initiated in the past in many parts of the 

tropics and Ethiopia being no exception. These projects were initiated to improve the 

production and reproduction traits among the indigenous genotypes. However over the years 

several attempts of crossbreeding have not met with their appropriated goals as the introduced 

breeds were not adapted to the prevailing agro climate/s (Philipsson et al., 2011). The 

performance of the crossbreds at the farmers end are much below what was obtained on 

station studies , the traits which are adversely influenced were those associated with fertility 

(Tesfaye et al., 2013). In Ethiopia several exotic sheep breeds have been introduced over 

decades and Debre Birhan Agricultural Research Station had been established as the focal 

station for sheep research.  Awassi breed was among the sheep breeds which were introduced 

from Israel in the year 1980, 1984 and 1994. They were introduced with an aim to improve the 
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body weight of the Menz sheep (Rummel et al., 2005). Studies by Tesfaye et al., (2016) have 

indicated that the fertility among the Awassi rams reared in Ethiopia was lower than those 

reported from many Middle Eastern countries (Galal et al., 2008). Findings of a study by 

Solomon et al., (2007) indicated that there are around 14 breeds of sheep in Ethiopia, with 

within breed variations for most of the economical traits. The nicking ability of the Menz and 

Wollo ewes with those of Awassi rams have being studied (Solomon and Tesfaye, 20009; 

Tesfaye et al., 2013, 2016). Menz and Wollo ewes are small sized besides that they are poorly 

prolific  (Solomon &Tesfaye, 2009; Tesfaye et al., 2013).  

The aim of selecting the Menz sheep was to access the within breed variations for improving 

their body weight (Solomon et al., 2008, 2009). The selection of the rams was based on their 

fitness which in turn is influenced by inbreeding, fertility and survival related traits among the 

closed nucleus flock (Solomon et al., 2013). The major challenges in the process of selection 

include identification of the genetically superior breeding stock (rams and ewes) and 

estimating the response to selection based on their breeding values of the trait of importance 

(Solomon et al., 2011). However, the underlying bottlenecks of the same are the difficulties 

associated with recording of the performance and reproduction related parameters of the 

animals themselves or their ancestors or progenies (Tesfaye et al., 2013). Besides the pedigree 

of these animals, which in most of the cases are not formally maintained by the reared or 

sometimes are remembered through recall methods thereby compromising on the quality of 

the data (Solomon et al., 2014). Studies by Petrovic et al., (2012) have indicated that the 

fertility related traits are lowly heritable and hence can be improved only through improving 

their management. Thus, in order to improve the weight of the Menz sheep raised in the 

Central highlands of Ethiopia it was decided to upgrade them using Dorper (from South 
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Africa) and Awassi (from Israel). The introduced sheep breeds were reared at two government 

ranches, Debre Birhan Sheep Breeding and Multiplication Center (DBSBMC) and Amedguya 

Sheep Breeding and Multiplication Center. Presently nucleus stock of Awassi sheep are being 

maintained at these ranches with an aim to maintain the pure stock besides the crossbreeds are 

also being developed with Menz ewes as dam lines. The performances of these crossbreds are 

evaluated vis-a-vis those of the Menz sheep for traits such as yearling weight, survival and 

fertility (Solomon and Tesfaye, 2009; Tesfaye et al., 2016). However, it has been recorded in 

several studies that the fertility of the crossbred rams ( Awassi♂ x Menz♀) are/were lower 

when compared to their Menz counter parts (Tesfaye et al.,2013,2016). However, it was also 

recorded that the lambs born from the crossbreds Awassi ♂x Wolo ♀had better nicking abilities 

and had heavier body weights vis-a-vis those of the dam lines (Tesfaye et al., 2013, 2016) 

On farm and on station performances have indicated that the F1 (Awassi ♂x Menz♀) was much 

below the expectations with respect to their fertility traits which varied across the studied 

locations (Tesfaye et al., 2013). The values for the fertility traits for the Awassi rams were 

significantly lower than those reported from the Middle Eastern countries (Mohammed et al., 

2006; Galal et al., 2008). Overall conception rate of the ewes are fallout of several hormonal 

attributes of both the sexes. Among the functions associated with the conception of the ewes 

are those associated with the semen related traits of the rams themselves besides several 

genetic and non-genetic factors  (Foote, 1964; Duguma et al., 2002; Al-Samarrae, 2009; 

Tejaswi et al., 2016). Among the same are the various semen components viz. mass motility 

or individual motility of the sperms, acrosome integrity, the size of head, mid piece, length of 

the trail and other morphological functions associated with the same (Salhab et al.,2003, 

Ababneh et al., 2017) .The overall component of the semen and their fertilizing capacity is 
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influenced by several genetic and non-genetic factors the latter being more important as the 

fertility traits are lowly heritable (Salhab et al., 2003; Mohammed, 2006; Casao 2010; 

Babiker, 2010). Studies by Yavarifard et al., (2015) have indicated that the fertility is also 

influenced by inbreeding among the flock, where the inbred rams have low fertility when 

compared to their non-inbred counterparts. Findings by Shamir et al., (2010) have indicated 

that inbreeding among Awassi sheep of the Ein Harod flock resulted in day blindness reared in 

Israel. Evaluating the performance of the traits particularly those related to fertility of different 

indigenous and exotic breeds of rams at each stage is impudent. Reproductive performance is 

one of the factors which determine the efficiency of the production among the sheep flock/s in 

the cool highlands of north Shewa, Ethiopia. In the region mentioned ahead sheep production 

is important as a means of livelihood and thus selection of rams’ breeds on the reproduction 

trait and pedigree record is essential in sheep breeding program. 

1.1 General objective 

 To investigate the causes influencing the fertility of the different genotypes of rams’ 

breeds.  

1.1.1 Objectives  
 

 To access the effects of season and genotypes on semen traits of rams from Dorper, 

Menz and Awassi x Menz crosses. 

 To estimate some genetic parameters influencing the fertility traits of rams of the 

above mentioned genotypes. 
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2. Literature review 

2.1. Effect of genotype on semen quality parameters 

 
The overall fertility of rams are culmination of both genetic and non-genetic factors (Rege et 

al., 2000; Salhab et al., 2003; Al-Samarrae, 2015; Olah et al., 2013). The reproductive tracts 

of the rams as that of other mammals comprises of several anatomical structures which are 

penis, epididymis, testis, vas difference and other accessory glands. Differences in fertility 

have been reported between rams within a breed and among rams of same ages and across 

breeds. The differences in semen quantity and quality have also been reported to vary across  

breeds managed under similar conditions (Salhab et al., 2003;Al-Samarrae, 2009; Martinet et 

al., 2013;  Casaco, 2010;Babiker, 2010). In line with the above fact the semen characteristics 

of Karradi rams are superior to their Arabi counterparts in terms of volume, mass motility, 

individual motility, concentration and viability of semen (Al-Samarrae 2009). 

 

It has also been reported that differences in the semen quantity, quality and scrotal 

circumference vary across breeds and also among rams of same age within breeds 

(Mohammed et al., 2006).  According to Al-Samarrae, (2015) seminal characteristics of 

Karrabi rams were superior when compared to Arabi rams in aspect of ejaculation volume, 

mass motility, individual motility, sperm concentration and viability. Another report showed 

that differences were reported in quality and quantity of semen; Canadian rams had higher 

seminal volume semen per ejaculation when compared to those of the Finnish Landrace 

(Babiker, 2010).  
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Findings by Olah et al., (2013) indicated the influence of genetics on the semen of ram, in case 

of rams of Barbados black belly breed there was a significant correlation between the mass 

motility (of fresh ejaculate) and its density. Similar results also indicated that the motility 

percent of spermatozoa and the density of ejaculate were also significantly correlated. 

Furthermore, studies have also indicated that in several breeds, viz. Babolna tetra, Tsigai, Ile 

de France and prolific Merino rams there was a significant correlation between the percent 

motility of spermatozoa and the mass motility of the ejaculate (Olah et al., 2010). The higher 

the percent motility is the more vigorous the individual motility. Semen quality, like other 

phenotypic expressions, are influenced by both genetic  and environmental factors and the 

interaction effect of between the two, however the contribution of the genetics is low as the 

traits are lowly heritable  (Foote,1970;Yavarifard et al.,, 2015; Dariusz et al, 2013; Al-

Samarrae, 2015; Martin et al., 2013). Traits such as cryptorchidism are inherited in many 

families of the rams, in the bilateral state no spermatozoa are produced, but normal seminal 

fluid can be ejaculated because of testosterone which can maintain the libido (Babiker, 2010; 

Al-Samrrae, 2015).  However, under such condition the sperm output is approximately half of 

that of the normal, so sperm concentration (per ejaculation) is much lower than their normal 

counterparts (Babiker, 2010; Al-Samrrae, 2015). Studies by Amann, (1970) indicates that the 

size of the testis is highly heritable in chicken and there is a significant correlation between 

size of the testis and sperm output (Van Demark, 1956; Foote et al., 1970; Kridli et al., 2007; 

David et al., 2015; Al-Samarrae, 2015; Mozo et al., 2015; Oláh et al., 2013). 

 

It has also been reported in a study by Kridli, (2006) that semen motility was lower and 

abnormal spermatozoa was higher among the Awassi rams when compared to the Romanov x 

Awassi and Charolaise x Awassi crossbreds. Findings by Land, (1983); Foote, (1964); 
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Milosevic & Stojkovic, (2012); Rodríguez-Martínez, (2013) indicated that testicular size 

among the rams correspond with the ovulation of the ewes within a particular breed. The 

overall average concentration of spermatozoa of Awassi rams from Syria was recorded to be 

4.0 x10
9
 sperm /ml (Salhab et al., , 2003) which was much lower than 4.9 x 10

9
 sperm/ml in 

unimproved Awassi and 4.8x10
9
 sperm/ml improved Awassi rams (Ibrahim, 1997) reared in 

the United Arab Emirates. These values were much higher than those of 2.8 x 10
9
 sperm/ml 

recorded among the Lebanese Awassi rams (AbiSaab and Sleiman, 1987) and 2.2 x 10
9
 

sperm/ml to Iraqi Awassi rams (Asofi et al., 1997). 

 

The concentration of spermatozoa among the Awassi rams was higher than those recorded 

among the various other Iraqi breeds (Asof et al., 1997; Salhab, 2003; Al-Samarrae, 2015). It 

has also been reported that the spermatozoa concentration enhanced till a certain age thereafter 

the concentration decreases (Salhab et al., 2003). However, in another study it was reported 

that the concentration of the spermatozoa was not influenced by either the breed or the age of 

rams (Mandiki et al., 1998). 

 

According to Johansson, (1960) many types of abnormal sperm have been described and some 

types are inherited viz. abnormality of the head, acrosomal integrity and secondary 

abnormalities of the tail. Abnormal distribution of the chromosomes may also be present in the 

spermatozoa which can be recognized as giant sperm with variability in DNA content; these 

are observed to be higher among the spermatozoa from infertile bulls (Leutchenberger, 1960). 

These abnormal variations in sperm morphometric values are lowly to moderately heritable 

(Wolf, 2010; Duguma et al., 2002; Yavarifard et al., 2015).  
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The genetic parameters and the development of molecular biological techniques have led 

many scientists to use candidate gene studies to predict sperm quality traits in bulls (Yang et 

al., 2011; Sang et al., 2011).  

2.2. Non-genetic factors affecting semen quality parameters 
 

There are several non-genetic factors influencing the semen quantity and quality of rams, 

some of the factors include the differences associated with variations in levels of nutrition, age 

of the animals, body weight and body condition of the rams. Age of the rams correlated 

significantly with the scrotal circumference and also semen characteristics (Malejane et al., 

2014). A ram with large symmetrical testes, free of any defect, is likely to produce good 

quality and have high seminal volume (Salhab et al., 2003; Mohammed et al., 2006; Kridli et 

al., 2007) . It has also been reported that there exists within breed differences among the rams 

can be associated with age and method of semen collection techniques like, artificial vagina 

and electro ejaculator the rams and also among flocks raised at different locations (Salhab et 

al., 2003; Hassan et al., 2009; Malejena et al.,2014) 

 

Rams with poor body condition score and different semen collection techniques usually have 

low semen volume /ejaculation and concentration (Mohammed, 2006; Afolayan et al., 2014; 

Oláh et al., 2013; David et al., 2015). The differences in the body weight are usually 

correlated with concentration of sperms, volume of ejaculation and semen 

characters/appearance and mass motility are influenced. Other non-genetic factors that can 

influence the quality of sperms are feeding, housing, diseases and climatic variations. This 

may be ascribed to climatic influences influencing the secretion of  testosterone, these can at 



9 
 

times totally cease the production of spermatozoa or the concentration is lowered drastically 

(Tabbaa.et al., 2006; Maksimović et al., 2016).  

The age of Lacaune rams, Manech tête Rousse rams also influence the concentration of the 

sperms , number of spermatozoa, its volume and motility for volume and motility (Salhab et 

al.,2003; Zohara et al., 2012David et al., 2007). Frequencies of ejaculation/collection too have 

its own influence on the quality and quantity of the semen. Semen if collected frequently or 

even after prolonged duration adversly influence the quality of the semen (Mohammed et al., 

2006; Martin et al.,2013; Mozo et al., 2015; Maksimović et al., 2016). Differences in semen 

volume and sperm concentration across ejaculations have also been reported by several 

authors (Salhab et al., 2003; Al-Samarrae, 2009; Malejane et al.,  2014; Mohammed, 2006; 

Babiker, 2010). Studies by Mohammed, (2006) indicated that higher proportion of viable cells 

was obtained in the second ejaculation after an abstinence of 3 days. 

 

Effect of season on the libido of the rams too have been recorded among the Awassi rams, it 

was reported that Awassi rams have higher libido during autumn while it was comparably 

lower during the springs (Karl et al., 2006; Kridli et al., 2007; Ababneh et al, 2017). 

According to Casao et al.,(2010) seasonality is less marked in rams when compared to the 

ewes, changes in testicular volume, hormonal profile , sexual behavior and semen quality too 

have been reported to vary across seasons. Seasonal variation in testicular morphology among 

different ram breeds subjected to different feeding levels indicated that nutritional factors 

contributed to the difference in the variation (Salhab, 2003; Maljane et al., 2014 ; Ababneh et 

al., 2017; Mozo et al ., 2015; Oláh et al., 2013; Maksimović et al., 2016). 
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Findings of a study by Salhab, (2003) indicated that the volume of ejaculation and 

concentration of spermatozoa enhanced with age of the rams increased but no differences were 

observed in progressive motility of spermatozoa with age increased. The average volume of 

the ejaculation of growing Awassi rams in Jordan was similar to those from Lebanon 

(AbiSaab and Sleiman, 1987). However, the volume of ejaculate was higher among the rams 

reared in Lebanon when compared to those reared at Iraq (Asofi et al., 1997) and also that 

from native rams from United Arab Emirates (Ibrahim, 1997; Al- Samarrae, 2009). The 

differences in the volume of ejaculate might be attributed to differences in breed, the method 

of collecting the ejaculate and the interval between two successive ejaculates besides the age 

of the rams itself (Mohammed et al., 2006).  

 

The motility of spermatozoa collected from Awassi rams, (based on progressive forward 

motility) was reported to be independent of both age and season (Salhab, 2003; Kridli et al., 

2006; Tabbaa et al., 2006; Ababneh et al., 2017). Studies have also concluded that the 

consistency of their semen, libido of the Awassi rams was a seasonal (Kridli et al., 2007). This 

can be further ascertained through uniformity in semen characters and morphology which was 

irrespective of seasonal variations (Salhab, 2003). Furthermore, studies by Salhab, (2003) 

indicated that the motility of the sperms was similar among the Awassi rams reared in Syria 

and Iraq while it was lower among the Awassi rams raised in Lebanon (AbiSaab and Sleiman, 

1987). However, the observations are contrary to the findings of Dachenx et al., (1981) and 

Mandiki et al., (1998) who reported that the motility of the spermatozoa differed across breeds 

and also differed across seasons.  
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The rate of motility (of the sperms) peaked during the breeding season and declined thereafter 

in non-breeding season (Babiker, 2010; Zohara et al., 2014; Martin et al., 2013; Malejane et 

al., 2014; Oláh et al., 2013; David et al., 2015). It was also revealed that under tropical 

climate, adverse environment influences sperm motility, its concentration and numbers per 

ejaculation (Babiker, 2010). It was also reported in studies by Talebi et al., (2009) and 

Malejane et al., (2014) that among the Dorper rams differences in sperm motility varied across 

the collection techniques i.e artificial vagina and electro ejaculation, the differences were 

observed irrespective of the seasons.  

 

Studies further revealed that higher volume of semen and higher motility was observed those 

collected using the artificial vagina technique (Moghaddam et al., 2012; Malejane et al., 2014.  

It was also reported that there were no seasonal differences in motility for semen collected 

using electro ejaculation and artificial vagina (Talebi et al., 2009; Malejane et al., 2014). It 

was also revealed in a study by Zohara et al., (2012) and Malejane et al., (2014) that there was 

seasonal variation in the quality of semen collected from both artificial vagina and electro 

ejaculation. However, no differences in quality of the semen obtained between the two 

collections method (Talebi et al., 2009; Malejane et al., 2014).  

 

High motility of semen correlates with the quality semen, and acceptable fertilizing capability 

and good fertility (Evans and Maxwell, 1987; Salhab, 2003;Fosati et al., 2009; Moghaddam et 

al., 2012;Rodríguez-Martínez, 2013;Malejane et al., 2014).  
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Studies by Malejane et al., (2014) have also indicated that the concentration of semen obtained 

from Dorper rams varied  across the collection techniques with higher concentration obtained 

among the rams whose semen were collected through artificial vagina vis-a-vis those collected 

using electro ejaculation, the observations are consistent across seasons and years. The effects 

of season influenced the concentration of the sperms with the highest values recorded during 

the spring (Matthews et al., 2003; Malejane et al., 2014). It was also indicated in studies that 

there was association between the collection year and season which also influenced the quality 

traits of the sperms (David et al., 2007). 

2.3. Effect of genotype on ram fertility 

 
Fertility of rams and ewes and the rate of conception are important for efficient sheep 

production. However, reproductive traits of the ewes are lowly heritable with low selection 

intensities; thus, improvement through selection is generally low (Duguma., 2002). In contrast 

to low heritability for the reproductive traits of among the ewe , the testicular traits in rams are 

moderately heritable (Mozo et al., 2015).  

 

Genetic correlation has also been reported among the reproductive traits of ewes and rams 

(Mozo et al., 2015). In addition to this several authors (Duguma et al., 2002; Mozo et al., 

2015) have indicated that males with larger testes produce higher volume of semen and 

consecutively higher numbers of sperms ). In order to improve the fertility and genetic merit 

of the flock and to reduce the number of breeding rams, those with superior reproductive traits 

need to be identified besides standards of minimum scrotal circumference corresponding to a 

certain age can be ascertained breed wise. Testicular size as a correlation criteria for the 

selection of the ewes is influenced by the heritability of testicular size, and there is genetic 
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correlation between testicular size and the reproductive traits of the females (Vleck, 2004; 

Rodríguez-Martínez, 2013; Nouman & Abrar, 2013; Al-Samarrae, 2015). According to  

Solomon et al., (2013) selective breeding is expected to reduce the fitness of the animal 

population although it also adversely affects the genetic diversity, particularly among the 

small closed populations. Reduction in fitness may be ascribed to higher selection intensity; 

these are higher among inbred population that of random mating population. Optimum genetic 

gains without increasing the rate of inbreeding can be achieved by adopting appropriate 

selection and mating designs (Solomon et al., 2013).  

 

The low heritability and repeatability of the productive traits of the ewes indicate that selection 

based on a ewes own performance results in slow genetic improvement. Selection for the 

productivity traits of the ewes should be based on the information obtained from the female 

relatives of the ewes or on correlated traits which have high and genetic correlation vis-a-vis 

those of the productivity of the ewes (Foote, 1964; Rodríguez-Martínez, 2013;Dariusz et al., 

2013; Nouman & Abrar, 2013).  

 

According to Solomon et al., (2013) average estimated breeding value for yearling weight of 

Menz lambs increased over the years of selection and average estimated breeding values too. 

It was also influenced by the year of birth while the average inbreeding coefficient remained 

zero for the first few generations and below the acceptable level of 1% in later generations 

(Solomon et al., 2013).  Studies by (Solomon et al., 2013) indicated that while calculating the 

rate of inbreeding (ΔF) (of Menz rams) per generations, accessed by regressing the rate of 

inbreeding on the number of generation number was 0.17%. These results show that optimum 
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genetic progress (on growth) can be achieved with an acceptable increase in the rate of low 

level of inbreeding (<1%/ generation) (Solomon et al., 2013). 

 

Reproductive performance of sheep is influenced by both genetic and non-genetic 

factors(Solomon & Tesfaye, 2009; Dugumaet al., 2002; Tesfaye et al., 2013). Assessment of 

the fertility levels among the Menz sheep was inconsistent over the selection period. However, 

the overall genetic trend was negative, with an average decline in estimated breeding value of 

0.00026% per generation (Solomon et al., 2013). Correlations between coefficients of 

inbreeding and estimated breeding value associated with the fertility of the ewe was assessed 

to be  (−0.023) while it was (0.074) towards the survival of the lambs  (Solomon et al., 2013). 

Findings by Shenkute et at., (2014) also indicated that Dorper crossbreed lambs born from 

improved Menz ewes had better birth and weaning weight. . These observations are consistent 

across all the locations. However in Chiro, the performance of the Corriedale crossbreds was 

comparable with those of the native ewes (Tesfaye et al., 2013).  

 

The effects of location too differed both across years and also within breeds reared within 

particular locations. It was accessed that the  ewes reared in South Wollo had better 

performance when compared to those reared at Menz and Chacha districts , lambing interval 

for Awassi x Wolo crossbred ewes reared in South Wollo (252 days) was comparable with 

those of the from Chacha and Menz (243 and 259 days), respectively. According to a study by 

(Solomon and Tesfaye, 2009; Sisay et al.,2012b;Tesfaye et al., 2013,2016) native breeds had 

higher age at first lambing, lambing interval and number of lambs born per ewe annually vis-

a-vis those of  Awassi x Local crossbred ewes across all the locations. However in South 
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Wollo, Corriedale crossbreds showed comparable performance with those of the reared south 

Wolo local ewes(Tesfaye et al., 2013). 

2.4. Non-genetic factors influencing the fertility of the rams  
 

Performances of crossbreds varied across the studied areas and were influenced by several 

factors including management. Crossbred (Awassi x Menz) lambs under station and farmers 

management outperformed their native (Menz and Wollo) contemporaries in North Shewa and 

Wollo highland areas of the Amhara region. The studies also indicated that Dorper x Menz 

crossbreds performed well under station management compared to Menz. However, it was 

concluded that the dissipation of the crossbreds should be correlated with their performance 

under farmers management (Sisay et al., 2012b; Tesfaye et al., 2013). The effect of the 

location too was significant as the, ewes in South Wollo outperformed those reared in Menz 

and Chacha districts. Lambing interval for Awassi x Local crossbred ewes from South Wollo 

was assessed to be 249.7±18 days was comparable with those of from Chacha and Menz 

which was 279.7±12.1 and 329.4±15.1 days, respectively (Tesfaye et al., 2013).  

 

The research indicates also this performance could allow three lambing in two years which is a 

character of productive ewes in terms of lambing interval. This pointed out that in better 

environment and management Awassi x Wolo ewes could also perform comparable to south 

Wolo breeds in terms of reproductive performance. Better performance in South Wollo might 

be due to the combined effect of adaptability of the native breeds to the prevailing 

management (Solomon and Tesfaye, 2009; Tesfaye et al., 2013). 
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3. Material and methods 

3.1 Description of the study area  
 

The study was conducted at Debre Birhan Agricultural Research Center (DBARC) in the cool 

highland of central northern of Ethiopia which located at latitude of 9
ᵒ 
36’N and longitude 39

ᵒ 

38’E. The area is located at 120 km northeast from Addis Ababa with the altitude of 2780m 

above sea level and the mean annual rainfall of the area ranges from 781-1279mm and the 

minimum, maximum and mean range temperature were 7.3ᵒc, 23.7ᵒc and 2.21-28ᵒc 

respectively and relative humidity 68% (center data). The climate characterized by bimodal 

rainfall consists of long rain season (June-September), short rain season (February-May) and 

dry season (October-January) (Fekadu, 2015).  

 

The season division was according to Fekadu, (2015),  Ethiopian highland has three different 

seasons dry (bega), short rain (belg) and long rain(kiremit). The monthly maximum, minimum 

temperature and average rainfall of the study area during investigation was showed below. 

 

Table1.Metreological data of Debre Birhan Agricultural research center 
 

           

Factors 

2016 2017 

Sep Oct Nov Dec Jan Feb Mar April May Jun Jul Aug Sep 

Max(T) 20.7 19.1 18.2 18.4 19.9 20.4 21.7 22.6 21.8 23.7 21 20.1 19.7 

Min(T) 9.4 9.58 9.4 8.3 7.3 8.1 9.5 10.6 9.8 9.1 8.1 8 8.6 

Rainfall 28.5 15.6 4.4 0.0 0.0 18.7 31.5 8.5 51.9 35.1 214 292 58 

Debre birhan agricultural research center (2017) 
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3.2 Animals and their management  

3.2.1. Animals for semen parameter studies  
 

For semen quality and quantity studies 18 rams of three genotypes included, Menz (n=6), 

Dorper (n=6) and Awassi x Menz (n=6) were used. Awassi breed was not included in semen 

quality and quantity study due to absence of breeding rams in the area.  For each individual 

under study, a record sheet with full details of each parameter along with pedigree information 

was maintained. Ages of the rams were between 3.5 to 5 years (42-60 months) of age and their 

average body weight for Menz, Awassi x Menz and Dorper was 38.4, 52.5 and 65.9kg, 

respectively.  Body condition score (scored on 1 to 5 basis; 1 for very poor and 5 very fat 

(Evans and Maxwell1987) of the rams was 3.25, 3.5, and 3.9 for Menz, Awassi and Awassi x 

Dorper, respectively. Before the actual semen collection date, scrotal circumference of rams 

were 28.5, 29.3 and 32 cm for Menz, Awassi and its cross and Dorper, respectively. Some 

ewes in estrus were used as dummies during semen collection time. During the course of this 

study there were some mortalities among the rams with 2 rams of  Dorper genotypes were lost 

at various stages of the study. 

 

All rams selected for semen quality evaluation were housed in the night at the study area and 

graze during the day with supplementation of commercial concentrate in the morning and at 

night. The house was provided with necessary arrangements for feeding, watering and were 

well ventilated. Feeding of  hay as ad libitum and concentrate based on their body weight 

400g, 500g and 600g for Menz Awassi and its cross and Dorper respectively (The concentrate 

feed had 19.9% crude protein, 79.3% total digestible nutrient. The feeding started before 56 

days of the actual semen collection date. The pedigree animal data from research center and 
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ranch were used for genetic parameter estimation. The rams have been trained on artificial 

vagina (AV) collection method. The artificial vagina was prepared from smooth rubber with 

conical shape meant for small ruminants. 

3.2.2 Genetic and non-genetic factors associated with the fertility studies of 

the rams  

 
A total of pedigreed 155 rams were used to access the genetic parameters associated with the 

fertility of the rams. Fertility of the rams in this case was defined as the percentage of ewes 

lambing among the total numbers of ewes in the flock. The fertility of the rams was assessed 

from the data collected from a total of 14357 ewes mated to the 155 rams. The data were 

obtained from Amedguya Sheep Breeding and Multiplication center (ASBMC), Debre Birhan 

Sheep Breeding and Multiplication center (DBSBMC) and DBARC.  The data pertains to 

several years which varied across the genotypes while for Awassi rams the data pertained to 

records from 2001-2016 whereas for Menz and Dorper 2010-2016 and 2012-2016 

respectively. Awassi, Dorper, Menz, Awassi x Menz and Dorper x Menz breeds were used for 

genetic parameter estimation. The structure of data used for genetic parameter estimation 

included pedigree data (animal identification number, sire, dam), fixed effects (year of birth, 

season of birth, sire breed, ewe breed and location) and a dependent variable (ram fertility). 

The feeding of animals was depending up on the availability of natural grazing land. 

Supplementary feed (commercial concentrate and hay) were required during dry and short rain 

seasons while they were not feeding their animal during long rain seasons. Feeding activities 

were based on the age, sex and weight of animals. 
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3.3 Sample and Data collection 
 

The semen collection was undertaken for a period of twelve months encompassing all the 

seasons. About 393 ejaculations were collected from the rams. Annually the season was 

divided according to the methods suggested by Fekadu, (2015). The parameters to assess the 

quality of the semen were ejaculation volume, color of semen, mass motility of semen, 

concentration of spermatozoa, live spermatozoa, normal and abnormality of spermatozoa. 

Breeding soundness examination like inspection of genital organ (e.g. prepuce, sheath and 

scrotal circumference) was undertaken for all rams. Libido test was assessed based on (Evans 

and Maxwell, 1987) during semen collection and scored in 1 to 5 scales.  

 Excellent (5); when the ram introduce to the room it is spoiling for riding the staff is 

unable to hold it still. 

 Very good (4); the ram mount immediately to the teaser ewe the staff able to control it.  

 Good(3); the ram brought to the teaser sniffs around it and after 1-2 minutes it start 

mount it 

 Poor(2); the ram sniffs around the teaser a few minutes and mounts it within 3-4 

minutes and elapse the artificial vagina repeats mounting during which it ejaculates. 

 Very poor(1); no interest to sniffs and mount 

 

Initially, semen was collected from 18 rams, six (6) from each breed around the end of the 

study some rams was lost from different breeds one from Menz, one from Awassi and its cross 

and two from Dorper. During the course of the semen collection some rams passed out (1 ram 

each of Menz, Awassi and their crosses and 2 Dorper rams) and collection semen was 

continued with thus remaining 14 rams every fortnight for 12 months according to the above 
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mentioned method. The color of semen was scored subjectively by looking and classified into, 

milky, watery, thin creamy, creamy and thick creamy (Evans and Maxwell, 1987). After 

looking the color of the semen was immediately stored at 35°C temperature in a water bath to 

evaluate the quality of the fresh semen included semen volume per ejaculation (Volume/ml), 

fresh sperm motility (score 0-5), sperm concentration and morphology.  

 

Volume of ejaculate was directly measured in a graduated tube and its sperm cell 

concentration was measured using AccuRead IMV Technologies. SA, 232 Spectrophotometer 

(Evans and Maxwell, 1987). Sperm mass motility was estimated subjectively by using phase 

contrast microscope (Scope Technology Scope Photo 3.0.12.). To evaluate mass motility of 

semen using micropipette to take semen and   put a drop of fresh semen on the slide and cover 

with cover slip and seen with the magnification of 10x on the objective lens. The mass 

motility is graded or leveled zero to five (0-5) score based on the intensity of wave motion as 

described by (Evans and Maxwell 1987). According to these methods: 

 

0. Zero; all spermatozoa are immotile (motionless)  

1. Very poor; very few spermatozoa are active about 10% (weak movement around),  

2.  poor (some movement of semen was visible about 20-40% of spermatozoa were live 

but poor motility),  

3. Fair( small, slow moving wave 40-70% of sperm cells were active 

4. Good ( dense, vigorous wave movement 75-90% of sperm cells were active 

5. Very good (cloudy, dense and rapidly moving waves more than 90% of spermatozoa 

were active.   
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The morphology of sperm was assessed using stained slides with Eosin Nigrosin strain The 

ratio of live and dead sperm cells and abnormality of the head, mid and tail had been evaluated 

using phase contrast microscope at the magnification of 100X. Percentage of live spermatozoa 

has been estimated after smearing of fresh semen. Using pipette and putting a drop of fresh 

semen was placed on a pre-warmed microscope slide (35%) and then stained with Eosin-

Nigrosin staining methods and products (Rege et al., 2000). 

 

A drop of Eosin, four drops of Nigrosin and a drop of semen are placed on a clean, grease free 

slide then mix the semen first with eosin and then immediately with Nigrosin stain. Again the 

mixture is taken on the edge of a slide and pulled across the top of another slide leaving a 

smear, thereafter it was air dried  . 200 numbers of spermatozoa are counted under oil 

immersion at a magnification of 100X in different areas of smear and classify them as live 

spermatozoa, normal, head abnormal, mid piece abnormal and tail abnormal sperm(Rege et 

al.,2000) 

. 
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3.4. Statistical analysis  
  

The effect of genetic, non-genetic and their interaction with the sperm quantity and quality 

traits volume, concentration, motility and other parameters libido, body weight and body 

condition of the ram were analyzed by the general linear model and conception of ewes or ram 

fertility was analyzed by chi-square using SAS 9.0 program. Genetic parameters for fertility 

and estimated breeding value were estimated by restricted maximum likelihood (REML) 

procedure using WOMBAT (Meyer, 2006) program.  

The single animal model used to estimate variance components was 

                             Yi = Xibi + Ziai + Wpei+ei 

Where Yi = is a vector of observations,  

bi= is a vector of fixed effects for trait i (year, season location and ewe breed),  

ai= is a vector of random animal effects  for trait i,  

pei= is permanent environmental effects for trait I and non- additive genetic effect  

ei = is a vector of residual effects for trait i,  

X, Z, W= incidence matrix of relating records to fixed, animal and permanent effect 

respectively.  

 

Heritability and repeatability were estimated based on 
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 = additive genetic variance         = heritability  

  
 = phenotypic variance                 

  = permanent environmental variance  

  
 = residual variance = repeatability    

The significance of fixed effects (non- genetic factors and genetic) was tested by least squares 

analysis of variance using general linear model (GLM) procedure of (SAS 9.0) program. This 

model works for all semen quality parameters like, volume of ejaculation mass motility, 

concentration of spermatozoa, live spermatozoa and abnormal spermatozoa.  

 The models are as follows;  

Yijkm = µ + Bi + Sj + Wk + Eijkm 

Yijkm = the dependent variable  

µ= the overall mean 

Bi= the fixed effect of i
th

breed 

Sj= the fixed effect of j
th

 season 

Wk= the interaction effect of k
th

 breed and season 

Eijkm= the residual error 
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4. Results 

4.1 Semen evaluation 

4.1.1 Effect of genotype on semen quality parameters 

 

Least square means for the effect of genotype on the volume, concentration morphologically 

abnormal, mass motility and live spermatozoa are presented in Table 2. There was difference 

in mass motility of the ejaculate, which varied across the genotypes but ejaculation volume 

and concentration of spermatozoa varied (p<0.001) across the genotypes. Percentage of live 

spermatozoa varied (p<0.05) across genotypes. Abnormality of semen was higher (p<0.05) in 

Awassi x Menz and Dorper when compared to than the Menz rams. of the results further 

indicated that abnormality of the sperm head and mid was higher (p<0.05) among the Awassi 

x Menz and Dorper rams vis-à-vis those of the  Menz; whereas tail defects differed (p<0.001)  

among  Menz rams and also differed (p<0.05) across Awassi x Menz and Dorper rams. 

According the site of morphologically abnormal spermatozoa can be classified into headless, 

tailless and coiled were clearly observed. Headless spermatozoa varied (P<0.001) across 

genotypes. The findings indicated that the numbers of headless spermatozoa was higher 

among the Dorperrams followed closely by the Awassi x Menz rams . Tailless and coiled 

abnormal spermatozoa were lower (p<0.0001) was lower among the Menz rams whereas it did 

not differ among the Awassi x Menz and Dorper rams. 
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Table 2: Semen quality parameters (LSM±SE) of different genotypes of rams 
 

Parameters   Genotypes   

 Awassi x Menz(N=131)  Dorper(N=122) Menz(N=139) 

Color  2.0
b
(0.034) 2.1

b
(0.036) 2.3

a
(0.033) 

Volume (ml) 0.92
ab

(0.04) 1.14
a
(0.04) 0.7

c
(0.04) 

Concentration 10
9 

3.34
ab

(0.13) 4.1
a
(0.14) 2.44

b
(0.13) 

Motility (0-5) 3.4(0.08) 3.18(0.09) 3.17(0.08) 

Live sperm (%) 83.87
b
(0.26) 83.6

b
(0.27) 84.65

a
(0.25) 

Abnormality (%) 9.41
a
(0.36) 10.04

a
(0.38) 6.78

b
(0.35) 

          Head 3.2
a
(015) 3.42

a
(0.16) 2.25

b
(0.15) 

          Mid 3.08(0.18) 2.8(0.19)
 

2.5(0.18) 

          Tail  3. 12
ab

(0.15) 3.8
a
(0.16) 1.9

b
(0.15) 

          Headless 2.29
b
(0.18) 3.28

a
(0.19) 1.27

c
(0.18) 

          Tailless 6.4
a
(0.26) 6.8

a
(0.32) 4.5

b
(0.3) 

           Coiled 4
a
(0.26) 4.3

a
(0.27) 2.6

b
(0.26) 

a b c 
Means with different letters for a trait across genotypes are different (p<0.05) 

4.1.2 Effect of season on semen quality traits of different breeds 
 

The effect of season in various ram semen characteristics of different genotypes are presented 

in Table 3.  The results from the study indicate that the color of the semen of the Menz rams 

differed (P<0.05) across seasons with semen of lighter color recorded during the long and 

short rain seasons. The findings show that there was no difference across the genotypes when 

the volume of the semen was concerned. Abnormal spermatozoa’s were higher (p<0.0001) 

among the Dorper, A x M and Menz rams during the long rainy season, while no differences 
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across seasons were observed in volume and motility of semen in all breeds which were 

studied.  

 

Table 3: Semen quality parameters (LSM±SE )of different breeds and different seasons 
 

Variations N 

 

Parameters 

Color   Volume   Motility   conception   Live Abnormal 

Dorper         

Dry 48 2.1(0.05) 1.18(0.07) 3.1(0.12) 4.3(0.2) 84.4
a
(04) 8.5

b
(0.7) 

Long rain 32 2.2(0.06) 1.17(0.08) 3.5(0.15) 4.1(0.2) 82.2
b
(0.5) 13

a
(0.8) 

Short rain 42 2.0(0.05) 0.98(0.07) 3.0(0.13) 3.7(0.2) 84
ab

(0.4) 8.8
b
(0.7) 

Overall  122 2.1(0.04 1.11(0.04 3.18(0.09) 4.1(0.14) 83.6(0.27) 10.04(0.4 

A x M        

Dry 46 2.0(0.1) 0.92(0.03) 3.3(0.14) 3.6(0.2) 85
a
(0.4) 8.3

b
(0.6) 

Long rain 40 1.95(0.1) 0.94(0.04) 3.7(0.15) 3(0.2) 82
b
(0.4) 11.4

a
(0.7) 

Short rain 45 2.02(0.1) 0.91(0.03) 3.2(0.14) 3.3(0.2) 84.5
a
(0.4) 8.4

b
(0.5) 

Overall  131 2.0(0.03 0.9(0.04 3.4 3.3(0.13) 83.87(0.26 9.4(0.36) 

Menz        

Dry 52 2.4
a
(0.1) 0.68(0.09) 3.2(0.07) 2.9

a
(0.2) 84.7(0.41) 6.2

b
(0.5) 

Long rain  40 2.1
b
(0.7) 0.62(0.1) 3.1(0.08) 1.7

b
(0.2) 84(0.46) 8.8

a
(0.5) 

Short rain 47 2.3
b
(0.1) 0.64(0.09) 3.3(0.07) 2.6

a
(0.2) 85.3(0.43) 5.2

b
(0.5) 

Overall  139 2.3(0.03) 0.65(0.04 3.17(0.08) 2.44(0.13) 84.6(0.25) 6.8(0.35) 

a b c  
Means with different letters for a trait across seasons within breeds are different (p<0.05) 
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4.1.3. Association between genotypes and season on semen quality traits 

The interaction effect of breeds and seasons on semen quality parameters are presented in 

table 4. The results indicate that the interaction of breed and season had significant influence 

on semen quality traits. The abnormal spermatozoa  was highest among the Dorper, A x M and 

Menz rams during the long rainy season, while the color of the semen was lowest among the 

Menz rams during the rainy season with no differences across seasons among the rams of the 

other two genotypes. The numbers of live semen were highest among the rams of Dorper and 

A x M rams during the dry and short rainy season while the reverse was true for the abnormal 

spermatozoa which was lower in the long rainy season and across all the genotypes. The 

concentration of semen were highest in rainy season in Menz rams while no difference among 

Dorper and A x M rams in all seasons. 
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Table 4: Semen quality traits (LSM±SE) and its association between genotypes and 

seasons 
 

Variations N 

 

Parameters 

Color   Volume   Motility concentration   Live Abnormal  

Dorper         

Dry 48 2.1
b
(0.05) 1.18

a
(0.07) 3.1(0.12) 4.3

a
(0.2) 84.4(04) 8.5

a
(0.7) 

Long rain 32 2.2(0.06) 1.17
a
(0.08) 3.5(0.15) 4.1

a
(0.2) 82.2(0.5) 13

a
(0.8) 

Short rain 42 2.0
b
(0.05) 0.98(0.07) 3.0(0.13) 3.7

a
(0.2) 84(0.4) 8.8

a
(0.7) 

A x M        

Dry 46 2.0
b
(0.1) 0.92

b
(0.03) 3.3(0.14) 3.6

a
(0.2) 85(0.4) 8.3

a
(0.6) 

Long rain 40 1.95(0.1) 0.94
b
(0.04) 3.7(0.15) 3

b
(0.2) 82(0.4) 11.4

a
(0.7) 

Short rain 45 2.02
a
(0.1) 0.91(0.03) 3.2(0.14) 3.3

ab
(0.2) 84.5(0.4) 8.4

a
(0.5) 

Menz        

Dry 52 2.4
a
(0.1) 0.68

c
(0.09) 3.2(0.07) 2.9

b
0.2) 84.7(0.41 6.2

b
(0.5) 

Long rain  40 2.1(0.7) 0.62
c
(0.1) 3.1(0.08) 1.7

c
(0.2) 84(0.46) 8.8

b
(0.5) 

Short rain 47 2.3
a
(0.06) 0.78(0.09) 3.3(0.07) 2.6

b
(0.2) 85.3(0.43 5.2

b
(0.5) 

 
a, b, c

 Means with different letters for a trait between season and breeds are different (p<0.05) 
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4.1.4 Effect of seasons on breeding of rams 

 
The effect of season on various breeding rams body weight, body condition, scrotal 

circumference and libido of different genotypes are presented in Table 5. Body weight and 

body condition of Dorper rams was higher during long rain seasons while AXM and Menz 

were no differences in body weight and body condition across all the seasons. There were no 

differences between AXM and Menz rams across all seasons on the parameters studied except 

libido on Menz rams which was higher during dry seasons. 

 

The results further indicate that the libido was highest among the Dorper and A x M rams 

during the long rainy season, while the scrotal circumference of the semen was no differences 

across seasons among the rams of all genotypes. 

Some morphology of semen 
 

n  
                                                                              Figure.2. Abnormal and normal tail spermatozoa 

Figure.1. Live/dead spermatozoa 

 

 

 

 

 

 

Dead 

Live         Normal                 
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Table 5: Effect of season on body weight, body condition, scrotal circumference and 

libido of different genotypes of Rams 

Variations N  Parameters    

  Body weight Body condition Scrotal circumference  Libido 

Dorper      

    Dry 48 71.57
b
(0.9) 4.18

b
(0.09) 32(0.27) 2.95

b
(0.1) 

   Long rain 32 78.56
a
(1.13) 4.94

a
(0.12) 32.65(0.34) 3.7

a
(0.12) 

   Short rain 42 75.9
a
(0.99) 4.4

b
(0.1) 32.47(0.29) 3.26

ba
(0.1) 

Overall 122 74.4(0.58) 4.5(0.07) 32.3(0.15) 3.30.07) 

A XM      

   Dry 46 58.4(0.9) 4.02(0.12) 30.06(0.2) 3.3
b
(0.05) 

   Long rain 40 59.87(1) 4(0.13) 30.7(0.22) 4
a
(0.05) 

  Short rain 45 58.36(0.9) 4(0.12) 30.5(0.2) 3.8
a
(0.05) 

Overall  131 58.9(0.5) 4.01(0.06) 30.4(0.13 3.7(0.06) 

Menz      

     Dry  52 41(0.59) 3.7(0.1) 28.7(0.18) 3.2
a
(0.06) 

Long  rain 40 42.4(0.67) 3.4(0.12) 29.13(0.2) 3.1
b
(0.06) 

short rain 47 41(0.53) 3.78(0.1) 28.78(0.19) 3.3
a
(0.06) 

Overall  139 41.7(0.49) 3.65(0.06) 28.8(0.13) 3.2(0.05) 

a b c  
Means with different letters for a trait across seasons within breeds are different (p<0.05) 
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4.1.5. Correlation between different ram semen quality traits 

 

The correlations among various ram semen characteristics of AXM (above diagonal) and 

Menz (below diagonal) are presented in Table 6.The results of the study for the AXM rams 

indicate that the body condition (BC) of the rams is correlated (P<0.0001) with those of 

scrotum circumference (SC) and also libido (LIB). The study further indicates that the SC and 

LIB are correlated (P<0.0001) while it is also correlated (P<0.05) with the motility of the 

sperms. While LIB is also correlated (P<0.05) with the numbers of defective sperms, the 

volume of the sperms and its concentration too are correlated (P<0.0001). The study further 

indicates that the motility (MOT) are negatively correlated (P<0.05) with the numbers of 

defective sperms (DEF), the study further indicates that the numbers of live/dead sperms are 

negatively correlated ( P<0.0001)with MOT .  

 

The results pertaining to the correlation between the traits studied among the Menz rams show 

that the SC are correlated (P<0.0001) with LIB among the rams, similarly the LIB of the rams 

is correlated (P<0.0001) with the concentration of the semen. The results also show that the 

volume (VOL) of the semen and its concentration too are correlated (P<0.0001) besides the 

same the MOT values are also correlated (P<0.0001). The findings also show that the COL of 

the semen was correlated (P<0.01) with MOT of the semen. 
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Table 6:  Correlations between semen characteristics of breeding rams Menz rams 

(below diagonal) and Awassi x Menz (above diagonal)  
 

 BC SC LIB VOL COL MOT CON LD DEF 

BC  0.3
*** 

0.45
*** 

-0.058 -0.16 -0.06 -0.08 0.04 0.002 

SC 0.04  0.42
*** 

-0.1 0.13 0.18
* 

0.05 0.05 -0.08 

LIB 0.1 0.3
*** 

 -0.05 -0.04 -0.17 -0.18 -0.15 0.23
* 

VOL -0.04 0.08 0.16  0.08 0.17 0.69
*** 

-0.01 0.05 

COL 0.13 -0.05 0.16 -0.01  0.17 0.16 0.16 -0.13 

MOT 0.08 0.06 0.13 -0.04 0.3
** 

 0.15 0.06 -0.22
* 

CON -0.04 0.09 0.28
** 

0.86
*** 

0.06 0.07  0.14 -0.07 

LD 0.014 -0.015 0.01 -0.09 0.02 0.02 -0.02  -0.52
*** 

DEF -0.2
 

0.04 -0.07 0.09 -0.07 -0.19 -0.09 -0.15  

*=p<0.05, **=p<0.001 and ***=p<0.0001 

SC = scrotal circumference BC= body condition VOL= volume of ejaculation semen  

MOT= motility CON= concentration   COL=color LIB= libido LD=live and dead DEF=defect  

 

The results pertaining to the correlation between the semen traits of Dorper rams are presented 

in Table 7. The findings show that the BC of the rams is correlated (P<0.05) with the SC and 

defective sperms (DEF), the findings also show that BC is negatively correlated (P<0.05) with 

MOT. The findings show that the SC is negatively correlated (P<0.001) with VOL and CON 

of the semen while it was negatively correlated (P<0.05) with the LIB: While, LIB was 

correlated (P<0.05) with VOL of the semen. The VOL of semen is correlated (P<0.05) with 

MOT and CON (P<0.0001), while it is negatively correlated (P<0.05) with the COL. The 

findings also show that COL of the semen is correlated (P<0.05) with MOT of the semen.  
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The results show that the MOT of the semen was correlated (P<0.05) with the CON of the 

semen, while LD is correlated (P<0.0001) with the numbers of DEF.   

Table 7: Correlation coefficient’s between different semen traits of Dorper rams 
 

 BC SC LIB VOL COL MOT CON LD DEF 

BC  0.26
* 

0.03 -0.09 0.05 -0.18
* 

-0.17 -0.14 0.2
* 

SC   -0.2
* 

-0.33
** 

0.09 -0.09 -0.3
** 

-0.02 0.13 

LIB    0.26
* 

-0.08 0.11 0.14 -0.04 0.2 

VOL     -022
* 

0.18
* 

0.78
*** 

0.01 -0.01 

COL      0.23
* 

-0.04 0.01 -0.06 

MOT       0.22
* 

0.04 -0.15 

CON        -0.1 -0.03 

LD         -0.4
*** 

DEF          

*p<0.05, **p<0.001 and ***p<0.0001 

SC = scrotal circumference BC= body condition VOL= volume of ejaculation semen  

MOT= motility CON= concentration   COL=color LIB= libido LD=live and dead DEF=defect  

 

Figure3. Tailless spermatozoa                       figure 4. Coiled tail and mid piece abnormal spermatozoa 
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4.2. Evaluations of fertility among the rams  

4.2.1. Genetic variability of rams in conception of ewes 

 
Means of different ram’s genotype on conception of ewes and Awassi rams at Debre Birhan 

are presented in Table 8. There was difference (P< 0.05) in conception ewes was significantly 

(P<0.05) affected or influenced by genotype of rams and location. The results indicate that the 

conception of the Awassi rams were higher ( P<0.05) at Debre Birhan (DB) when compared to 

those reared at Menz district (Menz).While, the fertility among the rams raised at DB , 

indicated that it was higher ( P<0.05) among the Menz rams while it was the lowest among the 

Awassi rams. 

 

Table 8: Mean values for conception  of ewes mated to rams of different genotypes 
 

Genotype  Number of  ewes  mated Conception  

Awassi 8320 45.44
d 

Awassi (♂) x Menz (♀) 298 53.36
c 

Menz  666 84.85
a 

Dorper  616 70.62
b 

a, b, c, d 
  P<0.05 , values across genotypes are different  
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4.2.2. Seasonal variability of fertility among the Awassi rams reared across 

different locations 
 

Means of Awassi ram’s on conception of ewes in different location and season are presented 

in Table 9. It transpires from the study that there are differences across seasons (P<0.05) in the 

fertility of the Awassi rams reared in the two locations. The study shows that at Debre Birhan 

and Menz district the fertility was higher ( P<0.05) in the long rainy season while it was 

lowest during the short rainy season, The results also indicate that the fertility was higher at 

Debre Birhan ( during the long rainy season), while the reverse was true during the other two 

seasons.  

Table 9: Fertility of Awassi rams reared at Debre Brhan and Menz districts and across 

different seasons  
 

Season Overall              Location    

  Debre Birhan (N) Con Menz(N) Con  

Long rain 0.56
 

2300 57.74
a* 

1311 53.09
a 

Dry 0.42
 

4454 39.74
b 

1365 48.94
b* 

Short rain 0.35
 

1568 32.72
c 

1778 37.12
c* 

a, b
   P<0.05 values across the columns are different. * P<0.05 values across rows are different 

 

4.2.3. Fertility of Awassi rams in different ewe breeds 

 
Means of ewe breeds on conception of by using Awassi ram are presented in Table 10. The 

results indicate that there were no differences in conception across the genotypes (of the ewes) 

when it came to nicking with the Awassi rams. 
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Table 10: Conception (LSM ± SE) of different genotypes of ewes mated to Awassi Rams 
 

Details Overall     Ewe breed    

  75% A XM  AXM Menz Bonga Awassi Washera 

N  171 3090 8798 212 161 344 

Conception  0.44 0.46(0.03) 0.44 0.44 0.41 0.47(0.3) 0.45(0.02) 

  

4.2.4. Genetic and seasonal variability influencing the fertility of rams  
 

Means of seasons and breed on conception of ewes are presented in Table 11. There was a 

difference (p<0.001) in fertility in overall seasons. Long rain season was higher conception 

(p<0.001) across all the genotypes than the rest of two seasons (dry and short rain). The results 

indicate that the fertility was highest (P<0.05) among the Dorper rams during the long rainy 

season with the values being lowest among the A x M. The study further indicates that during 

the dry and short rainy season the fertility of the Menz rams were higher when compared to 

their counterparts. The fertility in the dry and short rainy season was lowest among the Awassi 

and Dorper rams respectively. When we compare the effects of seasons across the genotypes it 

transpires that the value for the Awassi rams were lower across seasons i.e. from Long rain to 

dry, the A x M rams had lower fertility during the long rains while the values improved during 

the short rainy season. Among the Menz rams there were no differences in fertility across the 

seasons, while there was a sharp decline (P<0.05) in the fertility of the Dorper rams across 

seasons from long rain to the short rain.  
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Table 11: Genetic and Seasonal variability influencing fertility of rams of different 

genotypes 
 

Genotype 

 

Overall   Conception 

  Long rain Dry Short rain 

  N Con (%)   N Con (%)  N Con (%) 

Awassi 44.12 3611 56.05
Xa 

5819 41.9
Yb 

3346 35.6
Yc 

AXM 53.36 75 30.67
Yb 

- - 223 60.99
Xa 

Menz 84.83 - - 101 86.14
W 

565 84.6
W 

Dorper 70.62 451 78.05
Wa 

114 62.28
Xb 

51 23.53
Zc 

Overall  4137 57.99
a 

6034 43.02
b 

4185 42.99
b 

 

 4137 57.99
a 

6034 43.02
b 

4185 42.99
b 

W, X, Y, Z  
Means with different letters are significantly different (p<0.001) across column

 

a b c 
Means with different letters are significantly different (p<0.001) across rows  

4.2.5. Effect of years on Fertility of rams  

 

Means of breeds and years on conception of ewes in different breeds are presented in Table12. 

The fertility (conception of the ewes mated) among the Awassi rams improved across the 

years with the lowest being recorded at 2012 and the highest in 2016. The study further 

indicated that among the Dorper rams the fertility peaked at 2013 thereafter there was a steady 

decline over the years studied. The results pertaining to the fertility among the Menz rams 

were low during the beginning of the study thereafter there was a consistent improvement in 

the fertility across all the years studied. 
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Table 12: Means of fertility of rams in different years and genotype 
 

Genotype Conception                                        Year 

  2011 2012 2013 2014 2015 2016 

Awassi 41.13
y 

35.9
Xd 

33.6
Yd 

40.35
Xc 

50.63
Xb 

43.5
Xc 

58.3
Xa 

Dorper 70.62
x 

- 62.28
Xc 

95.16
Wa 

70.14
Wb 

- 57.96
Xd 

Menz 84.10
w 

77.78
Wb 

88.14
W 

87.83
W 

- 87.04
W 

88.51
W 

Overall   37.9 36.4 43.92 52.7 45.7 62.6 

W, X, Y   
Means with different letters are significantly different (p<0.001) across column

 

a b c 
Means with different letters are significantly different (p<0.001) across rows  

 

4.3. Genetic component 

4.3.1. Estimation of genetic parameters influencing the fertility traits 

 
Estimate of variance components and genetic parameters influencing the fertility of the rams 

are presented in Table 13. The results indicate that the estimated additive genetic variance of 

the Awassi rams was lower than those of the Menz and Dorper rams. The additive genetic 

variance was more or less similar across the genotypes while the phenotypic variance differed 

across genotypes. The result indicates that environmental factors varied across genotypes 

indicating their adaptability towards the studied areas. Repeatability of this trait was too varied 

across genotypes with values from 0.67, 0.38 and 0.66 for Menz, Awassi and Dorper rams 

respectively.  
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Table 13: Estimate of variance components for ram fertility 
 

Genotype  Numbers a


 


p


 


e


 

pe


re


 h

2 

Menz 666 0.012 0.029 0.01  0.01   0.67 0.41 

Awassi 12776 0.01 0.08 0.05 0.02    0.38 0.1 

Dorper  680 0.014 0.03 0.01 0.006       0.66 0.46 

a


, p

,

e


,

pe


,

 re




h

2   
  are; additive genetic variance, phenotypic variance, error 

variance, permanent environmental variance repeatability and  heritability respectively.  

4.3.2. Sire ranking of different breed based on estimated breeding value 
 

The results pertaining to the sire ranking of the different genotypes for the fertility related 

values are presented in Table 14. There was variation in fertility of rams between and within 

breeds of rams. The estimated breeding value ( EBV) of the rams indicated that the values 

were highest for ram number 5076, 3502 and 9391 for Awassi, Dorper and Menz respectively 

, while the lower values were recorded for 4702, 947 and 10746, the differences between the 

higher and the lower ranged being quite high across the breeds  

Table 14: Sire ranking based on estimated breed value (EBV) of fertility trait 
   

Genotypes 

Awassi Dorper Menz 

RID EBV RID EBV RID EBV 

5076 0.11 3502 0.11 9391 0.065 

5074 0.093 11546 0.10 9394 0.065 

5073 0.09 18211 0.09 9446 0.065 

2003 0.08 11852 0.086 10768 0.061 

4702 0.07 947 0.063 10746 0.047 

RID =rams identification number,   EBV=estimated breeding value 
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5. Discussions 

5.1. Evaluation of semen parameters 

5.1.1 Effects of genotypes on semen quality parameters of the rams from 

different genotypes                  

The results as presented in Table 1 shows that there is differences in body weight ( BW) of the 

rams, the BW of the Awassi cross with Menz rams values were lower than those reported by 

Zohara et al., (2014) on Awassi rams. The results also show that the BW of the Dorper rams 

are  comparable with those reported by Malejane et al., (2014) from South Africa, contrary to 

the same the BW of Menz rams are  higher than those reported by Solomon et al., (2009) . The 

differences in BW across the breeds are by large genetic in nature (Falconer, 1989). The body 

condition score (BCS) too varied across the breeds and this too is by large genetic in nature, 

this too is based on genotype by environment (G x E) (Falconer, 1989; Nouman & Abrar, 

2013;  Jawasreh et al., 2012; David et al., 2015).  

 

The scrotal circumference (SC) too is influenced by the breed and therefore rams with low 

body weight have SC which were small (Salhab et al., 2003, Mohammed et al., 2006, Tabbaa 

et al., 2006, Olah et al.,2013). The results also indicate that the libido too varied across the 

breeds. Findings by (Mohammed et al., 2006; Babiker, 2010; Al-Samarrae S.H, 2009, 

2015;Zohara et al., 2014;Maksimović et al., 2016) have indicated that rams with poor or very 

high body condition usually have low libido when compared to those which have an optimum 

body weight. The color of the semen is influenced by the both the breed of the ram but also the 

nutrition it receives (Salhab et al.,2003; Tabbaa et al., 2006), rams reared on good diet usually 
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have semen which are creamy in color, moreover if the semen are not collected regularly or 

are collected very frequently have different color (Martin et al., 2013; Mohammed et al., 2006; 

Tabbaa et al.,2006; Malejane et al., 2014). The volume of semen as recorded in the study too 

varied across the breeds which is in close accordance with the findings of (Mohammed et al., 

2006; Al-Sammarrae, 2009; Olah et al., 2013; Moghaddam et al., 2012). The volume of the 

semen as obtained in the present study was higher than what was reported by (Al-Samarrae, 

2009). The volume of semen in Karradi and Arrabi breeds was assessed to be  0.61ml and 

0.59ml respectively which was comparable with on the findings of Tejaswi et al., (2016) and 

however the volume was lower than what was reported for Ile de France 1.75ml during 

autumn, 1.89ml in the  winter and 1.75 in the spring reported (Oláh et al., 2013). The average 

semen volume of Awassi rams varied from 1.2-1.53 ml (Salhab et al., 2003 and Oláh et al., 

2013) in growing and adult rams.  

 

The volume of semen from Dorper rams as recorded  in this study was similar to what was 

reported by Malejane et al., (2014). The volume of the ejaculate  of the cross breed rams are 

lower than reports of several authors (Salhab et al., 2003; Kridli et al., 2006; Casaco et al., 

2010). The differences as observed might be ascribed to the genetic makeup of the animals, 

besides several intrinsic and non-intrinsic factors viz method of collection and location. The 

volume of ejaculate of Menz rams was lower than those of native x crossbred rams from Iraq  

(Martin et al, 2015). The volume of semen is correlated with the body weight of the rams and 

also the scrotal circumference. However, the volume of semen is not a good indicator of its 

conception, as the former may have high amount of seminal fluid and not the amount of the 

sperm cells. 
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 The concentration of the sperms also depends on the frequency of collection besides the age 

of the rams and also the breed (Rege et al., 2000; Salhab et al., 2003; Martin er al., 2013; 

Malejane et al., 2014). Rams which are very young or aged have low concentration when 

compared to those who are at prime of their age (Salhab et al., 2003; Kridli et al., 2006; 

Zohara et al., 2014). The results pertaining to the concentration of spermatozoa obtained from 

Awassi x Menz rams was assessed to be 3.34 x 10
9  

sperm/ml which was  lower than the value 

of 4.9 x 10 
9 

sperm/ml as reported by Ibrahim, (1997) for  native Awassi rams reared in  

United Arab Emirate, while the value was 4 x 10
9
 sperm/ml among  growing Awassi rams 

from Syria  Salhab et al., (2003). The concentration of the semen also depends on the nutrition 

it receives, rams which are not well adapted to a particular agro climate have poor 

concentration (Salhab et al., 2003; Martin et al., 2013; Moghaddam et al., 2012, Nikolovski et 

al., 2012 ).  

 

Several studies ( Dachenx et al., (1981); Mandiki et al., (1998); Al-Samarrae, 2009) have also 

indicates that motility of the sperms did not vary across breeds, studies have indicate that the 

motility of the sperms depend on the age of the rams (Ibrahim, 1997; Salhab et al., 2003; 

Mohammed et al., 2006; Al-Samarrae et al., 2009) frequency of collection time and can vary 

across the rams (Martin et al., 2013; Moghaddam et al., 2012). The rams having low sperm 

motility have low fertilizing capacity and hence need to be identified and culled (David et al., 

2015). The numbers of abnormal sperms too are influenced by the individual rams and rarely 

vary across breeds (Moghaddam et al., 2012).  Studies by (Shamir et al., 2010; Velck et al., 

2004; David et al., 2015) have indicated that the numbers of abnormal spermatozoa is 

influenced by inbreeding and inbred rams usually have high numbers of abnormal 

spermatozoa. The numbers of abnormal spermatozoa were higher among the Awassi and 
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Dorper rams, the values being comparable with than those reported by (Moghaddam et al., 

2012; Babiker, 2010; Zohara et al., 2012) however the values were more or less similar than 

those reported by (Salhab et al 2003; Malejane et al., 2014). The abnormality in the size of the 

sperm head too are within the range of values reported by (Martin et al., 2013; Malejane et al., 

2014). Studies by Tabbaa et al., (2006); Al-Samarrae et al., (2009) have indicated that small 

size of the sperm head can have an effect on the fertilizing capacity and those which have 

small head have poor fertilizing capacity, same is true for oversized heads of the sperms 

(Babiker, 2010; Milosevic et al., 2012; Zohara et al., 2012; Martin., 2013;Tejaswi et al., 2016).  

 

The size of the tail too varied across the breeds and rams with small tails usually are breed 

dependent (Rege et al., 2000; Milosevic et al.,2012; Mozo et al., 2015; Tajaswi et al., 2016). 

The numbers of headless sperms too varied across the breeds which too are influenced by the 

rate of inbreeding and the rams which are highly inbred usually have large numbers of 

headless sperms (Shamir et al., 2010). Therefore, it is imperative to access the semen related 

traits of the rams prior to including them in a breeding program (Babiker, 2010; Martin et al., 

2013; Kridli et al., 2007; Mozo et al., 2015; Tajaswi et al.,2016). Findings of a study by 

(Yavarifard et al., 2015) have indicated that the traits are lowly to moderately heritable and 

hence the rams need to be screened for these traits prior to being included in any breeding 

program.   
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5.1.2 Effect of season on semen quality traits of rams from different 

genotypes 

The results as presented in Table 2 indicate that the color of the semen from Dorper and AxM 

rams did not vary across season ( long rain, short rain and dry) which is in consonance with 

those of (Zohara et al., 2012,). The results from a study by (Salhab, et al., 2003, Malejane et 

al., 2014) indicate that the color of the semen can vary across seasons because of the type of 

feed provided to the rams. It has also been reported by (Salhab et al., 2003; Mohammed et al., 

2006) that the color of the semen also is influenced by the frequency of collection. Studies by 

(Mohammed et al., 2006; Babiker, 2010; Al-Samarrae , 2009; Mozo et al.,2010) have 

indicated that the color of the semen is waterish in color if the semen is collected frequently is 

more than several times a week.  

 

The findings also show that the volume and motility of the spermatozoa also did not vary 

across the seasons and is uniform within a genotype which is in accordance to the findings of 

(AbiSaab and Sleiman, 1987). This also depends on the age of the rams where rams of same 

age have equal volumes of semen (Salhab et al., 2003). However, the concentration of the 

semen is also influenced by the numbers of ewes covered by the rams or by frequency of 

semen being collected (Mohammed et al., 2006; Babiker, 2010; Martin et al., 2013; 

Maksimović et al., 2016). The numbers of live and abnormal sperms are negatively correlated, 

the findings are in consonance with the findings of (Babiker, 2010; Malejane et al., 2014, 

Moghaddam et al., 2012; Zohara et al., 2014 ). The results of a study by (Rege et al., 2000; 

Mohammed et al., 2006; Olah et al., 2012; David et al., 2015) indicated that the numbers of 

abnormal sperms are influenced by both genetic and non-genetic factors. The numbers of 
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abnormal sperms too are influenced by season (Rosa & Bryant, 2003; Moghaddam et al., 

2012; Zohara et al., 2014) this might be because of seasonality of estrus, and in the first few 

days of mating the numbers of abnormal/dead sperms are high.  

5.1.3 Effect of season on body weight, body condition, scrotal circumference 

and libido of different genotypes of rams 

The results as presented in Table 3 indicate that the influence of season was observed in the 

body weight of the Dorper rams, while the corresponding increment in weight was also 

recorded in the other two genotypes during the long rainy season, which can be ascribed to 

availability of green fodder during the season (Salhab et al., 2003; Mohammed et al., 2006; 

Al-Samarrae, 2009, 2015). Improvement in body weight is also correlated with improvement 

in body condition of the rams, the values were however not quite significant which may be 

ascribed to uniform management (Zohara et al., 2012; Moghaddam et al., 2012). There was no 

difference in scrotum circumference of the rams across the seasons; the observations are in 

close accordance with those of (Malejane et al., 2014). The libidos of the Dorper rams were 

higher in the long rainy season, while the reverse was true for the Menz rams. yesterday  

5.1.4. Correlation studies between scrotum circumference, body condition, 

libido and some the semen quality of the different genotypes of rams 

The results as presented in Table 4 and 5 shows the effects of body condition of the Menz 

rams is correlated with the scrotum circumferences (SC), and libido ( LIB)  the observations 

are in close accordance with those of reported  (Moghaddam et al., 2012) . This may be related 

to the spermatogenesis and testosterone secretion during the phase (William H. Wolker, 

2011;Maksimovic et al., 2016). The findings also indicate that SC is related to the LIB which 
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indicates the enhancement of the testicular function which also influences the spermatogenesis 

and hence the motility of the sperms too is improved (Niehaus, 2004).  

 

In many cases the enhancement of LIB  is related to the numbers of defective sperms, which 

can be attributed to release of immature sperms under condition of enhanced testosterone 

secretion (Preston et al., 2012). The study further indicates that the concentration of the semen 

and volume are related, while it may be related to the amount of the seminal fluid secreted 

from the accessory male sex organs (Niehanus, 2004; Preston et al., 2012). The study further 

indicates that the motility of the sperms and the numbers of live and dead sperms with the 

numbers of abnormal defective sperms are negatively correlated, findings are in close 

accordance with those of (Moghaddam et al., 2012; Zohara et al., 2014) as the defective 

sperms usually are dead and may lack proper swimming ability if alive. 

 

The results pertaining to the correlation between the BC, SC, libido and semen quality traits of 

Menz rams indicate that the SC of the Menz rams is correlated (P<0.001) with the libido, this 

may be ascribed to the fact that the wider SC is expected to have optimum size of the testis 

which is expected to secrete higher amount of testosterone (William H. Walker, 2011; 

Maksimovic et al., 2016). Similarly rams exhibiting higher libido are correlated (P<0.01) with 

higher concentration of semen as both of them are related to the secretion of testosterone 

hormone (Perston et al., 2012; William H. Walker, 2011). 

 

The results also show that volume of semen and the concentration are correlated, however the 

same is influenced by the duration of collection with lower concentration of semen among 

rams of older age and frequent sperm donors (Ibrahim,1997; Salhab et al., 2003; Mohammed 
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et al.,2006; Al-Samarrae et al., 2009; Babiker, 2010). Semen color of the Menz rams also are 

correlated (P<0.01) with motility, rams which are creamish in color have higher motility when 

compared to those which are of different colors or are watery (Rodriguez-Martinz, 2013; 

Kridli et al., 2007; Olah et al., 2013) this may be because of the presence of live/dead sperms 

or semen which is infected with diseases or pus cells have off colors and hence less motile 

(Mohammed et al., 2006). 

 

The results as presented in Table5  indicate that the SC and BC of Dorper rams were 

correlated as indicated ahead while the BC and motility ( MOT) are negatively ( P<0.05) 

correlated studies by (Salhab et al., 2003; Moghaddam et al., 2012; Zohara et al., 2014) have 

indicated that over conditioned and under conditioned rams usually have more numbers of 

dead sperms. The above results are also indicative with the correlation (P<0.05) with the 

numbers of defective sperms. The results from a study by Maksimović et al., (2016) have also 

indicated that SC is negatively correlated (P<0.05) with the volume of semen. The results 

pertaining to the correlation between LIB and the volume is correlated (P<0.05), as libido is 

correlated with the amount of testosterone (Niehanus, 2004; Preston et al., 2012; Maksimovic 

et al., 2016).  

 

The study further indicates that the volume of the semen was negatively correlated with its 

color in Dorper rams. The volume of the semen and motility and concentration too are 

correlated, finding a consonance with those of several researchers (Moghaddam et al., 2012; 

Maksimovićet al., 2016). Semen with creamy color is considered to be a good quality and 

hence higher motility (Salhab et al., 2003; Mohammed et al., 2006; Babiker, 2010; Malejane 

et al., 2014). The study also indicates that higher concentration of semen higher is the motility 
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which is in accordance with those of several researchers ( Moghaddam et al., 2012; Zohara et 

al., 2012). The findings also show that if the numbers of live sperms are higher and lower are 

the numbers of defective sperms which is also in close accordance of Moghaddam et al., 

(2012). 

5.2. Evaluations of ram fertility 

5.2.1. Genetic variability of rams in conception of ewes 

The results as presented in Table 6 show that there conception of the ewes varied across 

genotypes which can be ascribed to several factors the quality of the semen of the rams (Rosa 

& Bryant, 2003;Duguma et al., 2002;Afolayan et al., 2014). Conceptions of the ewes are also 

ascribed by their genotype and gynecological status (Foote, 1964; Duguma et al., 2002; Rosa 

& Bryant, 2003; Afolayan et al., 2014). The differences in conception ( of the ewes) mated to 

the Awassi rams too varied across the locations , which can be ascribed to the genotype by 

environment interaction and the gynecological status of the ewes mated to the rams (Duguma 

et al., 2002; Tesfaye et al.,2013; David et al., 2015).   

   

The genetic variation pertaining to fertility of rams was recorded and the capacity of fertilizing 

varied across the genotypes Menz (84.85%), Dorper (70.62%), and Awassi x Menz (53.36%) 

and Awassi (44.11%) The findings also indicated that the fertilizing capacity of the Awassi 

rams ( irrespective of the locations) was below the 45.44%Menz rams reared at in Debre 

Birhan ranch and 43.38% among the Menz rams reared at Amedguya (Menz) ranch. The 

findings indicative of the low fertility of the Awassi rams which is in close accordance with 

the findings of  Getachew et al., (2013) . 
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The low fertility of Awassi rams may be ascribed to inbreeding within the flock. Awassi 

breeds were highly inbred when compared to Menz sheep which ranged between 1 to 2.6 % 

(Tesfaye et al., 2015). High inbreeding within the Awassi flock too has been reported by 

Shamir et al. (2010) who observed that inbreeding resulted in day blindness among Awassi 

sheep flock at EinHarod), Studies by; (Foote, 1964,Kridli et al., 2007; David et al., 2015) 

indicated correlation between fertility of rams and fecundity of ewes, which indicated that 

there was strong correlation between spermatozoa motility and fecundity of ewes and mass 

motility and is also  associated with fertility. It has been reported that fertility among the Menz 

rams is higher due to low inbreeding and high viability. 

  5.2.2. Seasonal variability of Awassi rams fertility in different location 
 

The results as presented in Table7 indicate that there were genotype by environmental 

interaction pertaining to the conception of the ewes mated to Awassi rams across seasons and 

locations. The results also indicate that the conception (of the ewes) mated to Awassi rams 

was much below the desired levels which can be ascribed to the adaptability of the rams 

(Tesfaye et al., 2013). The fertility of Awassi rams during the long rain season was (P<0.05) 

higher than short rain and dry season respectively. This is due to seasonality of breeding  and 

better availability of forages thereby assisting in the availability of vitamins the observations 

being in agreement with those of  several authors (Kridli et al., 2007; Tabbaa et al., 2006;  

Ababneh et al., 2017). These observations however are contrary to the findings of Langford et 

al., (1998) and Salhab et al., (2003) who reported that photoperiod and seasonal changes did 

not influence the semen characteristics. Based on such changes, rams continue to produce 

viable and fertile spermatozoa and exhibit sexual behavior throughout the year. 
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5.2.3. Fertility of Awassi rams in different ewe breeds 

 
The findings from Table (8) further justifies the observations from Table 7 indicating 

suboptimal conception across different genotypes of the ewes mated to the Awassi rams, this 

can be further ascribed to the nicking effect or the quality of the rams themselves. Findings 

from studies by (Duguma et al., 2002; Nouman&Arar, 2013; Afolayan et al., 2014) indicated 

that the rams with poor semen parameters and which are highly inbred can have suboptimal 

fertilizing capacity thereby affecting the overall conception of the ewes. 

5.2.4. Genetic and seasonal variability of ram fertility 

 

The findings from Table 9 show that the conception of the ewes mated to rams of the different 

genotypes varied across the season which can be ascribed to temporary environmental effect 

on the levels of testosterone and  spermatogenesis (Niehaus, 2004). Studies by Niehans, 

(2004); William H. & Walker, (2011) have also indicated that the spermatogenesis is 

influenced by genotype by environmental interaction and hence an environment favorable for 

a particular genotype would result in better fertility and conception. The result indicates that 

there is association between genetic and environment. The findings are in close agreement 

with the observations of (Nouman & Abrar, 2013; Jawasreh et al., 2012; David et al., 2015) 

5.2.5. Fertility of rams in different breeding years 
  

The findings regarding Table 10 indicate that the fertility/conception varied across the years 

and  the findings contrary to the same, results of studies by (Sisay et al., 2012a ) have also 

indicated that under on station condition the effects of years is non-significant on fertility and 

conception. This may be attributable to uniform management of the rams across the years in a 
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farm. However, as Doper and Awassi are exotic breeds there are chances that these rams had 

difficulties in adapting to the agro climate of the region (Philipson et al., 2011; Tesfaye et al., 

2016). Hence, when the agro climate was favorable resulted in better fertility and therefore 

better conception. On the other hand Menz rams being native of the area adapted well to the 

farm condition and therefore the fertility was above the values for the exotic genotypes 

(Tesfaye et al., 2013, 2016). 

The differences across years may be ascribed to meteorological variations between years and 

also seasons within a particular year (Malejane et al., 2014). This leads to differences in the 

availability of forages and also incidences of diseases and parasites. The variations are 

expected to be less in organized farms, however the management of the farms can vary across 

years which can have both favorable and adverse effect on the fertility and overall productivity 

of the animals within a farm (Tabbaa et al., 2006; Kridli et al., 2007; Martin et al.,  2013).  

 

5.3. Genetic component  

5.3.1. Estimation of genetic parameters influencing the fertility traits 

The results pertaining to the heritability estimates indicate that the values differed across 

genotypes with lower values reported among the Awassi rams, this can be ascribed to poor 

adaptability of the Awassi rams in the studied agro climate  which is evident from the high 

environmental variance (Snowder et al., 2004; Yavarifard et al., 2015). Higher environmental 

variance influenced the total phenotypic variance influencing the heritability of the trait (Vleck 

et al., 2004; David et al., 2008). Lower adaptability also results in poor genotype by 

environmental variance and which consecutively will influence the overall fertility of the rams 

(Snowder et al., 2004; Afolayan et al., 2014). 
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The estimated heritability for fertility traits as obtained in this study is in close agreement with 

the results of Vleck, (2004) for Colombia and Polypay rams.  According to Vleck, (2004) 

because, of low genetic correlation between sexual performance score and number of lambs 

born (ewe reproductive traits), selection and use of rams with high sexual performance scores 

would not be expected to result in much indirect response for improved reproduction of ewes.  

The observations as mentioned ahead are contrary to the present observations as sexual 

performance score may not be expressed as fertility among the rams.  The results from the 

present study shows higher estimated heritability for the traits which might be ascribed to 

fewer numbers of rams and both random and systemic errors, which were reflected in 

deviation in the estimation of heritability for the traits studied. 

On the other hand the overestimation of heritability among the Menz and Dorper indicates the 

existence of phantom heritability which can be ascribed to small sample size and also fewer 

numbers of rams involved in the program (Falconer, 1989).  
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6. Summary and conclusion 

6.1. Summary 

The study was conducted at Debre Birhan Agricultural Research Center (DBARC) Semen 

quality parameters were assessed in 6 rams each of Menz, Dorper and Awassi x Menz. The 

fertility traits were assessed for 155 rams mated to 14357 ewes Data were obtained from 

Amedguya Sheep Breeding and Multiplication center (ASBMC), Debre Birhan Sheep 

Breeding and Multiplication center (DBSBMC) and Debre Birhan Agricultural Research 

Center (DBARC).The data pertaining to the fertility status of Awassi rams were from the 

years 2001-2016 whereas for Menz and Dorper 2010-2016 and 2012-2016 respectively.  

The overall least square means for body weight (kg), body condition, libido, semen mass 

motility and color were assessed using standard scales, while scrotal circumference (cm), 

semen volume (ml), semen concentration (10
9
), live sperm cell (%) and abnormal spermatozoa 

(%) of  were 74.4±0.58, 4.48±0.07, 32.3±0.15, 3.3±0.07, 2.1±0.036, 1.14±0.04, 4.1x10
9
 ±0.14, 

3.18±, 83.6±0.27 and 10.04±0.38, for Dorper, 41.7±0.49, 3.65±0.06, 28.8±0.13, 3.2±0.05, 

2.3±0.03, 0.7±0.04, 2.44x10
9
±0.13, 3.17±0.08, 84.65±0.25 and 6.78±0.35 for Menz and 

58.9±0.5, 4.01±0.06, 30.4±0.13, 3.7±0.06, 2±0.034, 0.92±0.04, 3.34x10
9
 ±0.13, 3.4±0.08, 

83.87±0.26 and 9.41±0.36 for Awassi cross with Menz rams respectively.  Semen mass 

motility was not influenced by genotype of the same. 

Body weight, body condition, live spermatozoa (%) of Dorper rams were influenced by the 

seasons. Long and short rain seasons were higher value of body condition and body weight 

while higher abnormal spermatozoa percentage was showed during long rain season.  Among 

the Awassi cross Menz rams season influenced only the libido, live spermatozoa (%) and 
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abnormal spermatozoa; the long rain season had higher libido and abnormal spermatozoa 

percentage and lower live spermatozoa percentage while among the Menz rams color of the 

semen, libido and semen concentration were influenced by seasons. The color of semen was 

thick creamy during dry season and higher sperm concentration in dry and short rain seasons 

while higher abnormal spermatozoa showed during long rain season. It was also assessed that 

the volume of the semen and its concentration were correlated among the Menz rams, mass 

motility of the semen as negatively correlated with abnormal spermatozoa and live/dead 

spermatozoa.   

 

Body weight, scrotal circumference, body condition, semen volume and concentration of 

Dorper rams were higher than those of A x M across all season and mass motility and live 

spermatozoa were not influenced by the same. Color of the semen varied across genotypes 

while the color of the semen of the Menz rams was thick creamy while those of the Dorper 

and AXM was during short rain and dry seasons. Libido of the AxM was higher when 

compared to the Menz and Dorper counterparts especially during long rain and short rain 

seasons. The numbers of abnormal sperms were lower in the Menz rams when compared to 

their Dorper and AxM counterparts and across all the seasons studied. 

Fertility rate of Awassi, Awassi cross with Menz, Menz and Dorper rams in Debre Birhan 

were 45.44, 53.36, 84.85 and 70.62 respectively whereas fertility rate of Awassi in Amedguya 

was 43.38. The differences in conception (of the ewes) mated to the Awassi rams too varied 

across the locations and seasons, which can be ascribed to the genotype by environment 

interaction. The effects of seasons varied across the genotypes its influence was more for the 

Awassi rams which had lower fertility across all the seasons while, AxM rams had lower 

fertility during the long rains only. Season did not influence the fertility of the Menz rams and 
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fertility of the Dorper rams was higher during the long rains. Fertility rate of rams were 

influenced by genotype and all non-genetic factors. Menz rams had higher fertility rate than all 

other breeds in all seasons. Heritability and sire ranking were estimated based on pedigree data 

of the three breeds. Estimated heritability to fertility of Awassi, Menz and Dorper rams were 

0.1, 0.41 and 0.46 respectively.  

6.2. Conclusions 
 

The results indicate that Menz rams had a better fertility rate when compared to Awassi, AxM 

and Dorper in all season and years, which may be ascribed to better genotype by environment 

interaction.  The results further indicate that conception (of the ewes) mated to the Awassi 

rams too varied across the locations, which might be ascribed to their adaptability to the 

environment where they were reared. The fertility among the Awassi rams were the lowest 

followed by AxM, while Menz rams were superior in natural mating and had high numbers of 

normal spermatozoa Dorper rams were also well suited for natural mating and semen volume 

and concentration were also higher making them suitable for AI program. 
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7. Recommendations 

 
Awassi rams had lower fertility rate throughout the studied location and seasons, further 

investigation will be needed to the cause of low fertility of these rams based on semen 

evaluation and genotyping to identify candidate gene which responsible for fertility trait and 

level of inbreeding of these breed. 

 

Based on semen evaluation and natural mating Dorper rams were best to artificial 

insemination program due to low cost of production than introduction of live Dorper form 

South Africa while Menz rams were superior in natural mating due to high fertility rate 

without the influence of season and the year. 

  

Before we are going to introduction of the improved breed, evaluation of the growth and 

reproduction performance of the selected breed must be evaluated on station with the 

consideration of farmer’s sheep production practices.  

 

 Heritability of fertility trait of Dorper and Menz were overestimated due to small sample size. 

Therefore pedigree record will be continued for better heritability estimation of fertility of 

these breed. 
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9. Appendices 
 

Table1. Major equipment would be used for the study 

 

Equipment  Function Remark 

Artificial vagina with full set  Semen collection  

Water bath To store fresh semen during evaluation   

Spectrophotometer  To determine semen concentration    

Phase contrast microscope/computer Semen motility and morphology  

Microscopic glass  Smearing of semen   

Hot plate  To warm the slide glass  

Physiological saline solution Semen dilution   

Micropipette  Sterilizer   

Thermometer  To measure AV temperature   

Sensitive balance  To measure Nigrosin and eosin    
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