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Abstract

This review is aimed to summarize and synthesize the fragmented information on effectiveness of assisted
reproductive technologies (ARTS) for enhancing genetic improvement of dairy cattle in Ethiopia. Like
most developing countries, artificial insemination (Al) is the first and most commonly used ARTS in
Ethiopia because of its relative simplicity for application. It had been applied for nearly fifty years in
Ethiopia. In order to enhance efficiency of Al service and improve heat detection problem of the dairy
farmers, oestrous synchronization and mass artificial insemination (OSMAI) had also triggered as second
reproductive technology and management. Even though the conception rate of conventional Al service
which was 27 % improved to 39.3% for hormone treated dairy cows, the total number of cross breed
cattle is estimated to be only 705,526 (1.22%) from 57.83 million cattle population of the country.
Furthermore, currently, the average milk yield per cow per day at country level is about 1.37 liters and
the average lactation period per cow is estimated to be about six months. This indicates that the access to
genetically improved dairy cows for smallholder farmers and the reproductive and productive
performance of dairy cows have continued with little change from natural mating. The main reasons for
this insignificant change were interrupted Al service delivery system, discrepancy between time of heat
detection and appropriate time of insemination, shortage of AlTs and low efficiency from the available
technicians, lack of appropriate collaborations between service provider and other stakeholders and
absence of herd recording system. In order to improve the effectiveness of the technologies and ultimately
enhance access of smallholder farmers for improved dairy cattle, emphasis should be given on reviewed
problems.
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Introduction

The female contribution to reproductive success is limited by species-specific characteristics such as
average litter size, frequency of estrus, and gestation length. In natural breeding, male contributions are
restricted by the degree of proximity to fertile females and the ability to inseminate females with a
sufficient number of normal sperm. Accordingly, individuals of both sexes are limited to carry the desired
versions of genes or combination of genes. To help overcome some of these complications, various forms
of Assisted Reproductive Technologies (ARTS) have been adopted in animal agriculture (Ngsoon, 2001).
The application of ART enables the rate of genetic progress to be increased (Nicholas, 1996; Vivanco-
Mackie, 2001). Some of these techniques increase the selection differential (artificial insemination and
embryo transfer) while others accelerate progress by shortening the generation interval (juvenile in vitro
embryo technology or JIVET). ART allow animals of high genetic merit to produce more offspring than
would be possible by natural breeding (Chemineau and Cognié, 1991).

In Ethiopia, the domestic animal population is estimated to be 57.83 million cattle, 28.89 million sheep,
29.70 million goats, 60.51million chicken, 2.08 million horses, 7.88 million donkeys, 0.41 million mules,
and about 1.23 million camels (CSA, 2016). However, most of these livestock populations are native
breeds/ecotypes (98.59 % cattle, 99.85 % sheep, 99.96 % goats, 94.33 chickens). The distribution of
native livestock populations across the different agro-ecologies of the country provides various options
for tangible and non-tangible use of livestock products to the smallholder farmers and pastoral
communities (CSA, 2016). Nevertheless, the productivity of the native livestock is low due to their
genetic makeup, low level of inputs, and traditional husbandry practice besides environmental stress
(Sebsibe, 2008; Azage et al., 2010). In order to improve the low genetic potential of local cattle, selection
of the most promising breeds and cross breeding of these indigenous breeds with highly productive exotic
cattle has been considered as a practical solution (Tadesse, 2008). Assisted reproductive technologies
particularly artificial insemination and oestrus synchronization have been operated to enhance genetic
improvement of cattle. Even though, some authors (Desalegne et al., 2009; Azage et al., 2012; Hamid,
2012; Nuraddis et al., 2014; Alazar et al., 2015; Bainesagn, 2015; Debir, 2015; Destalem, 2015; Samuel,
2015; Tadesse, 2015; Tessema and Atnaf, 2015; Tewodros et al., 2015; Ashebir et al., 2016) have
evaluated the efficiency of assisted reproductive technologies in different production systems of Ethiopia,
well thought-out information is not available. Hence, this review is aimed to summarize and synthesize
the fragmented information on efficiency of assisted reproductive technologies for enhancing genetic

improvement of cattle in Ethiopia.
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Assisted Reproductive Technologies (ARTS) in Ethiopia

In Ethiopia, genetic improvement of dairy cattle was assisted by artificial insemination (Al) and oestrous
synchronization and mass artificial insemination (OSMAI). Like most developing countries, artificial
insemination is the first and most commonly used ART in Ethiopia. It had been applied for nearly fifty
years. OSMAI was operated as second reproductive technology and management. Embryo transfer (ET)
was also started in Debrezeite research center but the technology has not become expanded due to

different constraints (Tegegne et al., 2016).

Artificial Insemination (Al)

Acrtificial insemination can be regarded as the first generation assisted reproductive technologies and it is
the one that has made the greatest contribution to genetic improvement programs, mainly due to well-
established methods for identifying males with the highest genetic merit (Evans and Maxwell, 1987;
Chemineau and Cognié, 1991; Leboeuf et al., 2000). In Ethiopia, Al was introduced in 1938 in Asmara,
the then part of Ethiopia, which was interrupted due to the 2nd 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 input requirements. Chilalo Agricultural Development Project (CADU), an integrated
project established jointly by the Ethiopian and Swedish Governments, in Arsi region, initiated intensive
small scale dairy development in Ethiopia in 1967/68 (Kiwuwa et al., 1983). This was followed by the
Wolaita Agricultural Development Project (WADU) that was established in 1971 and funded by the
World Bank (Hailemariam, 1994). Production of deep-frozen semen started at CADU in 1973. CADU in
Assela, and WADU in Welaita, continued breeding and distributing crossbred dairy cows to farmers using
artificial insemination services (Chencha and Kefyalew, 2012). Until the establishment of National
Acrtificial Insemination Centre (NAIC) in 1981, Dairy Development Authority and CADU performed a
total of 74,611 inseminations by importing semen and liquid nitrogen.

The current NAIC was established in 1981 to coordinate the overall Al operation at national level
(Gebremedhin, 2005). NAIC is a government Al service provider organization to rural, peri-urban, and
urban areas through the regional offices throughout the country so as to achieve an efficient and reliable
artificial insemination service. Initially, service was based on production and use of fresh semen until the
liquid nitrogen plant was installed in 1984. Bulls donated by the Cuban Government (25 Holstein and 10
Brahman) and imported 44,800 doses of Friesian and 2,000 doses of Jersey semen were the source of
semen used for frozen semen technology (Chencha and Kefyalew, 2012). Semen collection was operated
from exotic (Friesian, Jersey, Brahman), indigenous (Boran, Barka, Fogera, Horo, Sheko) and crosses of
50% and 75% Holstein-Friesian indigenous bulls. From the total semen produced, the major share is from

Friesian (75.3%), followed by Jersey (10.5%). Holetta bull/dam farm was the base for nucleus bull-
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producing, testing and rearing (Getachew and Gashaw, 2001). From 1981 till 2015 a total of 6,247,857
semen doses were produced and 5189705 were distributed to beneficiaries by NAIC (FAISETD, 2016).

Efficiency of Al Service in Ethiopia

According to CSA (2016), from 57.83 million cattle populations in Ethiopia, only 1.22 percent (705,526)
and 0.19 percent (109, 877) are hybrid and exotic breeds, respectively. The remaining, 98.59 percent of
the total cattle populations are local breeds. In contrast, Kenya, with cattle population of about 12 million,
has around three million crossbred dairy cows (Tegegne et al., 2016). Moreover, the average milk yield
per cow per day in Ethiopia is about 1.37 liters and the average lactation period per cow is estimated to be
about six months (CSA, 2016). On the other hand, artificial insemination as assisted reproductive
technology had been going on for nearly fifty years. In comparison with its age, this indicates that the
average milk yield change in dairy cattle population after Al introduced as assisted reproductive
technology was negligible. Consequently, from enhancing access of genetically improved dairy cows for
smallholder farmers and improvement of reproductive and productive performance of dairy industry point
of view, it is widely believed that Al service in the country has not been successful (Sinishaw, 2005).

The conception rate of dairy cattle to first insemination at country level was 27% in the existing Al
system (Desalegn et al., 2009). However, the conception rate after the first insemination in different

regions/parts of Ethiopia had shown significant variation (Table 1).

Table 1: Conception rate for first service (CRF) in some parts/regions of Ethiopia

Place/Research Site N CRF (%) Sources

At national level 375 27.1 Desalegne et al., 2009
Tigray 70 7.1 Desalegne et al., 2009
Tigray Reglo_nal S_tate (Eastern And South- 2056 3208 Ashebir et al. 2016
Eastern zone including Mekelle)

SNNP Regional State (Siltie zone) 275 42.9 Hamid, 2012
SNNPR 84 33.3 Desalegne et al., 2009
Addis Ababa 87 40.2 Desalegne et al., 2009
Oromia 70 34.3 Desalegne et al., 2009
Amhara 64 20.3 Desalegne et al., 2009
North-West of Ethiopia (Fogera Woreda) 527 32.07 Tewodros et al., 2015

N= number of cows/heifers inseminated

According to the report of Hamid (2012), the conception rate for first insemination of dairy cows/heifers
in Siltie zone of south Ethiopia was 42.9%. In contrary, Ashebir et al. (2016) revealed that, the conception

rate for first insemination of dairy cows/heifers in Tigray Regional State (Eastern and South-Eastern zone
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including Mekelle) of North Ethiopia was 32.08%. With such performance, the Al system has led to the
country to having only about 705,526 (1.22%) cross breed cattle (CSA, 2016).

Problems Associated with Al Service in Ethiopia

Interrupted Al Service Delivery

According to many authors (Nuraddis et al., 2014; Alazar et al., 2015; Tessema and Atnaf, 2015), most
smallholder dairy farmers in many places of Ethiopia expressed no/low satisfaction for Al services
delivery system. The most important reason for this was smallholder dairy farmers had not got the service
regularly (without interruption) due to unavailability of AlTs, discontinuation of the service on weekends
and holidays and lack of inputs (Desalegne et al., 2009; Azage et al., 2012; Nuraddis et al., 2014; Alazar
et al., 2015; Tessema and Atnaf, 2015). In addition, absence of incentives and rewards to motivate Al
technicians had contributed to a very high turnover of Al technicians all over the country (FAISETD,
2007; Desalegne et al., 2009; Azage et al., 2012). Hence, the government should notice the problem and
design strategies to make the service available in off-working days. In addition, incentives and rewards
should be facilitated based on the output of the inseminator (number of pregnant cow after

insemination/inseminator etc.).

Discrepancy between Time of Heat Detection and Appropriate Time of Insemination

In Ethiopia heat detection has been performed and reported to AlTs by dairy cattle owners during
observing sign of heat like mounting on other animals, vulva discharge, bellowing, swelling, redness and
mucus discharge of the vulva, restlessness and nervousness (Nuraddis et al., 2014). Hamid (2012)
reported that, observation of the estrus signs and bringing the animals for Al solely rests on dairy cattle
owners. However, Woldu et al. (2011) indicated that small holder farmers are engaged in various farm
activities and is quite difficult for them to detect proper time of heat. The dairy owners could detect the
heat time but it might not match with appropriate time of insemination. This leads to the heat period of the
cows and heifers passed away before the Al service have been given or inappropriate time of
insemination that cause failure to conception. Furthermore, Desalegne et al. (2009) and Alemayehu
(2010) revealed that, since AlTs are unable to get facilities and services like motor bicycles and fuel,
farmers trek their cows for long distances (more than 28km round trip) to fetch for Al service. In
contrast, Tegegne et al. (2016) indicated that, cows which shown heat are reported to the Al technicians
by the owners and the technicians usually visit the farm to inseminate the cow. In general, identifying the
right time of heat for insemination and on time providing of the Al service for the beneficiaries needs

strong collaboration between stakeholders. Intensive training of sufficient AITs, adequate provision of
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inputs and allocation of them at farmer’s premises like developmental agents could reduce the failure due

to inappropriate time of insemination.

Shortage of AlTs and Low Output from the Available Technicians

In Ethiopia, Al is undertaken by one or two Al technicians at district level. They are mainly providing
services for dairy cows in urban and/or peri-urban areas. Little or no Al services are available in rural
areas (Tegegne et al., 2016). According to Desalegne et al. (2009), more than half of the Al technicians
reported that they have good (not excellent and very good) technical know-how about the technology.
This is due to absence of on job trainings and other incentives. Given the shortage of Al technicians and
the low output of the available technicians, the impact of Al on the number of genetically improved dairy
animals for fluid milk in and around urban areas is limited and genetic improvement of dairy animals in

rural areas is almost negligible.

Lack of Appropriate Collaborations between the NAIC and Stakeholders
Desalegne et al. (2009) revealed that, absence of collaboration and regular communication between NAIC
and stakeholders have greatly contributed for insignificant success of Al service.

Lack of Breeding Policy and Absence of Herd Recording System

Well-designed crossbreeding programs may lead to exploit desirable characteristics of the breeds or
strains involved, and to take advantage of heterosis for traits of economic relevance (L6opez-Villalobos,
1998). In addition, lack of accurate, timely and reliable information on dairy sector accounted for
inefficient service of Al centers. Some dairy records are available in Ethiopia, but they are limited to
research institutions. Crossbreeding with exotic breeds without keeping records clearly is a major factor
contributing to the erosion of locally adapted AnGR (Kd&hler-Rollefson, 2004). The other reasons for
inefficient Al service are poor infrastructure, managerial and financial constraints (Shiferaw et al., 2003),
poor semen quality, poor semen handling practices and poor insemination practices (Negussie, 1992;
Bekana et al., 2005).

Opportunities for Enhancing the Efficiency of Al Services

Farmer’s Willingness to Pay More Fees For the Service
According to Desalegne et al. (2009) and Nuraddis et al. (2014), smallholder dairy farmers confirmed
their willingness to pay more fees for the service provided they get reliable, efficient and effective

services.
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Involvement of the Private Sector to Deliver Al Service

Al service is mainly being provided by the NAIC established under Ministry of Agriculture (MOA) for
the production and distribution of semen and liquid nitrogen based on the request of regional agricultural
development bureaus. NAIC supplies its products and services to farmers at a highly subsidized rate that
is 4 ETB per dose of semen and 15 ETB per insemination. While establishing facilities for the production
and storage of semen is reasonably feasible anywhere, it is far more difficult to implement and efficiently
maintain field Al service activities. This holds true to the past experiences of Ethiopia.

Previously, except small number of individual Al technicians located in Addis Ababa, Bahir Dar and
Gondar, there were no private sectors that provide the Al service. Currently, ALPPIS which is the private
organization has begun importation and distribution of quality semen (female sexed and unsexed) and Al
equipment. ALPPIS also provides consultancy services and trainings to Al technicians, farmers and

development workers.

Livestock Genetic Improvement as One of the Major Targets of Growth and Transformation
Program (GTP) Il
One of the major targets of GTP Il is to increase the number of cattle with improved genetics to 4,902,000

in 2019/20 by increasing field artificial insemination efficiency by reducing number of services per
conception from 2.4 in 2014/15 to 2 by 2019/20, increasing the number of liquid nitrogen production
centers from 21 in 2014/15 to 30 by 2019/20 and increasing the annual artificial insemination service
delivery capacity from 1.75 million in 2014/15 to 5.2 million by the end of the plan period (2019/20).

Oestrous Synchronization and Mass Artificial Insemination (OSMAI)

The history of estrous cycle synchronization and the use of artificial insemination in cattle is a testament
to how discoveries in basic science can be applied to advance the techniques used for livestock breeding
and management (Beal, 2002). Synchronization of estrus involves manipulating or controlling the estrous
cycle of the females, so that they can be breed at approximately the same time (Rick and Gene, 2013).
Synchronization of the estrous cycle has the potential to shorten the calving season, increase calf
uniformity, and enhance the possibilities for utilizing Al. In addition, synchronization of estrus
contributes to optimizing the use of time, labor, and financial resources (Alemayehu, 2010).

In Ethiopia, hormonal oestrus synchronization was triggered as a solution for efficient Al service delivery
system and as additional opportunities to enhance access of smallholder farmers to genetically improved
dairy cows with in short period of time in areas where dairy development is feasible (Tegegne et al.,
1989). The Improving Productivity and Market Success (IPMS) and Livestock and Irrigation Value
Chains for Ethiopian Smallholders (LIVES) projects with partners expanded oestrus synchronization and

mass insemination of cows in different milksheds in Tigray, Amhara, Oromia and Southern Nations
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Nationalities and People’s (SNNP) regions. As scaling up strategies, Ministry of agriculture, Agricultural
Bureau of Tigray, Amhara, Oromia, SNNP region had taken the responsibilities of implementing
hormonal oestrus synchronization and mass Al in 2011. From 2010/11 up to 2014/15, about 611,203
cows were synchronized and inseminated (Tegegne et al., 2016). The hormone used for the treatment of
dairy cattle was PGF2a (33.5 mg of dinoprost tromethamine per 5 ml of solution, equivalent to 25 mg of
PGF2a; Lutalyse®; Pharmacia and Upjohn Company, Pfizer, New York, USA) except in Tadesse (2015)

where synchromate was used (Gizaw et al., 2016).

Efficiency of Oestrous Synchronization and Mass Artificial Insemination (OSMAI) in Ethiopia

According to Odde (1990), methods of evaluation of synchronization systems include estrous response
(percentage of females showing estrus of those treated), synchronized conception rate (percentage of
females conceiving of those inseminated), synchronized pregnancy rate (percentage of females
conceiving of the total treated), and pregnancy rate at various stages of the breeding season. In Ethiopia,
efficiency of OSMAI in dairy cattle have evaluated in four different regions namely Oromia, Amhara,
Tigray and SNNP (Azage et al., 2012; Hamid, 2012; Destalem, 2015; Tadesse 2015; Bainesagn, 2015;
Samuel, 2015; Debir, 2015; Tewodros et al., 2015). However, variation was observed in the performance
of oestrous synchronization across the regions (Gizaw et al., 2016). Furthermore, farmers expressed low
satisfaction with the service provided under development intervention by the regular extension of regional
Bureau of agriculture, since; they obviously evaluate the technology based solely on successful breeding

leading to calf production (Gizaw et al., 2016).

Oestrous Response of Hormone Treated Dairy Cattle

In all regions in which synchronization of oestrous implemented as reproductive technology and
management, oestrus response result under development intervention by the regular extension service of
the regional Bureau of agriculture has shown comparable result obtained under the condition of action
research. The country achieved 77.0% oestrus response under the regular service and 89.3% under
research condition. However, different oestrus response results were recorded across regions (Gizaw et
al., 2016).

According to Debir (2015) and Samuel (2015), the oestrus response of synchronized dairy cattle in
Sidama zone of SNNP region and west Gojjam zone of Amahara region was 90% and 88.9%,
respectively, under research condition. Similarly, Azage et al., (2012) reported that, the oestrus response
of synchronized dairy cattle in Awassa-Dale Milkshed and Adigrat-Mekelle Milkshed were 97.7% and
100%, respectively, under IPMS project work. However, different oestrus response results were reported

between synchronized dairy cattle in Sidama zone of SNNP region (87.2%) and west Gojjam zone of
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Amahara region (66.2) under regular extension service (Debir,2015; Samuel, 2015). Oestrus response of
cows/heifers to hormonal treatment could be varied with different breeds, body condition of cows and
skill of Al technicians. However, some authors (Bainesagn, 2015; Debir, 2015; Destalem, 2015), had
revealed that the oestrus response of different breeds found in Oromia, SNNP and Tigray region were not
considerably different. But, even if the difference were not notable, exotic crossbred cows/heifers
responded more for the hormone treatment than local cattle. This could be due to the fact that oestrus
duration in exotic breeds is longer than local breeds, so response to hormone treatment is higher.
Bainesagn (2015) reported that, in South Shoa zone of Oromia region, cows/heifers with body condition
score of 3 and 4 had higher rate of oestrus response (92.3% and 84.2%, respectively) compared to
cows/heifers with body condition score of 2 (76.3%). With respect to skill of technicians, 27.5% variation
in oestrus response was recorded among cows palpated by different AIT.

Number of Service per Conception and Conception Rate

According to all authors (Destalem, 2015; Tadesse 2015; Bainesagn, 2015; Samuel, 2015; Debir, 2015),
there had been high variation between conception rates under the action research and the regular
extension services. The average conception rates across regions were 39.3% and 59.2% under the regular
service and research condition, respectively. The reasons for the higher conception rate under research
condition could be intensive follow-up on hormone treated cows to detect heat by farmers, minimizing
stress conditions on the cow and timely insemination. On the other hand, there was little opportunity for a
close follow-up under the regular service due to the work load on the Al technicians who had inseminated
a large number of cows.

As most of authors reported, the conception rate and number of service per conception results in different
parts of Ethiopia were dissimilar. The conception rate and number of service per conception in central
zone of Tigray region was 37.95% and 2.63 respectively (Destalem, 2015). In contrary, Debir (2015)
reported that the conception rate and number of service per conception of synchronized and mass
inseminated dairy cattle in Sidama zone of SNNP region were 58.4% and 1.7, respectively. Conception
rate of hormone treated and inseminated cows/heifers varied with breeds, body condition of cows and
skill of Al technicians. As Destalem (2015) indicated that, body condition score (BCS) of cows had
significant effect on conception rate and cows with BCS of 4 showed higher conception rate and lower
number of service per conception than BCS of 3 and 5. However, conception rates of oestrus-
synchronized and inseminated cows/heifers did not show considerable variation among breeds. In
Amhara region, conception rates of hormone treated and inseminated Holstein-Friesian, Jersey crosses
and local cows/heifers were 70.4, 78.2 and 71.5%, respectively (Samuel, 2015). Similarly, conception

rates of Holstein-Friesian, Begait local and a non-descript local cows/heifers in Tigray region were 38.4,
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39.7 and 37.7%, respectively (Destalem, 2015). In SNNP region, exotic crosses had also higher (68.4%)
conception rate than local cows/heifers (53.3%). However, in Oromia region, the local cows/heifers had
higher (77.4%) conception rate than the exotic crossbred cows (68.8%) (Bainesagn, 2015).

Some authors (Destalem, 2015; Debir, 2015; Bainesagn, 2015) reported that, conception rate of hormone

treated and inseminated cows/heifers affected by skill of Al technicians, bull efficiency and age of cows.

Table 2: Oestrousresponse and conception rate results from single shot hormonal oestrous
synchronization from action research

Number of Oestrus Concention

Research site/area cows/heifers | response rate 2, %) Source
treated (%) 0

Y:gfgn gojam  zone of Amhara 126 88.9 60.3 Samuel (2015)
Sidama zone of SNNP 126 89.7 58.4 Debir (2015)
Awassa-Dale Milkshed 175 97.7 57.7 Azage et al.,2012
Adigrat-Mekelle Milkshed 193 100 61.7 Azage et al., 2012
North-West of Ethiopia (Fogera 93 98.92 26.88 Tewodros et al., 2015
Woreda)
West Shoa Zone 130 72.3 57.44 Bainesagn, 2015
Embryo Transfer (ET)

In Ethiopia, the first calf from embryo transfer was born in 1991 at the then international livestock center
for Africa Debre Zeit Research Station. The study was led by Azage Tegegne and involved two young
Italian veterinarians, Roberto Franceschini and Sandro Sovani. The first Borana calf produced was named
‘RAS’, representing the first letter of the names of the three scientists. This was followed by production
of eight pairs of identical twins using embryo splitting technology. Work continued until the mid-1990s,

but after that the technology has not become expanded due to different constraints (Tegegne et al., 2016).

Conclusions

Despite the existence of AlTs particularly Al services over the last five decades in Ethiopia, smallholder
farmers have not benefitted adequately from milk production primarily due to unavailability of improved
dairy animals. In order to increase the efficiency of Al service through minimizing heat detection problem
of the farmers and access to improved dairy genetics to smallholder farmers, OSMAI of farmer owned
indigenous cows were practiced. However, the conception rate results obtained especially from regular
extension services were inadequate like conventional Al services. The main reasons for this insignificant
change were interrupted Al service delivery system, discrepancy between time of heat detection and
appropriate time of insemination, shortage of AlTs and low output from the available technicians, lack of

appropriate collaborations between service provider and other stakeholders and absence of herd recording
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system. Innovative approaches like providing the Al service in off-working days, facilitating incentives
and rewards for the technicians based on the productivity of the inseminator, intensive training of
sufficient AITs and allocating them at kebele level like developmental agents could improve the
efficiency of the AITs for genetic improvement of cattle in Ethiopia. Furthermore, concerted effort from
all concerned stakeholders should be applied to solve identified problems associated with Al services.
Multiple ovulation and embryo transfer (MOET) could be an additional asset to increase access to

improved dairy genetics to smallholder farmers.
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