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EVALUATION OF THE REPRODUCTIVE AND ARTIFICIAL 

INSEMINATION SERVICE EFFICIENCY OF DAIRY CATTLE IN 

EASTERN ZONE OF TIGRAY, NORTH ETHIOPIA 

ABSTRACT 

The study was carried out to evaluate the reproductive and artificial insemination service 

efficiency of dairy cows under smallholder farmers’ management in Eastern zone of 

Tigray, Northern, Ethiopia. The study involved survey to assess dairy cattle management 

practices, retrospective study to evaluate the efficiency of AI service, and field monitoring 

to confirm the retrospective study. A total of 128 households (64 AI beneficiary and 64 AI 

non-beneficiary households) were selected purposively from 4 districts for the study and 

interviewed using semi-structured questionnaire. Retrospective study covered the period 

2009-2012 and field monitoring was conducted on 160 cows. Sperm quality was assessed 

on 80 straws of frozen semen drawn from the AI centre of four districts and sub-centers. 

This study showed that about 84.38% of the AI beneficiary and 68.75% non-beneficiary 

households were headed by male. From the AI beneficiary and non-beneficiary households, 

about 73.44% and 67.19% were literate, respectively. The overall mean cattle herd size per 

household in the study area was 4.94 of which the number of crossbreds was 1.89±0.30 and 

1.23±0.22 for AI beneficiary and non-beneficiary households, respectively. The major feed 

resources in the study area were crop residue and Atela. However about 90.6% of the 

surveyed households use green forages and factory by products for supplementation. 

Distance from AI center, lack of service on weekends and holidays and in adequate heat 

detection practices were the major constraints of AI service delivery system in the study 

area. The mean age at first service (AFS) was 30.3 ±0.42 and 39.3±0.49 months for 

crossbred and local cows, respectively. Breed and production system had a significant (p 

< 0.05) effect on AFS. However, district had no effect. The mean age at first calving 

(AFC) was 39.6±0.40 and 48.5±0.48 months for crossbred and local cows, respectively. 

Breed and production system had a significant (p < 0.05) effect on AFC. However, district 

had no. Mean inter service interval (ISI) of dairy cows was 27.8±1.21 and 24.6±1.34 days 

for crossbred and local cows, respectively, and it was influenced (p<0.05) by breed. The 

overall mean conception rate (CR), none return rate (NRR), number of services per 

conception (NSPC) and CR were 76.1±2.28, 91.9±0.93, 1.74±0.39 and 38.6±3.61 

respectively. District and year had significant effect (p< 0.05) on on NRR. Field followup 

monitoring confirmed that the CR, NRR and NSPC were 73.1±2.37, 85.6±1.57 and 1.59, 

respectively. There was slight difference between retrospective and monitoring study on 

CR, NRR and NSPC. The overall mean frozen semen motility and viability were 

48.4±0.48% and 51.5±0.58%, respectively. District and breed had significant effect (p < 

0.05) on motility and viability. However, batch number had no effect (p > 0.05). 

Generally the current study indicated most reproductive performance parameters were 

low compared to the recommended literatures. The major factor that affected for the 

reproductive performance parameters was identified feed resource. Lack of herd record, 

lack of follow up and distance to AI canters were also influencing the AI delivery system. 

Semen quality was affected due to transportation, poor handling and storage. Therefore, it 

is advisable to focus on improved forage development and research on feed resource 

options. Technical improved technologies, such as efficient heat detection and improved 

husbandry practices should be given attention in adoption to smallholder dairy producers. 

Quality of frozen semen should be also regularly checked starting from the production and 

processing centre to the respective AI centres for their handling before insemination. 
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1. INTRODUCTION 

 

Ethiopia has large livestock population, which is estimated to be  52.1 million cattle, 24.2 

million sheep, 22.6 million goats, 1.96 million horses, 6.4 million donkey, 0.37 million 

mule, 0.99 million camels, 44.89 million poultry, and 4.9 million beehives (CSA, 2011/12). 

Livestock provides food through milk and meat, draft power for traction purpose, generate 

income through sale of the animals, and serve as a security at times when crop production 

fails. Livestock also fetch hard currency through export of live animals and carcass. The 

contribution of livestock sector to the national GDP has been estimated to be 15% and 40% 

to the agricultural GDP (Azage and Alemu, 1997), 18% to the national GDP (FAO, 2004), 

25% to national GDP and 45% of the agricultural GDP (including ploughing services) 

(IGAD LPI, 2010). 

 

The cattle population of the country is dominated with indigenous zebu types, which are 

widely distributed across the diverse agro-ecologies of the country.  It has been reported that 

indigenous cattle breeds account for about 98.8 % of the total cattle population of the 

country (CSA, 2011/12). Indigenous cattle have been naturally selected for years towards 

adaptive traits under harsh tropical environment. These include resistance to diseases and 

parasites, unique product qualities, longevity and adaptation to poor quality feeds.  

 

However, livestock productivity (both productive and reproductive performance) remains 

marginal in Ethiopia despite the large livestock resources in the country, mainly due to low 

genetic potential of indigenous cattle especially for milk and meat production (Negussie et 

al., 1998; Shiferaw et al., 2003). In addition, the levels of management and nutrition to 

which they are exposed to are generally low. Consequently, milk production from 

indigenous cattle is less than 270 liters with less than 7 months of lactation period. Age at 

first calving and calving interval for indigenous cattle have been reported to extend up to 

53.5 months and 26 months, respectively (Adebabay, 2009). In general, these lead to low 

reproductive efficiency. 

 

Thus, efforts have been continued to improve productive and reproductive performance of 

indigenous cattle through crossbreeding with improved exotic genotypes for the last five 

decades with focus to improve milk production (Aynalem, 2006). Specialized dairy breeds 

of temperate origin such as Holstein Frisian and Jersey, which have high potential for milk 
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yield, good temperament, and fast growth rate, have been used for crossbreeding program 

with indigenous animals in different parts of the country. The distribution of crossbred 

heifers, provision of artificial service and setting up of bull service stations were the major 

components of the crossbreeding program. Even though earlier works imported live 

animal (partly for pure breeding purpose), most of the crossbreeding programs running in 

the country have been employing by Artificial insemination (AI) for crossbreeding 

purpose. Artificial insemination using frozen semen has played an important role in 

increasing genetic progress by upgrading the reproductive rate of the male. It increases the 

selection intensity since, less bull is needed and this is the basis for selection progress 

unlike years ago where the country heavily rely on importing semen of HF and Jersey 

genotypes from abroad, this time semen is collected from superior sires, processed and 

packed into straw in Ethiopia. This definitely increased the number of semen straws and 

made crossbreeding through AI at regional level possible.   

 

However, the success of artificial insemination scheme depends among others on its 

reliability and its technical results, which are to a large extent governed by the link among 

the inseminator, farmers‟ management, and quality of semen. Low pregnancy rate to 

artificial insemination in most African countries is attributed to poor semen quality, poor 

semen handling procedure, inadequate insemination skill, poor estrus detection and wrong 

time of insemination (Mukasa- Mugerwa and Azage, 1991), Mekonnen et al., 2010). For 

successful and sustainable genetic improvement accurate evaluation of the reproductive 

efficiency of indigenous stocks and their crossbred in different production systems is 

essential for the development of appropriate breeding strategies (Negussie et al., 1998), 

(Fasil, 2006), (Azage and Awet, 2012).  

 

Reproductive efficiency of animals is influenced by different factors including genetic, 

season, age, production system, nutrition, management, environment and disease (Alberro 

1983; Mukasa-Mugerwa et al., 1991; Tadesse et al., 1991; Negussie et al., 1998; Shiferaw 

et al., 2003). Low reproductive efficiency hinders genetic improvement efforts and causes 

direct economic loss (Mukasa-Mugerwa et al., 1991). In many cases reproductive 

efficiency of cattle has been measured mainly by considering parameters such as age at 

first service, age at first calving, days open, calving interval and number of services per 

conception (Zewdie et al, 2011, Bekana et al., 2005; Negussie et al., 1998; Shiferaw et al., 

2003; Lyimo et al., 2004). Even though information is available with regard to the subject, 
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most of the data employed to evaluate breeding works in Ethiopia so far are from 

government ranches or research stations. Consequently, they are not representative of the 

farming condition in the country (Mekonnen, 1994). Because the management practices of 

ranches and stationed farms are different from that of the smallholder farmers. This 

indicates that there is a need to collect data from the actual farming environment (on 

farm). 

 

In eastern Tigray where this study had conducted, Artificial insemination is commonly 

used to improve performance of indigenous cattle. Crossbreeding is commonly done in 

urban and peri-urban areas where consumption of milk and milk products is reasonably 

high. However, little or no research works conducted to evaluate reproductive efficiency 

of crossbred dairy animals in this area regardless of the continued use of AI.  

 

Thus, the current study was designed to generate detail information on the efficiency of AI 

service and reproductive performance of crossbred and indigenous dairy cows under 

farmers‟ management practices in Eastern Tigray zone, Tigray National regional State. 

The information generated from this study will contribute to formulate extension methods, 

development programs and guidelines that would improve AI service efficiency, 

reproductive performance of dairy cows and AI related constraints. The findings of the 

study could be used by dairy producers, policy makers and governmental and non-

governmental stakeholders who participate in dairy development and AI service delivery 

system in the country. Hence, this study was aimed with the following specific objectives:  

 

 to identify major constraints which affect the success of AI in the study area 

 to evaluate reproductive performance of dairy cows in the study area 

 to assess Artificial Insemination service efficiency in the study area 
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2. LITERATURE REVIEW 

 

2.1. Socioeconomic Importance of Livestock in Ethiopia 

 

Livestock provides food through milk and meat, draft power for traction purpose, generate 

income through sale of the animals, manure as fertilizer, and serve as a security at times 

when crop production fails. Livestock also fetch hard currency through export of live 

animals, carcass and from hide and skin (Azage and Alemu, 1997, Ehui et al., 2002). The 

livestock sub-sector in Ethiopia accounts for about 12 and 33% of the total and 

agricultural gross domestic product (GDP), respectively, and provides livelihood for 65% 

of the population (Ayele et al., 2003). In the mixed crop-livestock systems of the 

Ethiopian highlands, livestock are subordinate but economically complementary to crop 

production in providing draft power, which is a vital contribution to the overall farm labor 

requirement. In the semi-arid lowlands, cattle are the most important species because they 

supply milk for the subsistence pastoral families. In the more arid areas, however, goats 

and camels are the dominant species reared. The former provide milk, meat and cash 

income, while the latter are kept for milk, transport and, to a limited extent, meat (Asfaw, 

1997). Cattle are kept for all purposes that vary with production systems. Traction ranked 

highest, followed by milk and reproduction/breeding (males and females) in both crop 

livestock and agro-pastoral systems (Alemayehu, 2004). Manure production is also 

considered important by most crop/livestock and agro-pastoralist farmers, but as 

secondary rather than a primary purpose. In contrast, reproduction/breeding requirements 

received higher ranks in pastoralist systems and, for female, requirements for breeding 

outranked the importance of milk production (Workneh and Rowlands, 2004). 

 

2.2. Livestock Production System in Ethiopia 

 

Numerous authors used different criteria to classify livestock production systems in 

Ethiopia. However, about five production systems have been identified based on 

integration of livestock with crop production, level of input and intensity of production, 

agro-ecology and market orientation. The following systems have been defined viz. 

pastoral, agro-pastoral, mixed crop-livestock farming, urban and peri-urban dairy farming 
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and specialized intensive dairy farming systems (MoA, 1997; Yoseph, 1999; Mohammed, 

2004).  

 

2.2.1. Pastoral production system 

 

Pastoralism is way of living in vast arid agro-ecological zones of Afar, Somali, and 

Borena rangelands and in the semi-arid areas of the Southern Nations, Nationalities and 

peoples Region. In these areas, land ownership at household level is not a common 

practice. Land in most rangelands, like the Somali rangelands, is mostly clan based. 

Despite their vast size, pastoral areas are sparsely populated compared to the other farming 

systems. As a result, they are subject to intrusions from the highlanders and large-scale 

commercial plantation schemes. Crop production is not a feature of the system and 

subsistence is almost entirely based on livestock and livestock products. The main source 

of food is milk. Consequently, pastoralists tend to keep large herds to ensure sufficient 

milk supply and income. Although most of the farm animal species, excepting horses and 

mules, are reared in this system, it is dominated by goats, cattle, sheep, and camels. Water 

and feed shortage are the most limiting factors of production and productivity of the 

system. 

 

In the lowland agro-ecological setup with pastoral production system, livestock do not 

provide inputs for crop production but they are the backbone of life for their owners, 

providing all of the consumable saleable outputs and, in addition, representing a living 

bank account and form of insurance against adversity (Coppock, 1994).  

 

2.2.2. Agro-pastoral production system 

 

Agro-pastoralists are sedentary farmers who grow crops and raise livestock. In the agro-

pastoral production system, human pressure on natural resources is relatively lighter than 

higher altitudes. Household landholding is often greater than the mixed production system. 

Agro-pastoral form of livestock production system dominates in mid agro-ecological 

zones where a tendency for crop production has shown besides livestock production. 

Cattle are important components of the farming system. Crops are produced both for 

subsistence and market. Cattle are mainly kept in communal grazing lands and the use of 
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crop residues and aftermath grazing is not uncommon. The diet of the people is composed 

of cereals, vegetables, meat and milk. The use of dung for fuel is not as intense as in the 

mixed crop-livestock production system.  

 

In agro-pastoral production system livestock are used for draught, savings, meat and milk 

production. The production system is subsistence type of milk and or meat production 

(Zinash et al., 2001; Alemayehu, 2004). Cattle and small stock play a critical role in the 

agro-pastoralist household economy. Agro-pastoralists tend to retain female stock to 

produce milk and to maintain the reproductive potential of the herd. Oxen are also 

important for draft so that stock sold tend to be oxen and cows, which have lost their 

productive capacity. However, because average herd size is generally low, many herders 

are increasingly forced to sell young males and even females of optimum reproductive age 

(ILRI, 1995). 

 

2.2.3. Mixed crop-livestock production system 

 

Mixed crop-livestock farming system is predominantly found in highland agro-ecological 

Setup where climatic factors are conductive for the farming of crops and raising livestock. 

In this production system, livestock and crops are maintained as complementary 

enterprises. The average land size per household is less than two hectares. Consequently, 

farming is mainly subsistence in nature. Although this production is dominated by cereal 

crops production, the diet of the people is composed of cereals, vegetables, meat and milk. 

Compared to other farming systems, this production system is more conductive to 

crossbred dairy cattle production. The production system is characterized by land scarcity, 

severe resources degradation and recurrent drought. Former grazing lands are gradually 

turning in to crop fields. Therefore, major feed resources are grazing on marginal lands, 

crop aftermath and crop residues. Crop residues are the major sources of feed, particularly 

during feed shortage periods. In rural areas, dung is an important source of fuel. 

 

In the highland livestock production system, animals are part of a mixed subsistence 

farming complex (Alemayehu, 1987). Livestock provide inputs (draught power, transport, 

manure) to other parts of the farm system and generate consumable or saleable outputs 

(milk, manure, meat, hides and skins, wool, hair and eggs). About 88% of the human 
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population, 70% of cattle and sheep, 30% of goats and 80% of equines are found in this 

region (Alemayehu, 2004). The principal objective of farmers engaged in mixed farming 

is to gain complementary benefit from an optimum mixture of crop and livestock farming 

and spreading income and risks over both crop and livestock production (Solomon, 2004). 

2.2.4. Urban and peri-urban production system 

 

Urban and peri-urban production systems are developed in areas where the population 

density is high and agricultural land is shrinking due to urbanization around big cities like 

Addis Ababa and other regional towns. In this system crossbred animals (ranging from F1 

to a higher blood level of exotic breeds mainly Holstein Friesian) are kept in small to 

medium-sized farms. Urban and peri-urban production systems include commercial to 

smallholder dairy farms. Such farms are reported to be found in and around major cities 

including Addis Ababa and other regional towns. This sector own most of the country‟s 

improved dairy stock (Mohamed, 2004). The main source of feed is both own farm 

produced and purchased concentrate and hay and the primary objective is to get additional 

cash income from milk sale (Yoseph, 1999). 

 

The expansion of urban and peri-urban livestock production system, particularly 

commercial dairying, is favoured by multitudes of opportunities. Like any other emerging 

economic system, however, it is yet to be tested against challenges emerging 

simultaneously in such areas as management, disease control, reproduction, quality control 

and public health, waste management and disposal and its ultimate success will depend on 

how best the system could overcome these challenges. 

 

2.3. Overview of Artificial Insemination 

 

Artificial insemination (AI) has been defined as a process by which sperm is collected 

from the male, processed, stored, and artificially introduced into the female reproductive 

tract for the purpose of conception (Morrow et al l., 1985; Roberts, 1985; Webb, 2003). 

Artificial insemination has become one of the most important techniques ever devised for 

the genetic improvement of farm animals. It has been widely used for breeding dairy cattle 

as the most valuable management practice available to the cattle producer and has made 

bulls of high genetic merit available to all (Webb, 2003; Bearden et al., 2004). 
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2.3.1. History of artificial insemination 

 

The first successful AI was performed in Italy in 1780 and over 100 years later, in 1890, it 

was used for horse breeding (Webb, 2003). In Russia, however, the method was first taken 

up seriously as a means of improving farm animals (Heinonen, 1998). According to 

(Webb ,2003), the history of AI is interesting in that old Arabian documents dated around 

1322 A.D. indicate that an Arab chieftain wanted to mate his prize mare to an outstanding 

stallion owned by an enemy. He introduced a wand of cotton into the mare‟s reproductive 

tract, and then used it to sexually excite the stallion causing him to ejaculate. The semen 

was introduced into the mare resulting in conception. 

 

In Ethiopia, AI was introduced in 1938 in Asmara, the then part of Ethiopia, which was 

interrupted due to the Second World War and restarted in 1952 (Yemane et al., 1993). It 

was again discontinued due to unaffordable expenses of importing semen, liquid nitrogen 

and other related inputs requirement. In 1967 an independent service was started in the 

then Arsi Region, Chilalo Awraja under the Swedish International Development Agency 

(Sida). Zewdie et al., a, (2006) has described that the technology of AI for cattle has been 

introduced at the farm level in the country over 35 years ago as a tool for genetic 

improvement. The efficiency of the service in the country, however, has remained at a 

very low level due to infrastructure, managerial, and financial constraints and also due to 

poor heat detection, improper timing of insemination and embryonic death. 

 

2.3.2. Current operational system of AI in Ethiopia 

 

In Ethiopia, National Artificial Insemination Centre (NAIC) is directly accountable to the 

office of the State Minister for Ministry of Agriculture and Rural Development. In line 

with the policy of the Government, the role of NAIC had to somewhat changed during the 

last five decades. Thus, NAIC's mandate had been mainly limited to production and 

distribution of semen with liquid nitrogen, importation of semen and bulls, bull 

management, AI technician's trainers training, organizing workshops, mainly AI 

technicians training for the newly emerging regional states (Tsegaye, et al., 2002). 

 

NAIC provides semen to the Regional Agricultural Bureau (RABs) free of charge and the 

RABs operate AI services under partial cost recovery arrangement (FAO, 2008). These 
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services are mainly focused in urban and peri-urban areas. There are seven regional AI 

sub-centers in the country, which included Bahir Dar, Dessie, Nekemt, Asella, Wolaita, 

Harer and Mekele (FAO, 2008). The number of AI participating districts for crossbreeding 

reached nearly 316 in the year 2002, which amounts for about 50% of the available 

Woredas in the country (Tsegaye, et al., 2002). The regional bureaus had taken the major 

role of expansion of AI services, providing AI technician training, distribution of frozen 

semen & liquid nitrogen within the region, and monitoring and evaluation of AI service 

program.  

 

There are various shortcomings reported on the current AI delivery system in the country. 

These included lack of appropriate collaborations and communications among the NAIC, 

regional agriculture bureaus and other stakeholders, lack of functionally effective 

responsible bodies at the respective regional and Woreda levels to coordinate the AI 

services, lack of proper mechanisms of controlling indiscriminate insemination/breeding -

(NLDP, 2001; Desalegn, 2008; FAO, 2008). The efficiency of the service in the country, 

however, has remained at a very low level. 

 

2.3.3. Relevance of artificial insemination 

 

The worldwide scale and importance of the artificial insemination industry in cattle 

breeding are beyond question (Bonadonna and Succi, 1980; Chupin and Thibier, 1995). 

Maximum use of superior sires has been considered as the greatest advantage of AI while 

natural service has been linked to limit the use of one bull, probably, to less than 100 

mating per year (Webb, 2003). Artificial insemination usage enabled a dairy sire to 

provide semen for more than 60,000 services in one year (Webb, 2003). (Desalegn, 2005) 

has listed many advantages of AI including prevention of reproductive diseases, control of 

inbreeding, minimizing the cost of keeping bulls for natural service and others. Besides, 

the availability of accurate breeding records such as breeding dates, pregnancy rates, inter-

estrus intervals, and days to first service used to monitor fertility are other advantages of 

AI (Sinishaw, 2004). Artificial insemination, however, has disadvantages that include poor 

conception rates due to poor heat detection and inefficiency of AI technicians, 

dissemination of reproductive diseases if veterinarian fail to detect diseased bulls and poor 

fertility rates if AI centers are not equipped with appropriate inputs & are not well 
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managed (Desalegn, 2005). Other disadvantages include high cost of production 

(collection and processing), storage and transport of semen (Pope, 2000), as well as budget 

and administrative problems and inefficiency of AITs (Desalegn, 2005).  

 

Thus, the government and stakeholders should give emphasis in budget allocation, 

capacity building for AI technicians and AI beneficiaries, good veterinary care for 

breeding bulls and infrastructures to keep the relevance of AI. 

 

2.4. Measures of Artificial Insemination and Reproductive Performance Efficiency 

 

Reproductive performance is a trait of outstanding importance in dairy cattle enterprises. 

The size of the calf crop is all-important for herd replacement and the production of milk 

depends heavily on reproductive activity. Possible genetic improvement in virtually all 

traits of economic importance is closely tied to reproductive rate (Hailessus Abate, 2006). 

 

The improvement of livestock production in developed countries is due to the integrated 

effect of rapid development in several fields of the sector.  Increased feed production, 

improved animal health, better husbandry, and the breeding of animals with the necessary 

genetic potential for improved performance are the most important of this development. In 

developing countries, however, parallel improvements in livestock production have 

generally been inadequate, and one of the limiting factors has been the lack of genetically 

improved animals. The importation of superior breeding stock is too costly to be adopted 

on a large scale. Problems of adaptability also arise when high-yielding cattle are 

transferred from temperate tropical and sub-tropical environments. Crossing local females 

with superior improved sires is another method adopted at different period by many 

developing countries. With the advent of artificial insemination, the product of cross 

breeding was given a new technique for implementation on large scale and at 

comparatively low cost.  

 

In Ethiopia, production of semen from crossbred animals (Friesian x Fogera, Friesian x 

Boran, Friesian x Barca, Friesian x Arsi) and from indigenous breeds (Barca, Borana and 

Fogera) are undertaken and some doses were distributed. From 1981 till 1999 a total of 

more than 300,000 semen doses were produced and distributed by (NAIC, 1999). About 
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70 % of the total domestic production and 88% of the total distribution accounts for 

Friesian bull semen. 

 

Despite the wide application and success of artificial insemination throughout the 

developed world, the success rate in Africa is still low owing to a number of technical, 

financial, infrastructure and managerial problems. Calving rate to artificial insemination is 

estimated to be 60 percent or less in developed countries (Evans, 1991; Azage, 1981) 

while pregnancy rates to artificial insemination do not exceed 45 percent in Africa 

(Mukasa-Mugerwa and Azage, 1991).  

 

2.4.1. Age at first service  

 

According to Gidey (2001), age at first service (AFS) is the age at which heifers attain 

body condition and sexual maturity for accepting service for the first time. AFS signals the 

beginning of the heifer‟s reproduction and production and influences both the productive 

and reproductive life of the female through its effect on her lifetime calf crop. Moreover, 

irregularities in feed supply and differences in management systems may bring about 

variations in age at first service in different areas (Gebeyehu et al., 2005) as revealed in 

Table 1 below. 

 

Table 1. Age at first service of cattle in the tropics 

* HF = Holstein Friesian;  

 

2.4.2. Age at first calving 

 

Age at first calving is the age at which heifers calve for the first time (Gidey, 2001). It is 

closely related to the rearing intensity, and in a breeding program has impact on generation 

Breed AFS (months) Source 

Crossbreds   

HF x Indigenous 

HF x indigenous                  

Indigenous 

27.5 

25.6 
Zewdie,et al (2011)   

Emebet and Zeleke (2007) 

Boran 35.3 H/Mariam and Kassa (1994) 

Horro 39.0 Mc Dowell (1971) 

Fogera 44.8 Gidey (2001) 

Highlabd zebu 44.0 Mukesa-Mugerwa et al. (1989) 

Ogaden 34.4 Getinet (2005) 
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interval and response to selection. Different works of various authors had shown values of 

age at first calving estimated for different cattle genotypes in Ethiopia as depicted in Table 

2 below. 

 

Table 2. Age at first calving of cattle in the tropics 

 

Breed AFC (months) Site Source 

Crossbreds    

    HF x Indigenous 

    HF x Zebu 

   HF x indigenous 

Indigenous 

   Boran 

36.8 

29.1 

36.2 

 

45.0 

On-farm 

On-station 

SSDP-L SDP 

 

On-station 

Zewdie et al. (2011) 

Albero (1983) 

Emebet and Zeleke (2007) 

 

Hailemariam and Kassa (1994) 

   Horro 50.0 On-station McDowell (1971) 

   Fogera 54.6 On-station Gidey (2001) 

   Highland Zebu 53.0 On-station Mukassa-Mugerwa et al. (1989) 

   Barka 30.3 On-station Goshu (1981) 

  Indigenous cows 53.5 On-farm Adebabay Kebede (2009) 
AFC = Age at First Calving; SSDP =Small Scale Dairy Producers; LSDP =Large Scale Dairy Producers;  

  

2.4.3. Number of services per conception  

 

According to Gidey (2001), the number of services per conception is the number of 

services (natural or artificial), required for successful conception. The number of 

inseminations required to produce a live calf is one of the most useful parameters of 

reproductive efficiency which mainly depends on the breeding system used. It is higher 

under uncontrolled natura breeding than hand-mating and artificial insemination. 

According to Mukassa-Mugrewa et al. (1989), the number of services per conception 

greater than two are regarded as poor. Some other values of number of services per 

conception estimated by different authors in Ethiopia are compiled in Table 3 above. 
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Table 3. Number of services per conception for cattle in Ethiopia 

 

SSDP =Small Scale Dairy Producers; LSDP =Large Scale Dairy Producers;  

 

2.4.4. Non-return rate (NR) 

 

A mathematical function is presented to model the reproductive efficiency of bulls by 

estimating the probability of conception at the time of insemination and the probability of 

completing of gestation after insemination (calving rate). The result suggests that 

measures of conception rate and calving rate derived from NR rate and calving rate may 

be more reliable in evaluating reproductive efficiency than NR rate itself (Koops et al., 

1995). According to Mekonnen et al. (2010) NRR was 86.6% for retrospective study and 

48.2% for field follow-up study in Arsi-Negele. Belayneh (2012) also reported 75% for 

first service in North Shewa. Farmers may tend to natural service when conception fails. 

This may reduce the NRR for on farm study. 

 

2.4.5. Inter-service interval 

 

 Inter-service interval (ISI) is obtained by determining the interval of days between two 

successive services. The normal range of ISI for cows is 18-24 days. If 60% of cows‟ ISI 

lies within the normal range (18-24), it is recommended as normal Gaines (1989). Long 

ISI in dairy cows directly or indirectly affect the profit of the farm from milk production, 

increase calving interval and calving rate. Poor heat detection results long inter-service 

interval Mekonnen et al. (2010). Because, when farmers fail to detect heat, ISI may be 

doubled or tripled.  

Breed NSC Site Source 

Crossbreds    

Cross cows 4.91 on farms Adebabay  Kebede (2009) 

Cross cows 1.88 on farms Haileyesus Abate (2006) 

HF x lowland dairy cows 2.2 SSDP-L SDP Emebet and Zeleke (2007) 

Indigenous     

Fogera 1.54 on-station Gidey (2001) 

Highland zebu 1.77 on-station Azage et al. (1981) 

Indigenous cows 1.59 on farm Adebabay Kebede (2009) 

Indigenous cows 2.02 on farm Haileyesus Abate (2006) 

Boran 1.81 on-station Hailemariam and kassa (1994) 

Arsi 2.50 on-station Swensson I., (1981) 
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According to Mekonnen et al. (2010), inter-service interval was reported 39.8 days for 

retrospective study and 33.5 days for field follow-up in Arsi-Negele.  Fikru (1994) and 

Albero (1983) were reported ISI 29.2 days and 25.1 days respectively. Thus all the 

previous results indicated ISI is long and inefficiency of heat detection. 

 

2.4.6. Calving interval 

 

Calving interval refers to the period between two consecutive calving and is a function of 

days open and gestation length (Kedija, 2008 and Gidey, 2001). Calving interval is 

probably the best indicator of a cow's reproductive efficiency. Estimates of calving 

interval in zebu cattle range from 12.2 to 26.6 months (Mukassa-Mugrewa et al., 1989). 

Various works had also elucidated different values of calving interval for cattle in Ethiopia 

as indicated in Table 4 below. 

 

Table 4. Calving intervals of milk cattle in Ethiopia 

 

Breed CI (month)   sit Source 

Crossbreds     

Cross cows 16.2 On-farm Adebabay Kebede (2009) 

F1 Friesians 15.5 On-farm HaileyesusAbate (2006) 

HF x lowland dairy cows 17.8 SSDP-L SDP Emebet and Zeleke (2007) 

indigenous    

Fogera 18.6 On-station Gidey (2001) 

Barka 11. On- station Goshu (1981) 

Fogera 14.5 On- station Goshu (1981) 

Highland zebu 25.0 On- station Mukassa Mugrewa et al.(1989) 

Indigenous cows 26.0 On- farm Adebabay Kebede (2009) 

Arsi 12.9 On- station Swensson et al. (1981) 

Boran 15.5 On- station Hailemariam and Kassa (1994) 

Horro 12.2 On-station  
SSDP =Small Scale Dairy Producers; LSDP =Large Scale Dairy Producers; CI= calving interval 

 

 2.4.7. Pregnancy rate 

 

Pregnancy rate is a good overall measure of reproductive performance. It is calculated as 

the number of cows that got pregnant divided by the number of cows that were eligible to 

get pregnant. It is a measure of the speed at which cows get pregnant after the voluntary 

waiting period.  Pregnancy rate is the product of heat detection rates and pregnancy rates 

to inseminations at detected heats (conception rate).  
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2.4.8. Calving rate 

 

The annual calving rate is defined as a proportion of the number of calves dropped to the 

number of cows mated per year; i.e. it is a percentage of the number of calves dropped to 

the number of cows mated in a year (Rege and Tawah, 1999). The calving rate of Zebu 

cattle is generally low, particularly animals raised traditionally (Mukassa-Mugerwa, 

1989). On the other hand, Gebre-Egziabher and Mulugeta (1996) reported that calving rate 

of Horro and Horro crosses was 97.0% and 91.0%, respectively. The calving rate of Ghana 

short horn cattle ranged from 60%  to 70% (Rege et al., 1994a) and 80% for Korean 

Hanwoo beef cattle (Chan-Won, 1994). 

 

2.4.9. Semen quality assessment 

 

The quality semen of assessment parameters included semen physical appearance, sperm 

mass motility, individual progressive motility, sperm morphology and viability. The gross 

appearance of freshly collected bull semen has been described usually to be the first 

measure of quality made by the semen laboratory. The microscopic appearance of bull‟s 

semen varies between ejaculates, individual bulls, breed, and age. Normal bull semen is 

generally white or yellowish creamy in color (Zewdie et al., 2005).  

 

Motility of spermatozoa has been defined as the percentage of sperm cells that are motile under 

their own power and progressive motility of spermatozoa has been defined as those 

spermatozoa that are moving or progressing from one point to another in a more or less straight 

line (Bearden and Fuquary, 2000). In order to be acceptable, bull semen should have at least 

70% and 40% motility, respectively, at the time of collection and after freezing (Zewdie et al., 

2005).  

 

The measure of the live-dead sperm ratio may be useful in conjunction with the motility 

examination for a more complete analysis. A certain percentage of dead sperm may not be 

apparent in initial microscopic motility examinations, since these inactive sperm might be 

moved about merely by action of the live motile sperm. Studies have shown that the normal 

morphology of spermatozoa is composed of a head and a tail that is divided into a mid-piece, 

main-piece, and end-piece (Bearden et al., 2004). Fertile bulls show about 90% of the 
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morphologically normal sperms. According to previous studies Bearden et al., (2004), tailless 

sperms and sperms with looped tail, detachment of the sperm head and bending of the middle 

piece and tail around and over the sperm head (looped tails), sperms with coiled tails and 

detachment of the sperm head and bending of the middle piece and tail around and over the 

sperm head (looped tails), sperms with coiled tails are some of the abnormalities in semen. 
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3. MATERIAL AND METHODS 

 

 3.1. Description of the Study Area  

 

 3.1.1. Location and physical features of the study area 

 

The study was conducted in Eastern Zone of Tigray, Tigray National Regional State, 

Ethiopia. It is located in the northern part of Tigray region at a distance 832 Km from Addis 

Ababa. Eastern Tigray is bordered with Afar in the East, South east zone of Tigray in the 

south, central zone of Tigray in the west and Eritrea in the north. The zone has seven 

districts and 94 Tabias (Kebeles). The total area of the zone is 4717.5 km2 (CSA, 2006), 

of which about 58% is under cultivation, 9.36% grazing, 17.6% forest and bush land, and 

the rest 14.9% is used for other purposes (BoFED, 1998) (Fig 1). 

 

 

 

Figure 1. Map of the study districts in eastern zone Tigray 

 

The mean annual temperature of the zone ranges from 15 to 19
0
C. The zone has been 

classified into three agro-ecologies: high land (73.4 %), mid land (12.6%) and lowland 
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(14%). The altitude of the area ranges from 900m-3200m.a.s.l. (FAO, 2002). The average 

annual rainfall of eastern zone ranges from 400-800mm (BoARD, 2004). The major soil 

types in the area include black clay loam 'Walka' (20.3 percent), red clay loam „Baekel‟ 

(36.8%), sandy soil „Hutsa‟ (31.8%), red sandy loam „Mekhaih‟ (6.3%) and mixture of 

black and red clay loam (4.8%) (BoARD, 2004). 

 

The total human population of the zone as of July 2006 is 686,564. The female population 

accounts for about 52.1 % and remaining 47.9 % are male. The urban population of the 

zone is estimated to be 18.4 % (CSA, 2006).  

 

3.1.2. Economic activities of the study areas 

 

In the study area, cereals crop production account for about 84% of the total cultivated land, 

while oil crops and pulses constitute 9 and 7%, respectively (BoARD, 2000). The 

cultivated area coverage for the past five to six years showed that sorghum, barely and teff 

are the three most import cereal crops in the region (BoARD, 2000). It has also been 

estimated that there is 300,000 ha of potential irrigable land in the region (BoARD, 2004). 

 

Like in other parts of the country, the farming techniques used by most farmers in the 

study area are traditional and the dominant farming system is crop-livestock mixed 

farming. Livestock also constitute an important part of the rural economy of the region, as 

well as in the zone. Eastern Tigray Zone is believed to account for about 14% of the 

region‟s livestock population. Livestock are kept partly as source of capital, which can be 

turned into cash when required. The type of livestock found in eastern zone of Tigray is 

small ruminants, equines, camel, poultry, bees‟ colony and cattle. Among the livestock 

population of the zone the number of cattle population was estimated to be 357,888 heads 

(CSA, 2011/12). 

 

3.2. Sampling Technique 

 

This thesis research work involved survey, retrospective study, field follow up 

(monitoring) and semen quality analysis to evaluate the reproductive performance of dairy 
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cattle and artificial insemination service efficiency in the study area. Sampling techniques 

employed were random and purposive sampling methods as described here under. 

 

Eeastern Zone of Tigray where this study conducted has seven districts; Atsbi Wenberta, 

Ganta Afeshum, Gulomekeda, Hawzen, Irob, SaesiTsadaemba and Wukro kilte awlaelo. 

Among these seven districts four districts namely, Hawzen, Saesie-tsaeda-emba, 

Atsbiwenberta and Wukro Kilte Awlalo were selected purposively based on the availability 

of AI service. The districts selected were further stratified in to urban and peri-urban dairy 

production sub-system.  In this study, peri- urban refers to the production subsystem located 

at the outskirts of town at approximately 5 to 10 km distance from towns.  On the other 

hand, urban refers to raising dairy cows within the city/town. Consequently, 16 households 

were identified from each urban and peri-urban area. The sampled target households were 

further stratified in to two: artificial insemination service beneficiary and artificial 

insemination service non-beneficiary. Each stratum was composed of 64 respondents from 

the four districts. Thus, the total number of farms employed for the study was 128 (4 

districts *2 production systems [urban/peri-urban] * 16 households).  

 

The retrospective study was conducted in four districts of AI service centers and data was 

taken from the past records of the years 2009 to 2012. A total of 13944 AI service records 

were used for analysis to evaluate number of service per conception (NSPC).  

 

During the field monitoring study, 20 cows were sampled from AI beneficiary households 

from each urban and peri-urban farms in four districts (4 districts*2 production system*20 

cows) and the total number of cows monitored for artificial insemination service was 160. 

Monitoring was performed by the researcher and AI technicians without interfering the 

existing farmers practice.  

 

For laboratory analysis of semen four straws were taken for each breed of bulls from each 

of the 4 districts. Additional samples of straws were also taken from the regional AI 

center. While semen sample analyses for the regional AI center was conducted in Mekelle 

University, College of Veterinary Medicine, AI laboratory, semen sample analysis for the 

districts was done in Wukro College of agriculture. The sampled breeds were 100% 

Holstein Frisian, 75% Holstein Frisian  X  25% indigenous, 50% Holstein Frisian X 50% 
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indigenous and 100% Jersey. Therefore the total number of straw samples was 80 (5 [4 

districts+1 regional] *4 breeds*4 straws). 

 

3.3. Data Collection Procedures 

      

In this study data were collected from both primary and secondary sources using 

structured questionnaires (survey), field follow up (monitoring), laboratory evaluation and 

record books as described below.                     

 

3.3.1. Retrospective study 

 

During the retrospective study, data were collected from AI certificates and inseminator‟s 

record books of AI service station from four selected districts. The data recorded from 

2009 up to 2012 were used for the study. From this data the following parameters were 

estimated: 

 

 Number of services per conception (NSPC): was estimated as the average number 

of services required to conceive a cow/heifer  

 Non-return rate (NRR): this parameter was estimated by computing the percentage 

of inseminated cows/heifers at a particular period of time that did not return for 

second insemination (NRR to first service) or to third insemination (NRR to 

second insemination) and which are assumed to be pregnant.  

 Conception rate (CR): it was estimated by computing percentage of conceived 

cows to the number of inseminated cows 

 Inter service interval (ISI):  The inter-service interval was obtained by determining 

the interval of days between two successive services. 

 Calving rate (CLR): was estimated by computing percentages of cows/heifers that 

became pregnant from all inseminated cows/ heifers and calved.  

 Calving Interval (CI): was determined by computing the average time interval b/n 

two consecutive births. 

 Age at first service (AFS):  was determined by computing average age of heifers 

when they have got AI service for the first time  
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 Age at first calving (AFC):  average age of heifers when get calved for the first 

time.  

 

3.3.2. Field survey 

 

A field survey was conducted to collect information on major constraints that influence the 

success of AI service and related problems in the study area. To this end, structured 

questionnaires were developed, tested before implementation and used for the survey 

work. Pertinent data were collected on constraints and management practices regarding 

artificial insemination services and reproductive performance through the questionnaires.  

 

3.3.3. Field monitoring  

 

During the field follow-up part of the study, the following parameters were monitored to 

confirm the information collected from record book;  

 

 Number of services per conception (NSPC),  

 Non-return rate (NRR) to first service 

 Pregnancy rate at first service (PRFS):   

 Inter service interval (ISI):   

 

3.3.4. Semen quality analysis 

 

In this study the different factors that affect seminal quality were assessed using 

established laboratory techniques. After removal, the straws were allowed to thaw in 

boiled water at 34-35 degree Celsius for about 30 seconds before evaluation. For 

assessment of individual sperm progressive motility, a drop of semen was placed on a pre-

warmed slide and subjectively assessed using light microscope under a cover slip at 400 x 

magnifications (scored at 10% unit intervals) and was subjectively assessed.  For 

evaluation of live and dead sperm population (viability), a drop of semen was placed in a 

pre-warmed slide and stained with eosin and nigrosin mixed solution. Live and dead 

individual spermatozoa were counted under light microscope at 400 x magnification and 

their percentage was taken for analysis. Semen analysis was done based on the procedures 



22 
 

reported in literature (Herman et al., 1994, Bearden et al., 2004) as cited by Desalegn 

(2008). 

  

  3.4. Statistical Data Analysis 

 

Data gathered from the survey study was analysed using the descriptive statistics while 

data from the retrospective study and field monitoring were analysed using the General 

Linear Model procedure of SAS (SAS, 2008). Significant mean differences were 

examined using Tukey adjustment. 

 

The statistical models employed in this study were: 

 

Model-1 (Retrospective study) 

             Yijklm = µ + Di +SSj + DBk+ eijkl 

where; Yijklm =the observed reproductive performance parameters (AFS, AFC, CI, DO, 

NRR, NSPC, CLR, ISI,) in the ith district to l
th

 dam breed 

µ = the overall mean 

Di = the effect of the i
th

 district 

SSj = the effect of the j
th

 production subsystem (urban/peri-urban) 

Dk = the effect of the k
th

 dam breed 

eijkl = random residual error 

 

Model-2 (Monitoring + Survey part) 

  Yijkl = µ + Di + SSj + DBk+ eijkl 

where; Yijkl = the observed reproductive performance (NRR, ISI, PRFS) in the i
th

 district to 

k
th

 dam breed 

µ = the overall mean 

Di = the effect of the  i
th

 district 

SSj = the effect of the  j
th

 production subsystem 

DBk = the effect of the  k
th

 dam breed 

eijkl  = random residual error 
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Model-3 (laboratory analysis) 

 

            Yijkl = µ + Di + BRj + BTk + eijkl  

where Yijkl= the observed semen quality (motility, viability) in the i
th

 district to the k
th

 

batch.   

             µ = the overall mean 

             Di= the effect of the i
th 

district 

                 BRj= the effect of the j
th 

breed 

                 BTk= the effect of the k
th 

batch number 

                 eijkl= the random error 
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4. RESULTS AND DISCUSSION 

 

4.1. Household Characteristics 

 

Household characteristics in the current study districts are presented in Table 5. The 

overall mean age of farmers was 46.7±0.86 years. About 76.56% of the surveyed dairy 

cow owners (households) were male headed while 23.44% were female headed. About 

84.38% of the AI beneficiaries were headed by males and 68.75% AI non-beneficiaries 

headed by males. 

 

Among the AI beneficiary groups, 7.8% were aged less than 36 years old while 76.8% 

aged between 36 and 60, 15.6% aged greater than 60 years old. This indicates that 

participation of young aged households was less in dairy production of the study area, 

which might be due to the reason that majority of young aged households do not have own 

land to establish dairy farm and produce feed (use crop-residue). Moreover, they could not 

afford to establish dairy farm since the initial investment cost is difficult. The percentage 

of younger dairy cow owners of the current result (7.8%) was less than 20% reported by 

Belayneh (2012) for younger AI beneficiary households in North Shewa. 

 

Educational level of the households was assessed to reflect the level of technology 

adoption. Thus, about 26.56% of AI beneficiary household heads were illiterates, 51.56% 

can read and write, 14.06% had primary school education (grade 1-8), 4.69% had 

secondary school education (grade 9-12) and the rest 3.13% had a diploma and above. 

About 32.82% of the AI non-beneficiary household heads were illiterates, 51.56% can 

read and write, 14.06% had elementary school (grade 1-8) and 1.56% had secondary 

school (grade 9-12). Participation of educated smallholder farmers in dairy production was 

found better in AI beneficiaries than in AI non-beneficiaries. This might be a good 

opportunity for adoption of improved technologies such as artificial insemination, oestrus 

synchronization, heat detection and others. 
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Table 5. Household characteristics in the study districts 

 

Variable  District  

A/wenberta (n=32) Hawzen (n=32) K/awlaelo 

(n=32) 

S/ts/emba 

(n=32) 

Overall meam   

AI Ben AI non-

Ben 

AI 

Ben 

AI non-

Ben 

AI 

Ben 

AI non-

Ben 

AI 

Ben 

AI non-

Ben 

AI Ben 

(n=64) 

AI non 

Ben 

(n=64) 

Mean total 

(n=128) 

%     % %   % % % % % % % % 

Sex             

 Male  87.50 43.75 68.75 81.25 87.50 93.75 93.75 56.25 84.38 68.75 76.56 

 Female  12.50 56.25 31.25 18.75 12.50 6.25 6.25 43.75 15.62 31.25 23.44 

Education             

 Illiterate  12.50 43.75 31.25 37.50 31.5 25.00 31.25 25 26.56 32.81 29.69 

 Literate  43.75 43.75 50.00 50.00 56.25 43.75 56.25 68.75 51.56 51.56 51.56 

 E/school  31.25 12.50 12.50 6.25 0 31.25 12.50 6.25 14.06 14.06 14.06 

 S/school  6.25 0 0 6.25 12.50 0 0 0 4.69 1.56 3.13 

 >/=Diploma  6.25 0 6.25 0 0 0 0 0 3.13 0 1.56 

 year year year year year year year year year year year 

Age of hhh 44.25 40.37 50.93 48.00 49.31 47.37 50.00 43.25 48.6 44.8 46.7 
AI Ben = artificial insemination beneficiary; AI non-Ben = artificial insemination non-beneficiary; N = number of observation; hhh = household heads; A/wenberta = 

Atsbi-wenberta; K/awlaelo = Kilte-awlaelo; S/ts/emba = Saes-e-tsaeda-emba 
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4.2. Herd Size and Species Composition 

 

Average livestock herd size by districts and composition in the current study are presented 

in Table 6. The overall mean cattle holdings per household were 4.94±0.32 in the present 

study. The mean cattle holdings in AI service beneficiary and non-beneficiary households 

were 5.34±0.45 and 4.53±0.44, respectively. The proportion of cattle holding in the current 

study is lower than 10.19 and 9.92 heads reported for North Shewa (Belayneh, 2012) for AI 

beneficiary and AI non-beneficiary households, respectively. However, it was close to the 

5.41 and 3.85 reported for AI beneficiary and none beneficiary households, respectively, in 

North Gondar zone (Haileyesus, 2006). In the urban and peri-urban production systems the 

cattle herd size was 4.98±0.57 and 4.89±0.28 respectively. 
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Table 6. Average livestock composition in the study districts  

 

Livestock  

species 
District Overall 

mean A/wenberta Hawzen K/awlaelo S/ts/emba U P 

     n 32 32 32 32 64 64 128 

Cattle  3.09±0.27 5.34±0.30 7.37±0.98 3.93±0.44 4.98 4.89 4.94 

 Cows  1.62±0.12 1.84±0.14 2.93±0.60 1.71±0.24 2.29 1.76 2.03 

o Indigenous  0.18±0.07 0.56±0.11 0.84±0.14 0.34±0.09 0.23 0.73 0.48 

o Crossbred 1.43±0.14 1.37±0.20 2.06±0.66 1.37±0.27 2.07 1.04 1.56 

 Heifers  0.34±0.09 1.28±0.11 1.34±0.15 0.43±0.09 0.92 0.78 0.85 

 Male calves 0.40±0.09 0.50±0.10 0.90±0.15 0.50±0.10 0.54 0.60 0.58 

 Female calves 0.59±0.10 0.81±0.11 1.00±0.23 0.78±0.10 0.92 0.67 0.80 

 Oxen  0.25±0.10 0.62±0.13 1.18±0.14 0.40±0.10 0.37 0.85 0.62 

 bulls 0.03±0.03 0.40±0.08 0.53±0.10 0.25±0.07 0.20 0.40 0.30 

 Sheep  2.68±0.66 6.65±0.87 5.78±1.02 5.84±0.66 3.40 7.07 5.24 

 Goats 0.31±0.31 0.12±0.08 2.84±1.15 0.06±0.06 0.15 1.51 0.84 

 Donkeys  0.37±0.12 0.93±0 0.96±0.16 0.71±0.15 0.37 1.12 0.75 

 Mules  0.06±0.06 0.06±0.04 0.09±0.06 0 0.10 0 0.05 

N = Number of observation; P = Peri-urban; U = Urban; OM= Overall mean; Atsbi-wenberta; K/awlaelo = Kilte-awlaelo; S/ts/emba = Saes-e-tsaeda-emba 
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4.3. Feed Resources and Feeding System 

 

In the study area, the availability of feed resources varied with season with respect to type 

of feed, quantity and quality. The feed resources available to livestock in the urban 

production system include crop-residue, hay, “atela”, vegetable residues and concentrates 

as supplementary. About 74% of the AI beneficiaries and 67.19% of the AI non-

beneficiaries use concentrates (wheat bran, wheat short and oil seed cakes) in the study 

area. In the peri-urban production system, the principal dry season feed resources include 

crop-residue, hay and green fodders from their irrigation (cut and carry system). Whereas, 

during the wet season, the principal feed resources include crop-residue, green fodders, 

weeds and grazing if they have small grazing areas in their descending order of magnitude. 

Sources of feed for majority of the surveyed households were found from local markets. It 

was reported by the farmers that the cost of livestock feed is increasing from time to time 

due to the expansion of dairy and beef farming around towns. 

 

 

 

Figure 2. Alfalfa mixed with maize during dry season for dairy cows feed at irrigation site 

 

Farmers feed their animals by mixing different concentrate feeds and “atela” with 

roughages (Table 7). According to the surveyed smallholder farmers, dairy cows fed 

mixture of crop-residue and wheat bran, wheat short and by-product of local beverage 

“atela”. 
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In the study area, 65.62% of AI beneficiaries and 59.37% of AI non-beneficiaries use 

improved forages from owned or rented irrigated lands beside vegetables. The green 

forages used are Elephant grass (Pennisetnm purpureum), Alfalfa (Medicago sativa), 

Sesbania (Sesbania sesban), Leucaena (Leucaena leucocephala), Pigeon pea (Cajanus 

cajan) and green maize Stover from their irrigation. About 52% of the surveyed 

smallholder farmers used improved green forages for supplementation. Common salt and 

urea molasssess block are used as mineral sources in the study area. In Kilte-awlaelo, 

Hawzen and Saes-e tsaeda emba peri-urban areas cactus was used for both as 

supplementary instead of green feeds during dry season and as main feed when drought 

occurred. 91.41% of the respondents suggested feed problem is common in the study area 

especially during dry season. They buy in group from rural areas of Kilte-awlaelo having 

good feed availability and sometimes off take (reduce herd) some of their cattle. 

 

Table 7. Feed resources commonly used and feed related problems in the study area 

 

Variables  Response percentage (%) 

Improved forages  62.50 

Crop-residues  100 

Minerals   

 Salt  46.88 

 Urea molasses block  20.31 

Concentrates  71.1 

Dominant crop residue   

 Barley  44.53 

 Barley and wheat 21.87 

 Wheat  33.59 

supplementation  

 Farmers with supplementation 91.41 

 Farmers with no supplementation 8.59 

Feed shortage   

 Dry season  72.66 

 Rainy season 18.75 

 No feed problem 8.59 

Solutions for feed problems  

 Off take of cattle 2.34 

 Buying from available area 87.5 

 Use cactus as supplementation 46.87 

 Grass from area of closure 22.6 
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In addition to the major feed resources, locally available non- conventional feed resources 

are used in the study area. This includes “atela”, “kilat beles” (in Tigrigna), pea hull, vetch 

hull and bean hull. Atela is fed by mixing with crop-residue and concentrates. The pulse 

hulls (pulse local by-products) are used as supplementary feeds especially for calves. 

 

4.4. Water sources of the study districts 

 

The major water source in the study area includes river, tap-water and wells. Scarcity of 

water is the most dominant problem especially in Kilte-awlaelo district. Distance, 

sanitation problem and parasites are other problems next to scarcity of water, respectively. 

About 46.88% of the surveyed households had no water related problems. 

 

4.5. Housing management 

 

Cattle housing types prevalent in the study area were generally small structures, which are 

made of corrugated metal sheets (both wall and roof) (7.03%), plastic shed (15.63%) or 

stone made (77.34%) houses (Table 8; Figure 3). Most of the farms use free stall with 

feeding trough. All dairy cows were also managed together and calves kept in one corner 

of the same house. Separate calf pen made of wood or metal sheet are also used by some 

dairy producers. The major problems of the dairy farms regarding housing in the study 

area were lack of space and cost of construction material.  

 

Table 8. Types of houses in the study area 

 

Vaiables Response percentage (%) 

Type of housing   

 Plastic shed  15.63 

 Stone made  77.34 

 Metal sheet made  7.03 

Type of feed trough  

 Made of car tyre 47.66 

 Stone made 52.34 

Problems in housing  

 Cost 7.81 

 Lack of space 27.84 
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Figure 3. Housing system in the study area both wall and roof made of metal sheet [a] a/or 

stone [b]  

 

4.6. AI Service Delivery System, Breeding Management and their Constraints 

 

Dairy cattle practices and AI service delivery system were assessed in the study area 

(Table 20). Majority of the AI beneficiaries (82.8%) interviewed reported that they get AI 

service on time and regularly, while about 17.2% reported that they do not get the service 

due to lack of communication with AI technicians, distance from the AI centre, and lack of 

service on weekends and holidays. About 85.9% of the surveyed households reported that 

AI technicians were committed and willing to give service at any time. However, there is 

shortage of AI technicians to deliver effective AI service without interruption in the study 

area. 

 

Heat detection is an important task in dairy production. In this study, most farmers 

(71.8%) practice heat detection regularly, and mostly twice a day in the morning and 

evening. According to Belayneh (2012), about 77.5% of dairy producers in North Shewa 

zone use regular follow up during morning and night to detect cows in oestrus. It was also 

reported that most of the AI beneficiaries (89.06%) breed their cows within 8-12 hours 

after the start of oestrus signs. 

 

a b
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Table 9. Artificial Insemination service delivery system and heat detection in the study 

area 

  

variables Response percentage (%) 

AI services delivery systems  

 -Farmers get service regularly 82.81 

 -Farmers not get service regularly 17.19 

 -Lack of communication due to distance 14.06 

 -Lack of service on weekends and holidays 3.13 

 -Use bull in the absence of technician   37.50 

 -Wait for next 21 days heat 62.50 

Communication  for AI service  

 -At AI centre  45.31 

 -Phone calling 54.69 

Sex of calves born from AI  

 -Equal ratio 29.69 

 -Female  17.19 

 -Male  53.13 

Traditional heat initiation  

 -Feeding management 

 -letting the cow with bull 

 -Stop milking until serviced 

12.50 

2.34 

11.64 

 

 

It was reported that AI beneficiaries receive trainings regarding heat detection and AI 

service from wereda office of agriculture, research institutes, agricultural college and 

NGOs. In the study area farmers use different methods to let dairy cows come for estrus. 

These were providing good quality feeds, stop milking until serviced and letting the cow 

with bull.  

 

The major behavioural oestrus manifestations used for breeding by most of the surveyed 

households included bellowing, loss of appetite, vaginal discharge and enlargement of 

vulva, mounting, restlessness and milk reduction. However, heat detection was influenced 

by lack of recording system, lack of follow up, silent heat and lack of feed. 
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4.7. Reproductive Performance of Dairy Cows 

 

4.7.1. Age at first service (AFS) 

 

The effect of district, production system and breed on age at first service (AFS) is 

presented in Table 10. The result indicates that the overall mean AFS were 30.3±0.42 and 

39.3±0.49 months for crossbred and indigenous cows respectively. The results on AFS 

recorded for crossbreds in the present study is higher than 27.5 and 25.6 months reported 

for HFxIndigenous breeds in  Debre-birhan, Jima, Sebeta and Diredewa (Zewdie et al., 

2011; Emebet, 2007). On the other hand, the results on the same parameter observed for 

local cows in the present study is lower than 44.8 months  reported for Fogera cows (Gidey, 

2001), but higher compared to 34.4 months reported for Ogaden cows (Getnet, 2005). 

 

Table 10. Mean (±SE) age at first service (AFS) of dairy cows in Eastern Tigray zone  

 

Variables N Age at First Service 

(months)  

Overall mean 320 44.0±0.40 

Effect of breed  * 

 Crossbred (HFx indigenous) 160 30.3±0.42
b
 

 Indigenous (Arado) 160 39.2±0.49
a
 

Effect of district  * 

 W/k/awlaelo 80 33.6±0.81
b
 

 A/wenberta 80 35.0±0.80
ab

 

 S/ts/emba 80 34.6±0.79
ab

 

 Hawzen 80 35.9±0.85
a
 

Effect of  production system  * 

   Urban 160 33.3±0.54
b
 

   Peri-urban 160 36.2±0.
a
 

*= p < 0.05; ns= non-significant; 
a-b

Means with the same superscript for the same effect are not 

significantly different (p> 0.05). 

 

The mean AFS was affected (p < 0.05) by breed, district and production system. 

Consequently, it was longer for indigenous than crossbred cows, and for cows in peri-urban 

than urban areas. Among the districts compared, AFS was longer for Hawuzen compared to 

W/k/awlaelo district.  There was no difference (p>0.05) in AFS among the other districts 

compared. The difference in AFS between the production systems is due to the 

management factors since cows in urban production system receives better management 
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and nutrition (supplemented) compared to cows in peri-urban areas. Similarly, Belayneh 

(2012) reported that well-fed heifers grow faster, and served & conceive earlier compared 

to their contemporaries managed poorly (Belayneh, 2012).  

 

4.7.2. Age at first calving (AFC) 

 

The effect of breed and production system on AFC was significant (p<0.05) while it was 

not different (p>0.05) for district (Table 11.) The present result of AFC recorded for 

crossbred cows was found to be higher than the values reported for similar breed earlier 

(Zewdie et al, 2011; Emebet, 2007; Adebabay, 2009; Azage, 1981; Haileyesus, 2007; 

Moges and Baars, 1998). On the other hand, the present result was consistent with 37.9 

months (Mulugeta and Belayneh,2013), 39.8 months (Belayneh, 2012) and 38.2 months 

(Mokonnen and Goshu, 1996) reported for crossbred dairy cows in different part of the 

country. 

 

 Table 11. Mean (±SE) age at first calving (AFC) of dairy cows in Eastern Tigray zone 

 

Variables N Age at first calving (months)  

Overall mean 320 44.0±0.40 

Effect of breed  * 

  Crossbred (HFx indigenous) 160 39.6±0.40
b
 

  Indigenous (Arado) 160 48.5±0.48
a
 

Effect of district  ns 

 W/k/awlaelo 80 42.9±0.80 

 A/wenberta 80 44.2±0.79 

 S/ts/emba 80 43.9±0.77 

 Hawzen 80 45.2±0.83 

Effect of production system  * 

 Urban 160 42.6±0.54
b
 

 Peri-urban 160 45.5±0.57
a
 

*= p < 0.05; ns= non-significant; Means with the same superscript are not significantly different (p 

> 0.05). 

 

The result found for indigenous cows in the current study was shorter than 54.6 months 

reported for Fogera (Gidey, 2001), 53 months reported for Highlnad zebu (Mukasa-

Mugerwa et al,1989) and  53.5 months reported for indigenous (Adebabay, 2009) cattle 

breeds. However, it was comparable with 47.1 months reported for indigenous breeds in 



35 
 

North shoa (Mulugeta and Belayneh, 2013), but longer  than 45 months reported for Boran 

(H/Mariam and Kassa, 1994) and 30.3 months reported for Barka (Goshu, 1981) cows.  

 

4.7.3. Calving interval (CI) 

 

The overall mean calving interval was 14.2±0.15 and 16.7±0.23 months for crossbred and 

indigenous cows, respectively, in the study area (Table 12). The results obtained in this 

study for crossbred cows is lower than 17.8 months reported by Emebet (2007), 16.2 

months reported by Adebabay (2009), but almost comparable with 15.55 months reported 

by Haileyesus (2006) 16.2 months by Adebabay (2009) for similar breeds in the country. 

On the other hand, the results of the current study for local cows was longer than 12.2 

months reported for Horro breed (McDowell, 1971) , 12.9 months reported for Arsi breed 

(Swensson et al, 1981), and 11.8 months reported for Barka breed (Goshu, 1981). Ideally 

dairy cows are expected to calve every 365 days. But, poor nutrition, poor heat detection 

and inefficiency of AI technicians made CI longer. 

 

Table 12. Means (± SE) of calving interval (CI) of dairy cows in Eastern Tigray zone 

 

Variables N Calving interval (months)  

Overall mean 320 15.5±0.15 

Effect of breed  * 

 Crossbred (HFx indigenous) 160 14.2±0.15
b
 

 Indigenous (Arado) 160 16.7±0.23
a
 

Effect of district  ns 

 W/k/awlaelo 80 15.3±0.33 

 A/wenberta 80 15.5±0.30 

 S/ts/emba 80 15.5±0.30 

 Hawzen 80 15.6±0.29 

Effect of production system  * 

 Urban 160 14.9±0.17
b
 

 Peri-urban 160 16.0±0.25
a
 

N = number of observations; SE = standard error 

*= p < 0.05; ns= non-significant; Means with the same superscript are not significantly different (p > 0.05). 

 

This study demonstrated that CI was affected (p<0.05) by breed and production system but 

not different (p>0.05) among the districts compared.  The difference of CI between 

indigenous and crossbred dairy cows may be attributed to their genetic variation. Nutrition 

is the main factor for the difference in the production systems (urban and peri-urba). 
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4.7.4. Days open till conception (DO) 

 

The overall mean for days open (DO) recorded in this study was 157±4.52 and 230±6.91 

months for crossbred and indigenous dairy cows, respectively (Table 13). The mean DO 

obtained for crossbred cows in this study is shorter than 214 days reported for crossbred 

(Belayneh, 2012) and 218.5 by (Emebet, 2007) for lowland crosses. However it is 

consistent with 155.7 day reported for crossbred crossbreds (Belay, 2010) and longer than 

137 days by Yifat (2009) for crossbred. 

 

Day open was affected (p<0.05) by breed and production system where crossbred dairy 

cows had shorter DO compared to indigenous cows. The mean DO obtained  for local 

breeds in this  study was a bit longer than 215.7 days reported for highland indigenous 

cows (Azage, 1981) and a bit shorter than 250.7 days reported for lowland indigenous cows 

(Azage, 1981). Similarly, dairy cows in urban production system had shorter DO than cows 

in peri-urban production system. However, there was no difference (p>0.05) in DO among 

the districts compared.   

 

Table 13. Means (± SE) of days open (DO) of dairy cows in Eastern Tigray zone 

 

Variables N Days open (months) 

Overall mean 320 194±4.6 

Effects of breed  * 

 Crossbred (HF x indigenous) 160 157±4.52
b
 

 Indigenous  160 230±6.91
a
 

Effect of district  ns 

 W/k/awlaelo 80 188±10.0 

 A/wenberta 80 195±9.13 

 S/ts/emba 80 196±8.99 

 Hawzen 80 197±8.72 

Effect of production system  * 

 Urban 160 177±4.97
b
 

 Peri-urban 160 211±7.52
a
 

N = number of observations; SE = standard error 

*= p < 0.05; ns= non-significant; Means with the same superscript are not significantly different (p > 0.05). 
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4.7.5. Inter service interval (ISI) 

 

The mean inter service interval (ISI) based on retrospective and field monitoring studies is 

presented in Table 14. The overall mean inter service interval (ISI) from the retrospective 

study was 27.8±1.21 and 24.6±1.13 days for crossbred and indigenous dairy cows, 

respectively. The percentage of cows within the recommended range of 18-24 days based 

on the retrospective study was 59.6 % (n=320). Consistent with the retrospective findings, 

the mean ISI during the field monitoring period was also 27.1±1.42 and 23.7±1.04 days for 

crossbred and indigenous cows, respectively. Consequently, the percentage of cows those 

had ISI within the recommended range was 62.5 % (n=80). Both the retrospective and field 

monitoring studies confirmed that the mean ISI of most of the dairy cows in the current 

study was within the recommended range.  The finding was in agreement with literature 

(60%) Gaines, (1989). 

 

Table 14. Mean (±SE) inter service interval (ISI) for dairy cows in the study areas   

 

Variables 

 

N Inter service interval 

Based on Retrospective 

study (d) 

N Inter service interval 

Based on Field 

monitoring study (d) 

Overall mean 320 26.2±0.83 80 25.4±0.89 

Effect of breed  *  ns 

 HF x indigenous  160 27.8±1.21
a
 40 27.1±1.42 

 Indigenous  160 24.6±1.13
b
 40 23.7±1.04 

Effect of district  *  ns 

 K/awlaelo 80 21.7±0.55
c
 20 24.5±1.54 

 A/wenberta 80 22.8±1.40
bc

 20 26.1±2.21 

 S/ts/emba 80 32.4±1.77
a
 20 24.6±1.69 

 Hawzen 80 28.0±2.20
ab

 20 26.6±1.71 

Effect of production system  ns  ns 

 Urban 160 27.4±1.34 40 25.7±1.24 

 Peri-urban 160 25.1±0.98 40 25.1±1.30 

*= p < 0.05; ns= non-significant; Means with the same superscript are not significantly different (p > 0.05). 

 

The mean ISI obtained for crossbred cows in both the retrospective and field monitoring 

study was shorter than 39.8 and 33.5 days generated from retrospective and field follow-up 

study, respectively (Mekonnen, et al, 2010). However, it is almost comparable with the 

values reported for indigenous cows (24.6±1.13 and 23.7±1.04 days) in both the 

retrospective and field monitoring study (Mekonnen, et al, 2010). The short ISI recorded in 
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the current study compared to literature for local cows may be attributed to better heat 

detection practices because they detect heat with the help of steers/oxen, while long ISI for 

crossbreds might be attributed to poor heat detection practices (do not helped by steers).  

 

4.7.6. Conception rate (CR) 

 

The mean conception rate (CR) based on retrospective and field follow up studies is 

presented in Table 15. The overall mean conception rate attained in the retrospective study 

was 76.1±2.28 % while it was 73.1±2.37 % from field monitoring. The difference in CR 

between the two studies may be due to the fact that farmers may use bull service when their 

cows fail to conceive through AI. The finding is higher than 48.3% reported by Woldu et al 

(2011) and 54.15% reported by Haileyesus (2006). Conception rate among districts of the 

study area turned out to be none significant.  

 

Pregnancy rate to first service based on field monitoring was 60.0±2.42 % in the study area. 

This result was higher than 34.5-46.7% reported in the literature (Samsson, 2001; Shiferaw 

et at, 2003; Belachew, 2003; Bekana, 1988; Mekonnen et al, 2010). However, the finding 

lies within the recommended range of 45-60% (Gaines 1989) and 61.7% (Azage et al, 

2012) reported for oestrus synchronized cows at Adigrat and Mekelle milkshed, 

respectively. 

 

Table 15. Means (± SE) conception rate (CR) of dairy cows in the study areas 

 

Variables N Conception Rate 

(Based on 

Retrospective 

Study; n=12980) 

N Conception Rate 

(Based on Field 

Monitoring 

study; n=160) 

Overall mean 16 76.1±2.28 16 73.1±2.37 

Effect of district  Ns  Ns 

 W/k/awlaelo 4 72.1±3.85 4 70±4.08 

 A/wenberta 4 73.8±1.11 4 75±5.0 

 S/ts/emba 4 76.4±8.0 4 70±0.0 

 Hawzen 4 82.0±2.18 4 77.5±7.5 

Effect of year  Ns   

 2009 4 82.4±6.21   

 2010 4 74.9±3.65   

 2011 4 73.3±5.34   

 2012 4 73.8±2.26   
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There was no difference (p>0.05) in CR among the different districts compared, both in 

retrospective study and field follow-up. Similarly, the effect of year on CR was not 

apparent (p>0.05) in this study. 

 

4.7.7. Non-return rate (NRR) 

 

Non-return rate (NRR) in the study area based on retrospective study and field follow up is 

presented in Table 16. The retrospective study covered the period 2009-2012 where the 

total number of dairy cows included in this study was 12980.  Accordingly, the NRR for 

the first service was 91.9 ±0.93 % while for the 2
nd

 and 3
rd

 AI services it was 7.32±0.79 % 

and 1.06±0.35 %, respectively. This result is higher than 75 % reported by Belayneh 

(2012), 86.6 % reported by Mekonnen et al (2010), 74.78-78.5 % reported by NAIC and 

70.8% reported by Samsson (2001). The differences between the current study and 

literature might be attributed to differences in timing of insemination, and heat detection 

efficiency of farmers.  

 

The field monitoring study demonstrated that NRR for first service in the current study was 

85.6±1.57%. The finding was higher than 48.2% reported by Mekonnen et al (2010) for 

field follow-up. The higher NRR recorded for retrospective study compared to field follow 

up  may be due to the fact that some farmers use bull service  in case when insemination 

failure and did not bring their cows back for AI. 

 

Table 16. Means (± SE) non-return rate (NRR) of dairy cows in the study areas 

 

Variables N  

 

 

Non-return rate 

Based on Retrospective  

Study (%) 

N Non-return rate Based 

on Field monitoring 

study (%) 

   NRR1
st
S NRR2

nd
S NRR3

rd
S  NRR1

st
S NRR2

nd
S 

Overall mean 16  91.9±0.93 7.3±0.79 1.0±0.35 16 85.6±1.57 14.4±2.03 

Effect of district   *    ns  

 W/k/awlaelo 4  94.8±1.15
a
 4.8±1.08 1.56±1.24 4 87.5±2.5 12.5±2.5 

 A/wenberta 4  93.2±1.11
a
 6.5±0.76 0.26±0.10 4 87.5±4.79 12.5±4.79 

 S/ts/emba 4  87.7±0.97
b
 10.7±0.90 1.54±0.41 4 85.0±2.89 15.0±6.45 

 Hawzen 4  91.9±2.28
ab

 7.2±1.96 0.86±0.57 4 82.5±2.5 17.5±2.5 

*= p < 0.05; ns= non-significant; Means with the same superscript are not significantly different (p > 0.05). 
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4.7.8. Number of service per conception (NSPC) 

 

The overall mean number of services per conception of the study was 1.79±0.07 and 

1.59±0.05 for the retrospective field follow-up, respectively (table 12). The mean NSPC for 

crossbred and indigenous were 1.74 and 1.84, respectively, in the retrospective study. The 

mean NSPC for crossbred in the retrospective study lies almost equal with the results 1.7 

and 1.88 reported by Yifat et al (2009), and Haileyesus (2006), respectively, for crossbreds. 

However, it was lower than 2.2 reported by Emebet (2007) and 4.91 Adebabay (2009) for 

crossbred. For the indigenous, the NSPC was lower than 2.02 reported by Haileyesus 

(2006) for local breed and 2.5 reported by Swensso (1981) for Arsi breed. But, it was 

consistent with the result reported by Hailemariam and Kssa (1994). 

 

The mean NSPC in the study area had no significant difference among districts (p > 0.05). 

Similarly, it was not different among the years 2009-2012 where sample of the 

retrospective study had taken. 

 

Table 17. Means (± SE) number of service per conception (NSPC) in the study areas 

 

Variables N NSPC Based (on 

Retrospective study; 

n=13944 inseminations) 

N  NSPC (Based on  

 Field monitoring study; 

n=183 inseminations) 

Overall mean 32 1.79±0.07 16 1.59±0.05 

Effect of breed 

 HF x indigenous 

 Indigenous 

 

16 

16 

ns 

1.74±0.10 

1.84±0.09 

8 

8 

ns 

1.58±0.07 

   1.60±0.0.09 

Effect of district  ns  ns 

 W/k/awlaelo 8 1.73±0.12 4 1.62±0.10 

 A/wenberta 8 1.80±0.12 4 1.52±0.12 

 S/ts/emba 8 1.86±0.15 4 1.64±0.09 

 Hawzen 8 1.78±0.17 4 1.56±0.16 

Effect of year  ns   

 2009 8 1.87±0.09   

 2010 8 1.88±0.10   

 2011 8 1.68±0.17   

 2012 8 1.73±0.16   

N = number of observations; NSPC = number of service per conception; SE = standard error; ns= non-

significant; 
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4.7.9. Calving rate (CaR) 

 

The overall annual mean calving rate in the current study was 38.6±3.61 for crossbred and 

indigenous (Table 18).This result is very much lower compared to 97% reported for 

indigenous Horro breeds and 91% reported for crossbreds of Horro breeds (Gebre-

Egziabher and Mulugeta, 1996). The finding is also lower than 74.2 reported for Ogaden 

breeds (Getnet, 2005). However, it is comparable to 40% for Boran (Million and 

Alemayehu, 2002). It is also lower than 46% reported for highland zebu (Mukasa-

Mugerwa, 1989). The differences in CaR between the present result and literature might be 

attributed to differences in breeds, managements and study type (on-farm and on-station). 

The current study was carried out on-farm where AI technicians might not be able to collect 

all calves dropped in the year. They are dependent on the farmers report on parturition. This 

could be the reason that why the annual calving rate in the current study was low. 

 

Table 18. Mean (±SE) annual calving rate (CaR) of dairy cows the study districts 
 

Variables N Calving rate (%; n= 5374 births) 

Overall mean 16 38.6±3.61 

Effect of district  ns 

 W/k/awlaelo 4 39.5±2.72 

 A/wenberta 4 28.8±4.25 

 S/ts/emba 4 41.9±5.11 

 Hawzen 4 44.0±12.8 

Effect of year  ns 

 2009 4 31.8±4.09 

 2010 4 29.4±6.79 

 2011 4 43.0±4.44 

 2012 4 50.1±9.14 

 

 

4.8. Frozen Semen Quality 

 

4.8.1. Individual progressive motility of frozen semen 

 

The overall mean per cent frozen semen progressive individual motility in the studied 

districts was 48.4±0.48 % (Table 19). This result is a bit lower than 51.7% reported by 

Desalegn (2008), 51.5% reported by Tadesse (2010) and 53.1% reported for the National 
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Artificial Insemination Centre (NAIC) (Desalegn, 20008). . However, it is higher than 

44.5% reported by Belayneh (2012). 

 

District and breed had significant effect (p < 0.05) on sperm individual progressive 

motility. The difference among districts might be related to differences in semen handling 

and storage among AI technicians.  

A study by IAEA and FAO (2005) indicated that if there are 40% or more of semen 

moving actively forward after freezing and thawing the quality of the semen is acceptable 

for artificial insemination.  This shows that semen individual progressive motility in the 

current study was acceptable for AI. 

 

Table 19. Mean (±SE) of frozen semen individual progressive motility 

 

Variables N Sperm Individual Progressive Motility (%) 

 

Overall mean 80 48.4±0.48 

Effect of district  * 

 W/k/awlaelo 16 48.8±0.66
a
 

 A/wenberta 16 44.7±0.75
b
 

 S/ts/emba 16 49.1±1.02
a
 

 Hawzen 16 50.6±1.54
a
 

 Mekelle (distributer) 16 48.9±0.55
a
 

Effect of breed   * 

 100% HF 20 52.4±1.05
a
 

 75% HF 20 46.0±0.47
c
 

 50% HF 20 46.5±0.36
bc

 

 100% Jersey 20 48.8±0.99
b
 

Effect of batch number  ns 

 B1 40 48.4±0.75 

 B2 40 48.4±0.60 

N = number of observations; B1= batch number one = production date 2012; B2 = batch number two = 

production date 2013; SE = standard error 

 

4.8.2. Frozen semen viability (live/dead percentage) 

 

The overall mean frozen semen viability at the study districts was 51.5±0.58% (Table 20). 

The result was lower than 67.0% reported by Tadesse (2010) and 57.6% reported by 

Belayneh (2012). The current study indicated that frozen semen viability was significantly 

(P < 0.05) affected by district and breed, whereas batch had no effect (p > 0.05) on frozen 
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semen viability. The viability test of spermatozoa in the NAIC was recorded to be 72.2% 

implying that the current result was low. The difference may be attributed to differences in 

semen handling, freezing, and storage practices between NAIC and district AI centers. 

Since frozen semen is expected to be transported to district AI centers, factors related to 

transportation do also affect semen quality at district level compared to NAIC.    

 

Table 20. Mean (±SE) of frozen semen viability (live/dead %) 
 

Variables N Mean±SE viability 

Overall 80 51.5±0.58 

Effect of district  * 

 W/k/awlaelo 16 51.4±0.80
ab

 

 A/wenberta 16 47.8±0.82
b
 

 S/ts/emba 16 53.2±1.59
a
 

 Hawzen 16 53.8±1.78
a
 

 Mekelle (distributer) 16 51.3±0.63
ab

 

Effect of breed  * 

 100% HF 20 56.4±1.39
a
 

 75% HF 20 48.4±0.52
c
 

 50% HF 20 49.7±0.47
bc

 

 100% JERSEY 20 51.6±1.11
b
 

Effect of batch number  ns 

 B1 40 51.7±0.90 

 B2 40 51.4±0.75 

N = number of observations; B1= batch number one = production date 2012; B2 = batch number two = 

production date 2013; SE = standard error 
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5. SUMMARY AND CONCLUSIONS 

 

5.1. Summary  

 

The study was conducted to evaluate reproductive performance and  efficiency of artificial 

insemination service of dairy cows in Eastern Tigray zone, Northern Ethiopia. The study 

involved field survey to assess dairy cattle management practices, retrospective study to 

evaluate the efficiency of AI service, and field monitoring to confirm the retrospective 

study. A total of 128 households (64 AI beneficiary and 64 AI non-beneficiary 

households) were selected purposively from 4 districts for the study and interviewed using 

semi-structured questionnaire. Retrospective study covered the period 2009-2012 and field 

monitoring was conducted on 160 cows. Sperm quality was assessed on 80 straws of 

frozen semen drawn from the AI centre of four districts and  sub-centers.  

 

The study showed that about 76.56% of the surveyed households were male headed. 

About 73.44% of the surveyed AI beneficiary households were literate, which is a good 

potential for adoption of improved technologies in dairy husbandry.  The overall mean  

cattle per household was 4.94±0.32. Herd size of crossbred dairy cows in AI beneficiary 

households was 1.89±0.30 while in AI non-beneficiary households it was 1.23±0.22. The 

mean age at first service was 30.3 and 39.3 months for crossbred and local cows, 

respectively. There was no significance (p > 0.05) difference among districts but it was 

affected by breed and production system. The mean age at first calving in the current study 

was 39.6 and 48.5 months for crossbred and indigenous cows, respectively. Age at first 

calving was also significantly (p < 0.05) affected by breed and production system. The 

mean calving interval for crossbred and local cows was 14.2 and 16.7 months, 

respectively. The mean days open was found to be 157.4 and 230.0 days for crossbred and 

local cows, respectively. Both calving interval and days open were significantly affected 

(p<0.05) by breed and production system while district had no effect.  The mean inter 

service interval in the retrospective and field monitoring study were 27.8 and 24.6 days 

and 27.1 and 23.7 days for crossbred and local cows, respectively, and this was 

significantly affected (p<0.05) by breed. About 59.69% of the cows in retrospective and 

62.5% of the cows in the field monitoring fall into the normal inter service interval (18-

24).  
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In both the retrospective and field monitoring studies, district and year had no significant 

effect on conception rate (CR) in the current study. Pregnancy rate to first service was 

consistent with the recommended rate (45-60). Non-return rate was affected significantly 

by district.   The mean NSPC (1.79) in the study was not significantly different among  the 

districts (p > 0.05). Similarly there was no difference among the years 2009-2012 

compared. The overall mean calving rate in the current study was 38.6%, which is very 

much lower compared to previous results. District and year had no significant effect on the 

calving rate in the current study. 

 

The overall mean frozen semen progressive individual motility at district level was 48.4%, 

and this was significantly (p<0.05) affected by district and breed. The current result was 

more than 40%, which is acceptable for artificial insemination service.  The overall mean 

frozen semen viability at the study districts was 51.5%., and it was significantly affected 

(p<0.05) by district and breed; whereas batch had no effect (p > 0.05). The result is lower 

than the viability test recorded (72.27%) in the NAIC for same batch.   

 

Availability of feed resources varied with respect to type of feed, quantity and quality. 

Crop-residue mixed with “atela” is used as main feed for the longest period of the year. 

Feed shortage in quantity as well as quality is severe in the study area.  

 

5.2. Conclusion and Recommendation 

 

Based on the current study, the following sets of conclusions and recommendations were 

suggested to improve efficiency of AI service and reproductive performance of crossbred 

and local cows.  

 Generally, the current study indicated that most reproductive performance 

parameters were low compared to the recommended literatures. The major factor 

that affected reproductive performance of dairy cows in the study area was feed. 

Therefore, the extension system is advised to focus on improved forage 

development and search on alternative feed resources. 

 Lack of herd record, lack of follow up and distance to AI canters are influencing 

the AI delivery system. Thus, improved technologies, such as efficient heat 
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detection and improved husbandry practices should be given attention in adoption 

to smallholder dairy producers. 

 Semen quality was affected due to transportation, poor handling and storage. 

Therefore, the quality of frozen semen should be regularly checked starting from 

the production and processing centre to the respective AI centres for their handling 

before insemination.  

 

5.3. Scope for Future Work 

 

 Efforts should be geared towards forage development in the area.  

 Introducing hormonal oestrus synchronization to enhance reproduction of dairy 

cows along with better oestrus detection and improved nutritional management 
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7. APPENDICES 

 

7.1. Analysis of Variance and list of Tables 

 

Appendix Table 1. ANOVA for age at first service 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 222.9 74.3 2.41  0.0667 

Production system 1 714 714 23.19 < 0.0001 

Breed  1 6354.6 6354.6 206.41 < 0.0001 

Error  314 9666.8 30.78   

 

Appendix Table2. ANOVA for age at first calving 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 213.8 71.2 2.44 0.0641 

Production system 1 699.1 699.1 23.97 < 0.0001 

Breed  1 6274.6 6274.6 215.12 < 0.0001 

Error  314 9158.9 29.1   

 

Appendix Table3. ANOVA for calving interval 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 4.2 1.4 0.24 0.8649 

Production system 1 99.4 99.4 17.18 < 0.0001 

Breed  1 471.4 471.4 81.42 < 0.0001 

Error  314 1817.9 5.7   

 

Appendix Table4. ANOVA for days open till conception 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 3883.2 1294.4 025 0.8629 

Production system 1 89847.0 89847.0 17.20 < 0.0001 

Breed  1 425007.0 425007.0 81.36 < 0.0001 

Error  314 1640207.2 5223.5   
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Appendix Table5. ANOVA for inter service interval 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 5849.7 1949.9 9.68 < 0.0001 

Production system 1 434.7 434.7 2.16 0.1427 

Breed  1 809.6 809.6 4.02 0.0458 

Year  3 1067.1 355.7 1.77 0.1535 

Error  311 62624.1 201.3   

 

Appendix Table6. ANOVA for conception rate 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 225.5 75.1 0.85 0.5030 

Year  3 216.3 72.1 0.81 0.5193 

Error  9 800.6 88.9   

 

Appendix Table7. ANOVA for non-return rate for first service 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 110.3 36.7 8.73  0.0050 

Year  3 60.2 20.0 4.76 0.0297 

Error  9 37.9 4.2   

 

Appendix Table8. ANOVA for non-return rate for second service 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 73.8 24.6 5.96  0.0160 

Year  3 39.5 13.1 3.20 0.0768 

Error  9 37.1 4.1   

 

Appendix Table9. ANOVA for non-return rate for third service 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 4.6 1.5 1.55  0.2687 

Year  3 15.6 5.2 5.19 0.0236 

Error  9 9.0 1.0   
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Appendix Table10. ANOVA for number of service per conception 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 0.57 0.19 1.37  0.3121 

Year  3 0.44 0.14 1.08 0.4056 

Error  9 1.24 0.13   

 

 

Appendix Table11. ANOVA for non-return rate for first service 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 3 548.2 182.7 1.14  0.3846 

Year  3 1134.9 378.3 2.36 0.1397 

Error  9 1444.2 160.4   

 

 

Appendix Table12. ANOVA for frozen semen individual progressive motility 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 4 308.7 77.1 8.90 < 0.0001 

Breed/blood level  3 514.7 171.5 19.78 < 0.0001 

Batch  1 0.05 0.05 0.01 0.9397 

Error  71 615.7 8.6   

 

 

Appendix Table13. ANOVA for frozen semen percentage of live spermatozoa 

 

Source  DF Type III SS Mean Square F Value Pr > F 

District 4 350.5 87.6 5.99 0.0003 

Breed/blood level  3 739.4 246.4 16.85 < 0.0001 

Batch  1 1.5 1.5 0.11 0.7443 

Error  71 1038.6 14.6   
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7.2. Lists of Appendix Figures 

 

   

 

Appendix Figure 1. Holstein Friesian crossbred cow in the study area 
 

 

    

 

Appendix Figure  2. Forage development through irrigation in the dry season for dairy 

cattle in the study area 
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Appendix Figure  3. Housing system in the study area 
 

 

    

 

Appendix Figure  4. Smear making on microscopic slides for live and dead spermatozoa 

count from frozen semen  
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7.3. Questionnaire 

 

Farmer‟s Name___________________ Date______________ 

Age: ...............  Sex: ...............  PA                                              

 

Part I. Household and ownership Aspects 

Q1. Farmers Level of education:   

a. Illiterate      b .Read and Write     c. Elementary school     d. High school  

          e. Diploma and     above 

Q2. Livestock type and number: 

a) Cattle: …..................b) Sheep:…......................c) Goats:…................d) Camels-----

--- 

e) Horses:….................f) Donkeys …...................g) Mules-----------------h) chicken---

--- 

Q3.  What is the composition of cattle in your herd? 

        a) Number of cows:…......................b) Number of heifers: …..................... 

        c) Number of bulls:…......................d) Number of calves: …...................... 

        e) Number of steers:…......................................... 

Q4. Herd composition in terms of Breeds 

       a).Indigenous…...................b). Cross…........................c).Pure 

exotic….................... 

 

Part II. AI Delivery System  

Q1. Did you use AI service to breed your dairy cattle? 

       1. Yes                                                    2. No 

If not why?        

Q2. Do you get the AI service regularly as required? 

 1. Yes                                                      2. No 

Q3. If your answer to question no. 2 is no, what is the reason for this? 

     I. Because the service is not available on weekends & holidays 

     II. Because there is shortage of AI technicians 

     Because there is shortage of inputs (liquid nitrogen, Semen) 

     There is no ways of communication with technicians 

     Others 
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Q4. What will you do when you do not get AI service on time? 

       I.Wait for another 21 days 

      II.Use natural mating 

      III.Others  

Q5. How do you communicate with AI technicians? 

      I.AITs visit us daily  

      II.We call AITs when we need them  

     III.We takes our cows to the AI station 

     IV.Any other 

Q6. Do you encounter problem of repeat breeding after the animals are being 

inseminated? 

       I.Yes                                                                                        II. No 

Q7. If your answer to question number six is yes, how many times your cows 

inseminated before the last conception? 

        A. 2 times                    B. 3 times            C. 4 times    D. 5 and above times    

  Q8. Can you quantify   the reproductive performance of your cows? 

 

            

Reproductive performance 

i. of cows 

 Breed type   

Local Crossbred Pure 

exotic 

i. Number of service per 

conception 

   

ii. Age at first service    

iii. Age at first caving    

iv. Calving interval    

v. Days open    

       

Q9. For which breed of cattle you usually use AI service? 

       I. Indigenous breeds 

      II. Cross breeds 

       III.All of them 

Q10. Do you think that there is a difference in success of AI between the breeds? 
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       I.Yes                                              ii. No 

Q11. From your experience, did you observe any difference in sex ratio between 

calves   borne       by AI and Natural service? 

         i.Yes                                              ii. No 

Q12. If your answer is yes, which sex is the most abundant one from AI? 

i. Male                                               ii. Female 

Q13. Do you think that the difference in sex ratio is because of the AI? 

         i.Yes                                                                    ii. No 

Q14. How do you evaluate the AI technician in giving you the service? 

         I. Cooperative                                                                    II.  Non-cooperative  

Q15. Are the AI technicians willing to provide the service during weekends and 

holydays? 

           I. Yes                                                                                  II. No 

Q16. Did you observe differences between AI technicians in efficiency of conception 

of inseminated cows? 

             I. Yes                                          II. No 

Q17. Do you think that the number of AI technicians in the woreda is enough to 

effectively deliver the AI service? 

             I. Yes                                            II. No 

 

Part III. Reproductive management practices (Heat detection and Breeding 

System) 

 

Q1. Do you regularly monitor estrus of your cows to be inseminated? 

             I. yes                                                                   II. No 

Q2. If yes, who is responsible to monitor the heat from member of the household? 

       I. Husband                 II. Wife                   III. Children         IV. All of the 

household members 

Q3. How many times each day you monitor heat of the animals? 

A. Once per day                               B. Twice per day 

C. Three times per day                    D. Four times per day 

Q4. Please list the major behavioral estrus manifestations that you have been 

observing in dairy cows/heifers? Please rank them according to your priority?  
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Q5. When should your cow be inseminated, which came in heat in the afternoon? 

 _______________________________________________________________ 

Q6. When should your cow be inseminated, which came in heat in the morning? 

_______________________________________________________________ 

Q7. Do you take animals in heat for mating to the AI center or you call AI 

technician? 

Q8. In relation to the above answer, what do you do if the AI technician comes too 

late for insemination? 

       A. Get the service any way  

       B. Reject the service and wait for another 21 days 

       C. Use Natural mating 

Q9. Have you ever get any training in relation with heat detection and time of 

insemination? 

       A. Yes                                                B. No 

Q10. If yes who provides the training? 

        A. OoARD           B. Research institutes                C. NGOs             D. Any other     

Q11. Do you have any traditional knowledge to bring animals into heat? 

         A. Yes                                                                                                 B. No  

If yes explain  

 

Q12. Do you keep record of date of AI and other records? If not how do you identify 

your animals and AI records?       

  

 

Part IV. Herd management practices  

   

I. Feeds and Feeding  

Q1. Could you mention a maximum of three main types for each of the following 

classes of feeds you are using for cows? (In decreasing order of importance) 

 

Classes of feeds 1 2 3 

1. Improved 

forages 

   

2. Crop residues    
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3. Mineral sources    

4. Supplements 

(concentrates) 

   

5. Others (specify)    

 

Q2. Is there a problem of feed shortage for cattle? 

             1. Yes             2. No 

Q3. If yes, in which season? __________ 

       1. Wet season     2. Dry season     3. Whole year 

Q4. How do you solve feed shortage in your locality? Please rank them according to 

your priority?  

____________________________________________________________________

__ 

Q5. Which crop residue is your dominant feed? 

       1.  Teff straw        2. Barley straw       3. Wheat straw       4. Maize stalk      5. 

Specify if others  

Q6. What are the major non-conventional feed resources that you use commonly 

(rank)  

Q7. What is the dominant feeding system?  

       A. Grazing natural pasture   B. Grazing private pasture  

       C. Tether fed…..(specify for different breeds and class of animals) 

Q8 Do you supplement your cattle? If yes which class and what type of feed at what 

physiological stage? 

 

Class of cattle Type of supplementary feeds 

Indigenous 

cattle 

Crossbreds 

Lactating cows   

Dry cows   

Heifers   

Calves   

Breeding bulls (if 

any) 
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Oxen   

Pregnant cows   

   

 

Q9. What are source of water at different seasons of a year (put “X” sign) 

 

 Water 

source 

Seasons Distance of 

water 

 source from  

the 

homestead 

in km for a 

trip 

Month(s) of 

availability 

 of water
1
 1

. 

D

r

y

  

2. 

Rai

ny 

3. 

yea

r 

rou

nd 

  

1.Tap 

water 

     

2. Rain       

3. 

Wells  

     

4. 

Pond 

     

5. 

River  

     

 

Q10. What is your water related problem?  

         1. Scarcity/unavailability    2. Parasites      3. Impurities     4. Distance    5. 

Others 

 

II. Housing, Facilities, and Management 

Q1. In what type of house do your cows manage? 

A. In a house having wall, roof, and concrete floor 

B. In a house having wall, roof, and earthen floor 

C. In a house, no wall, but having roof, and concrete floor 

D. In a house, no wall, but having roof, and earthen floor 

E. Mention if any other  

 Q2. What do you use as feed and water troughs? 

 A. made of car tire         B. made of stone and cement                    C. other  

Q3. Are the house, feed and water troughs for dairy cows different from the other in 

the herd? 

       A. yes                        B. no  

Q4. If the answer for question three is no, what is the problem?    

                                                           
 


