The contribution of reproductive technologies for dairy cattle genetic improvement in Amhara region: success and challenges on research and development efforts
Assemu Tesfa,a,b* Birhan Kassa,a,b Mengistie Taye,a,c Ahemed Alkaderd, Demelash Aychilied Zemenu Birhan,a Tarekegn Demekea and Mesfin Lakewe
aCollege of Agriculture and Environmental Science, Bahir Dar University, Bahir Dar Ethiopia; bAndassa Livestock Research Center, Bahir Dar Ethiopia; cBiotechnology Research Institute, Bahir Dar University, Bahir Dar Ethiopia; dANRS Livestock and Fishery Resources Development Office, Bahir Dar, Ethiopia; eAmhara Agricultural Research Institute (ARARI), Bahir Dar, Ethiopia
*Correspondence: assemu546@gmail.com; +251913998581
ABSTRACT 
In the Amhara region, cattle genetic improvement had conducted by the Amhara agricultural research institute (ARARI), and Amhara Livestock and Fishery Resources Development Office (LFRDO). The aim of the article was to evaluate the contribution of reproductive technologies for dairy cattle genetic improvement in the research and development sectors of the Amhara region. A total of 13 year data from the LFRDO was used to analyze the successes of reproductive technologies in the livestock extension sector. Under the research system, delivery rate (%) through Oestrus Synchronization and Mass Artificial Insemination (OSMAI) had reported from 4.93% at Andassa Livestock Research Center (ALRC) to 60.1% at Debre Birhan Agricultural Research Center (DBARC). The data from LFRDO indicate a calving rate (%) of 44.46, and 44.84 through insemination done with conventional semen, and bull service, respectively. In the region, sexed semen to female was used to increase the number of crossbred females and the work done for one year revealed an overall conception rate (%) of 42.09%, ranging from 19.1% to 79% and the overall sex efficiency to be female calve was 94.8%. The time of insemination after the onset of heat, body condition, breed, parity, technical efficiency of the artificial insemination technicians were reported factors for the success of OSMAI. The OSMAI that targets to increase milk yield had better be integrated with different actors in the dairy value chain and accountable collaboration between different actors participating in the technology should be realized.  
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INTRODUCTION
The world population is projected to grow from 7.8 billion in 2020 to 9.7 billion by 2050, with growing incomes and urbanization, and the demand for animal-source foods is projected to continue increasing (Kadarmideen, 2014; Smith et al., 2020; Burrow et al., 2021). According to the Food and Agriculture Organization (FAO, 2013), beyond the population increment, global food production is experiencing challenges due to climate change, which requests a doubling of food production to meet the increasing demand (Eggen, 2012; Yadav et al., 2018; Strandén et al., 2022). Animal production is likely to grow in both developed and developing countries (Dube-Takaza et al., 2021). Animal breeding supported by reproductive biotechnologies and genomic tools plays a critical role in ensuring future food security through rapid genetic improvement (Kadarmideen, 2014).
Indigenous animal genetic resources are believed to preserve much of the current global genetic diversity, with millions of people directly dependent on them (Mekuriaw &  Kebede, 2015; FAO, 2021). The reasons behind these breeds are the source of vast environmental adaptations for diverse diseases and parasite resistance, tropical climate conditions (including dry, hot, and humid), and excessive heat tolerance, are suitable for extensive management systems, and are the only options for ecosystem restoration (Kim et al., 2017; Taye et al., 2018; FAO 2021). Indigenous animal genetic resources are the only option available to millions of farmers in African agro-pastoral systems, where exotic breeds underperform in traditional management systems (Kim et al., 2020).
Cattles are central to the African economy (Kim et al., 2020; Saravanan et al., 2021), playing a pivotal role through the provision of food, fiber, and labor, acting as walking larders, traction power, and manure. They are of societal importance and considered a primary source of wealth (Zerabruk et al., 2007; IBC, 2012; Xu et al., 2019; Kim et al., 2020). Ethiopia has the highest concentration of domesticated and diversified cattle in the continent (Rege, 1999). This is mainly because the country is a gateway for cattle entry into Africa (Hanotte et al., 2002) and has diverse agro-ecology, allowing it to produce feed (Takele et al., 2011). Even though the contribution of the livestock sector to the national economy in Ethiopia is significantly higher, reaching about 25% of total agricultural GDP (Behnke & Metaferia, 2011), the production per animal is 1.45 liters per cow per day (CSA, 2022). The average lactation milk production of the indigenous cows ranges from 494–850 kg under optimum management (Haile et al., 2011), and the lactation length and average milk yield/day/cow were seven months and 1.48 litter, respectively (CSA, 2021). Different efforts have been made through selection and crossbreeding to improve the milk production of indigenous cattle. The best contributors to this genetic improvement are the presence of a range of agro-climates and production systems, feed and water availability, and small-to-large-scale farms (Hiemstra, 2018). However, the implementation did not function due to separate implementation interests between research and development officials, the absence of a clear and implementable strategy that targets the improvement scenario of indigenous breeds, the absence of sustained support from different stakeholders, and others (Shapiro, 2015).
In Ethiopia, various reproductive biotechnological tools have been used to accelerate the genetic improvement of dairy cattle production. Artificial insemination using exotic semen and estrus synchronization began in the 1960s (Chencha & Kefyalew, 2012), and 1980 (Tegegne et al., 2016), respectively. Embryo transfer was demonstrated at the International Livestock Research Institute and Holetta Agricultural Research Center in 1990 (Ahmed & Mohammed, 2017; Daba et al., 2022). Recently, the use of sexed semen in female calves has increased. Except for embryo transfer, which is limited to research, artificial insemination and estrus synchronization have been widely implemented in research and development institutions all over the country, including the Amhara region. Recently, mass synchronization with fixed-time artificial insemination campaigns has been implemented in different parts of the county to further improve the production of crossbred animals. 
Despite long-lasting efforts to crossbreed dairy cattle in the country using artificial insemination, the contribution of crossbred animals to the total cattle population is very small, only 2.29% (CSA, 2021). Moreover, the national government plans to increase milk yield by 200% and the proportion of improved breeds by 600% by 2030 (Raad et al., 2021). Moreover, the efficiency of these efforts so far is below expectations owing to numerous factors. Several scholars have attempted to evaluate the efficiency of these technologies with different setups and animals of different breeds (blood levels), ages, and body condition scores. This study aimed to evaluate the attempts made to genetically improve dairy cattle through reproductive technologies and to identify the major challenges and future directions used to improve the success and wider dissemination of estrus synchronization with mass artificial insemination in the Amhara region.
MATERIAL AND METHODS  
Description of the Amhara Region
The Amhara Region is located in the northwestern part of Ethiopia, with a land area of 170,752 square kilometers. It is situated 8°45’ to 13°50’N and 36°20’ to 40°30’E (Figure 1). The region’s capital city, Bahir Dar, is 566 km from Addis Ababa. The total cattle population of the region is 17.3 million contributing 24.6% of the nation’s cattle population (CSA, 2021). The Amhara region holds the largest milk shed in the country, which is characterized by the presence of a large market, high potential for roughage production, a significant number of milk cooperatives, and cooperative unions involved in milk processing (Brandsma et al., 2012). Menale et al. (2022) reported that the biophysical environment of the region is approximately 14.2%, 56.1%, 28.1%, and 1.7% highly suitable, moderately suitable, marginally suitable, and unsuitable for dairy cattle production, respectively. According to Moges et al. (2019), in the main towns of the region, 885 dairy farms were reported holding 1-2 cows, 3-10 cows, and >10 cows/farm with respective percentages of 45.1%, 46.2%, and 8.7%. In regions such as the Amhara Livestock and Fishery Development Offices, Bahir Dar Artificial Insemination Center, Bahir Dar Animal Health and Disease Surveillance Office, Amhara Agricultural Research Institute, and Amhara Cooperative Agency, work on genetic improvement, semen production, disease prevention, and development of cooperatives across the dairy cattle value chain. 
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Figure 1: Map of the Amhara region 
Data Source and Analysis
To compile the study results, research findings on assisted reproductive technologies from research centers in the Amhara region were gathered. Thirteen-year retrospective data collected from the region's livestock extension system were used to evaluate the trends in the success of reproductive technologies in the region. The major working procedures and challenges related to the OSMAI in the Amhara region was collected from key informant interviews conducted with animal breeding experts in the office. In addition, a field visit was conducted to evaluate the performance of the Bahir Dar artificial insemination center on semen collection, processing, and dissemination, their performance in liquid nitrogen production, and their involvement in the cattle genetic improvement program. The collected raw data were analyzed using Microsoft Excel software (MS-Excel, 2010).
Oestrus Synchronization and Artificial Insemination Protocols 
Currently, prostaglandins and progesterone are widely used to synchronize estrus in dairy cattle operations (Murugavel et al., 2010). Prostaglandin is the first method of estrus synchronization that depends on the presence of a functional corpus luteum particularly in the diestrus stage of the estrous cycle (7th to 17th day of the cycle) (Cordova-Izquierdo et al., 2009). The use of prostaglandin or its analog (PGF2α) in a synchronization protocol shortens the estrous cycle, with oestrus occurring two–seven days after hormone injection (Demis et al., 2022). Two protocols were evaluated in the research centers: 1) single-shot, delivering AI after seven days of hormonal injection; and 2) double-shot, repeated hormonal injection after seven days and insemination within 18 days were evaluated (Yeshimebet et al., 2017). The Prostaglandin-based synchronization technique to support artificial insemination has previously been evaluated in four regions of Ethiopia for four consecutive: Oromia (283,231 cattle), Amhara (69,207 cattle), Tigray (129,220 cattle), and the SNNP (129,545 cattle) (Tegegne et al., 2016; Demis et al., 2022). The implementation of OSMAI is to support the national policy of producing more crossbred heifers, to which the cost of producing crossbred heifers is increasing (Azage et al., 2012; Tegegne et al., 2016; Demis et al., 2022). 
Semen Collection, Processing and Dissemination in the Amhara Region  
The artificial insemination center of the Amhara region, which operates under the region’s livestock and fishery resources development office, has been mandated to collect, process, and distribute semen, train and certify AI technicians, and purchase and distribute AI equipment and consumables under the region. The region had five liquid nitrogen production plants in Bahir Dar, Gondar, Debre Markos, Dessie, and Debre Birhan, which maintained semen before distribution to the neighboring district. The production potential of the liquid nitrogen processing plant varies from 9 L/h in Debre Markos to 3 L/h in the remains, and the low potential was due to the lack of timely maintenance and aging of the plants (e.g., the plant installed at Bahir Dar was dated to the 1980s).
Semen collection in the region was performed using a dummy cow and an artificial vagina. The semen collected before distribution was subjected to different processing, quality tests, and packing procedures (Figure 2), and the processing operations were performed in an enclosed area, which is restricted to technicians who operate the activity. 
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Figure 2: Schematic diagram in semen collection, quality checking, and distribution used at Bahir Dar AI center 
RESULT AND DISCUSSIONS 
Reproductive Technologies for Cattle Genetic Improvement in Ethiopia
Reproductive biotechnology is used to accelerate genetic improvement in cattle. In Ethiopia, various projects have been implemented for the genetic improvement of cattle (Chencha & Kefyalew, 2012). Currently, under the International Livestock Research Institute (ILRI), a project called African Dairy Genetic Gain (ADGG) supports genetic improvement in cattle across the country (Gebreyohanes et al., 2021). Accordingly, the government has established five cattle genetic improvements and multiplication ranches throughout the country, which are used for the production of crossbred pregnant heifers and bulls to be distributed to smallholder farmers (Assemu et al., 2017) and to act as test sites for different reproductive technologies. The first attempt at genetic improvement of cattle through crossbreeding was initiated by the Ethiopian Institute of Agricultural Research (EIAR) using Friesian, Jersey, and Simmental sires that were crossed with local Fogera, Horro, Boran, and Barka dams (EARO, 2001; IBC, 2012; Chencha & Kefyalew, 2012). To date, three main reproductive technologies have been implemented in the country: artificial insemination, estrus synchronization, and embryo transfer (Gizaw et al., 2016; Ahmed and Mohammed, 2017). These have been implemented for cattle genetic improvement, from which artificial insemination has made the greatest contribution to genetic improvement programs (Ahmed and Mohammed, 2017). Artificial insemination began in the early 1970s (Chencha & Kefyalew, 2012) around the Addis Ababa milkshed and was slowly disseminated throughout the country. 
Embryo transfer (ET), which is still limited to the research center, began in 1991 (Daba et al., 2022). In Ethiopia, the first calf from embryo transfer was born in 1991 at the ILCA-Debre Zeit Research Station from the production of eight pairs of identical twins using embryo splitting technology (Daba et al., 2022). Another subsequent ET effort was restarted in 2009 at the Adami Tullu Research Center. Imported frozen embryos were transferred to Boran heifers as recipients, and six calves were born in 2010, after which the EIAR researchers produced three ET calves at DZARC and two ET calves were born at HARC in 2010. At DZARC, an additional seven ET calves in the research center and two ET calves on dairy farms were born (Daba et al., 2022). Currently, the government has mobilized researchers to start embryo transfer technologies for different selected local cattle breeds using the LFSD project and private organizations.
Hormone-assisted estrus synchronization in cattle started in the late 1980s by researchers of the ILCA, now the ILRI. The research program was initiated with the long-term objective of integrating emerging reproductive technologies, such as embryo transfer, to improve genetics and breeding of indigenous cattle for desirable traits, and also to explore opportunities for using these technologies for genetic conservation of indigenous cattle in Africa (Tegegne et al., 2016). Synchronization of estrus (heat) involves manipulating the estrous cycle of females such that they can be bred at approximately the same time, thereby saving both time and logistics (Rick and Gene, 2013). The technology also improves farm economics through short calving intervals, shorter breeding seasons, and reductions in time for estrous detection; it allows matching calving with feed availability and market demand for dairy products and improves the effectiveness and efficiency of AI services (Azage et al., 2012; Tegegne et al., 2016).
Status of Reproductive Biotechnologies in Research Centers in Amhara Region 
Overall, 77.0% estrus response under regular service and 89.3% under the research condition was achieved (Gizaw et al., 2016). According to a report by Gatew et al. (2018), the heat response in estrus synchronization was 74.48% in North Showa, 89.3% in Bahir Dar Millshed (Adebabay et al., 2012), 100% in the Adigrat-Mekele milkshed (Azage et al., 2012), 97.7% in Awassa-Dale milkshed, and 98.92% in the Fogera district (Tewodros et al., 2015). These authors reported pregnancy rates of 20.18, 13.17, 61.7, 57.7, and 26.88%, respectively. However, lower and different pregnancy rates (from 4% to 60%) have been recorded across research centers and extension works operating in the Amhara region. The heat response report indicated that the hormone brings the animals to heat, but the lowered pregnancy rate can be related to different factors, such as breed difference, body condition, artificial inseminator technician skill, and animal management before and after insemination.  
In the Amhara region, beyond the work done by the Livestock and Fishery Resources Development Office, the Amhara Agricultural Research Institute (ARARI) has conducted OSMAI through its research centers for the last three years (Belayneh et al., 2022). The institute cascaded the result obtained from the Debre Birhan Agricultural Research Center, where a pregnancy rate, at three months of pregnancy diagnosis (PD) test, of 60.1% was attained (Yeshimebet et al., 2017). Under the works done in the researchers follow-up, various results from 4.93% delivery rate at Andassa Livestock Research center (Belayneh et al., 2022) to 60.1% at Debre Birhan Agricultural Research Center (Yeshimebet et al., 2017) were reported (Table 1). In a comparative study conducted by Shiferaw (2015) in three districts, Bahir Dar, Mecha, and Yilmana Densa, with a total of 225 animals, reported a 66.15% estrus rate and 36.27% pregnancy rate in 2013, and the repeated study conducted in the same districts with 126 animals in 2014 had an estrus rate of 88.9% and a pregnancy rate of 60.32%. 
As presented in Table 1, the varying results between and among research centers, besides many other factors, might be due to the number of animals used. The higher number of animals reported, for example in ALRC, makes addressing all animals for PD tests difficult, and unwillingness of cattle owner farmers to assess pregnancy contributed to lower conception rate reports. 
Table 1: Efficiency of Oestrus Synchronization and Mass Artificial Insemination (OSMAI) activities in the research system of Amhara region. 
	Centers
	Year
	No. injected
	No. in heat, N (%) §
	No. inseminated, N (%)
	No. conceived, N (%)
	Birth, N (%)
	References

	DBARC
	2018/19
	63
	43 (68.3)
	34 (79.1)
	16 (47.1)
	15 (93.8)
	Demis et al., 2022

	DBARC
	2019/20
	395
	243 (61.5)
	181 (74.5)
	66 (36.5)
	64 (97)
	Demis et al., 2022

	DBARC
	2015
	94
	89 (94.7)
	89 (100)
	53 (59.55)
	50 (94.34)
	Yeshimebet et al., 2017

	ALRC
	2019
	395
	241 (61.0)
	224 (93.0)
	NA
	11 (4.93)**
	Belayneh et al., 2022


** the birth (%) was calculated from the inseminated animals because pregnancy diagnosis was not done due to lack of permission from the farmers, and this contributes to the extremely lower delivery rate. DBARC = Debre Birhan Agricultural Research Center; ALRC = Andassa Livestock Research Center; § percentages (%) were calculated by dividing the active cell number by the previous column number (e.g., % heat = 43/63 × 100 = 68.3%). 
Factors Contributing to the Success of OSMAI under the Research Condition
Researchers conducting OSMAI in the Amhara region have reported various factors contributing to success (Table 2). Yeshimebet et al. (2017) reported that success was affected by the heat response duration (h) after hormonal injection. The author indicated that cows inseminated within 72 to 120 h of hormonal injection showed better heat response and pregnancy rate compared with animals inseminated at 24, 48, and 144 h; and body condition score, on which animals with a score of 3.5, had a better pregnancy rate than those with lower and above body condition scores. Belayneh et al. (2020) reported that the low success rate of OSMAI was due to poor management for inseminated cows, inability to present efficient cows, inability to identify heat signs, poor capacity and absence of AI technician on the time heat, and distance of hormone-injected cows from the collection centers in their order of importance. Different factors were considered in the evaluation of OSMAI (Figure 3) (Shiferaw, 2015). According to the author, age, body weight, and year also had an effect on the success of OSMAI, in which cows aged four to seven years and cows with an average weight of 300 to 330 kg were found to be the best achievers. Shiferaw (2015) additionally reported that the variation in conception of success due to technicians was higher and ranged from 16.03 to 40% when evaluating six technicians working in the Amhara region. Demis et al. (2022) indicated that heifers had better conception rates than cows, and animals with 3 (out of 5) body condition scores (BCS) had comparably better body condition scores. In addition, Marques et al. (2018) indicated that the pregnancy rate increased with increased body condition score from two to four. The major reasons contributing to the rates of insemination, conception, and delivery are summarized in Table 2. 
Table 2: Major reasons contributing to the rate of insemination, conception and delivery. 
	Processes 
	Reasons for failures 

	Hormone administration (lower number of animals for OSMAI)
	Animals that are pregnant, with a closed cervix, having low body condition scores, lower and too old aged animals were not provided with the hormone 

	AI delivery (lower rate of hormonal response)
	Animals failed to come for AI because of bull mating in the village, poor/unable to detect heat by farmers, distance of farmers house from AI center, and the need of farmers for the hormone (as they believe it brings non-cyclic animals to heat) were the major once.

	Delivery rate (lower rate of conception and pregnancy) 
	The major probable reasons for the lower delivery rate were management effect (feeding, and herding) after AI delivery, breed difference, inability to address all animals for pregnancy test, and absence of animal’s history after insemination.
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Figure 3: Factors contributing to the success of pregnancy rate (PR%) and conception rate (CR%) through OSMAI under researchers management; CR% = number of cows pregnant / number of cows inseminated * 100; PR% = heat detection rate / conception rate * 100; heat detection rate =  number of cows inseminated over 21 days / number of cows eligible to be bred over 21 days * 100.   
Status of Reproductive Technology under LFRDO of the Amhara Region 
Assisted reproductive dairy technologies in the region 
Status and achievement of artificial insemination 
In the Amhara region, based on focus group discussions with regional experts, mating of animals was conducted with artificial insemination and bull services with high-grade Holstein Frisian bulls. Bull mating was conducted in milk-shed areas where AI services are not timely accessible and in peri-urban dairy cattle production belts. Based on the regional livestock and fishery resource development office report, the number of cows served by artificial insemination and bull services and their respective calving rates across years are presented in Figure 4. To increase the number of animals coming to heat, the region has continuously distributed hormones for estrus synchronization since 2012, and mating has been performed by either AI or bull mating.
The number of cows inseminated by artificial insemination and bull services has increased over the years, which indicates the increased need for crossbreeding animals and better achievements in the regional livestock sector to increase milk production. However, the calving rate (%) with artificial insemination and bull service was inconsistent, with overall percentages of 44.46% and 44.84%, respectively (Figure 4). The calving rate (%) trend (Figure 4) indicates an inconsistency up to 2016, and then it becomes a consistent and increasing trend, which might be due to the involvement and engagement of livestock experts in the genetic improvement program. Discussions among livestock office experts point out that the lower result of artificial insemination is associated with the poor efficiency of artificial insemination technicians, poor semen handling and administration, poor cow management before and after insemination, and silent heat in zebu cattle. Similarly, Gebremedhin (2005) stated that the success of AI depends on various factors such as the efficiency, capacity, and commitment of AI centers in procedurally and ethically producing, processing, handling, and distributing semen; the commitments and efficiencies of Artificial Insemination Technicians (AITs); presence of appropriate breeding policy along with proper control of indiscriminate crossbreeding; and proper heat detection by farmers. 
Based on the data, the number of animals served with mating crossbred bulls increased from 2012 to the present, while there was an inconsistent trend in estrus synchronization and mass artificial insemination throughout the year (Figure 4). It was observed that the average conception rate through bull services was higher than that through artificial insemination services. Although AI has a 41% advantage over natural mating through heat detection and timed AI (Karisch, 2020), the conception rate in bull service was higher, which might be due to the correct heat detection by bulls and a heavier dose of spermatozoa per ejaculation.   
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Figure 4: Number of animals served through AI, bull and conception rate through AI (AICR%) and bull (BSCR%); AICR% = number of cows pregnant / number of cows inseminated with AI * 100; BSCR% = number of cows pregnant / number of cows served with bull * 100
Status of oestrus synchronization and mass artificial inseminations (OSMAI)
Oestrus synchronization (OS) in the Amhara region was started in 2012 as a pilot study in four districts with full involvement of researchers in a project-based study. In 2013, pre-scaling up was conducted in six districts, and in 2014, scaling out was conducted in 51 milk-shed areas of the region. At the time, 67852 animals were addressed with OS. However, as the work was conducted in a campaign with the absence of attention as a basic contributing factor for the success of the OSMAI, the result was as low as expected. After gaining experience in these years, LFRDO lowered the number of districts and focused on milk sheds that are well established and suitable for monitoring to implement the technology. 
The overall hormonal delivery of OS in the region showed a declining trend (Figure 5), which can be attributed to different reasons. From this, the recurrent war starting from 2018/19 resulted in a low participation of projects that supplied hormones and other material, low level of participation of the agriculture extension experts, lack of budget on which the government’s recurrent budget had shifted to military support, and all directions were towards safeguarding the country rather than working on genetic improvement. In addition, the work has started to be led by experts other than politicians, involvement of research centers and universities, and supporting projects (such as LFSDP, SNV, PAID), probably improving the achievement of  OSMAI to increase the number of heifers and productivity per animal. 
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Figure 5: Achievements of OS hormone delivery in the Amhara region across different years  
The one-year plan, 2022/23 for OS hormone service across zones of the Amhara region, indicated an improvement in achievements to attain the plan (Figure 6). From the graph, it was observed that West Gojjam and South Gondar are the best achievers of their plan in the half year of 2022/23. In addition, this might be due to these zones being well known for their suitability of dairy cattle (Minale et al., 2023) and have well developed milk cooperatives with a big number of members. 
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Figure 6: The number of cow/heifer plan to administered OS hormone and success across zones of the Amhara region in 2022/23 under LFSDO; Achievement (%) = success/plan*100
Status and achievement of sexed semen 
Sex-sorting of bovine spermatozoa was established through the development of flow cytometric sorting in the late 1980s, with the first live calf born in 1993 (Reese et al., 2021). Sexed semen in the Amhara region was started at the research level in 2014 by researchers from ILRI and Andassa Livestock Research Center, and the success rate was low because the evaluation was conducted in local Fogera cattle and improper handling of inseminated cows on which they were mated with local bulls. Subsequently, AI with sexed semen was started in 2020 under government ranches to produce and distribute in-calf crossbreed heifers to local producers. The strategy was also conducted throughout the country as a YeLemat Turufat project launched by the Prime Minister on November 3, 2022, for four consecutive years (ENA, 2022). The main application of sexed semen is to increase the percentage of heifer calves to expand herds or to sell replacements. In the Amhara region, it was conducted at a subsidized cost (1000 Ethiopian birr (ETB)/straw) with LFSDP and PAID projects in a selected and well-established milkshed area. 
In the work done in the 2022 physical year, the overall conception rate (%) of AI with sexed semen was 42.09%, ranging from 19.1% at Chagni ranch and 22.2% in Dangela town to 64% in Kombolcha town and 79% at Bahir Dar town intensive dairy farms. The overall sex efficiency for females of the semen was 94.8%, with lower efficiency in Gondar (71.4%), Debre Tabor (75%), and Kombolch (75%), and 100% female calves were delivered at Chagni ranch, South Achefer district, Debre Markos town, Mekit district, Bahir Dar town, and Dessie town (Table 3). Compared to the potential sex efficiency of sexed semen (90%) (Kumar et al., 2017; Reese et al., 2021; Boneya, 2021) the current findings are comparable to and above the potential average of the technology. The reason for low sex efficiency in the aforementioned districts might be the repeated breeding nature of the cow, in that the producers use conventional unsexed semen for the second time of insemination due to the cost and access of the sexed semen. The conception rate observed in the current study (35.5%) was lower than the reported average of technology, 50-60% (Marques et al., 2018). This might be due to sexed semen being affected during the sorting process, the low number of spermatozoa per straw (5 million VS 20 million in conventional semen), conformation of active heat, inseminator skill, timing of AI, and other factors. Although the producers need and are eager to use the semen, its cost is 5000 Ethiopian Birr (ETB)/straw and is lowered to subsidize through projects to 1000 ETB/straw, and its lowered conception rate and repeated mating limits its wider application.  
A meta-analysis done (Reese et al., 2021) of sexed semen indicated that the use of sexed semen reduces pregnancy rates by 23% (25% cows, 21% heifers) and calving rates by 24%. Boneya (2021) also reported that the biggest disadvantage of sex-sorted semen is its decreased conception rate. Similarly, Babura et al. (2021) indicated that the use of sexed semen for embryo development contributed to a higher number of defective embryos compared to conventional unsexed semen on the comparable work done on Boran and HF cross breeds in Bishoftu, Ethiopia. Babura et al. (2021) pointed out that the major problem in low conception rate related to sexed semen was related to proper handling technique and exact site of semen deposition. 
Table 3: Performance of female sexed semen, conception rate (%) and sex efficiency (%) in major milkshed towns of the Amhara region in one year (2022).
	Location
	No of cows inseminated
	No of cows conceived
	Conception rate (%)
	Birth
	Sex efficiency (%)

	
	
	
	
	Female 
	Male 
	Total 
	

	Chagni ranch 
	241 
	46 
	19.1 
	30 
	0 
	30 
	100 

	Dangila 
	99 
	22 
	22.2 
	16 
	1 
	17 
	94.1 

	S/Achefer 
	96 
	25 
	26.1 
	22 
	0 
	22 
	100 

	N/Achefer 
	90 
	36 
	40 
	36 
	1 
	37 
	97.2 

	Farta 
	217 
	51 
	23.5 
	12 
	2 
	14 
	85.7 

	Debre Tabor 
	29 
	11 
	37.9 
	3 
	1 
	4 
	75 

	Gonder 
	50 
	19 
	38 
	5 
	2 
	7 
	71.4 

	Anigolela  
	25 
	8 
	32 
	8 
	1 
	9 
	88.9 

	D/Birhan 
	25 
	12 
	48 
	7 
	1 
	8 
	87.5 

	Kombolcha 
	50 
	32 
	64 
	9 
	3 
	12 
	75 

	Debre Markos 
	29 
	17 
	58.6 
	  
	  
	
	

	Mekit 
	51 
	27 
	52.9 
	5 
	0 
	5 
	100 

	Bahir Dar 
	100 
	79 
	79 
	57 
	0 
	57 
	100 

	Dessie 
	50 
	24 
	48 
	11 
	0 
	11 
	100 

	Average
	1152 
	409 
	35.5 
	221 
	12 
	233 
	94.8 


Note: Conception rate (%) = number of cows conceived / number of cows inseminated × 100; sex efficiency (%) = number of female calves born / total number of calves born × 100
Challenges in OSMAI under livestock extension (LFRDO)
The success of the OSMAI relies on four main pillars (Figure 7), and they have contributed equally to the success, and if there is a deviation in either of the components, the success will vary. According to the discussion with the livestock office genetic improvement experts, these factors at different levels of effect contributed to the success of OSMAI in the region. According to a report from the office, more than 400 certified AITs participate in dairy genetic improvement programs through crossbreeding in the region. Most of them were trained and permanently recruited by the office; some of them were private, while others were operating under milk cooperatives. 
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Figure 7: The main pillars contributed for the success of OSMAI
With the presence of these potentials in the region, the effectiveness and wide range of applications of OSMAI have been challenged by various factors. Less structural and functional linkage and communication systems among AI centers and district-level livestock and fishery development offices are the major challenges in establishing proper and structured data collection and reporting systems. The absence of incentives, rewards, and refreshment training for AI technicians coupled with the lengthy working steps of OSMAI (animal selection, identification of active CL, delivering hormone, following the heat, insemination, pregnancy diagnosis test) lowers the willingness of the technicians and also contributes to the disruption of AI delivery during weekends and holidays throughout the region. In addition, the following challenges are discussed:  
· Lack and presence of variation between AI technicians in identifying the active corpus luteum before insemination to check the cyclic nature of the animals and detect active heat during insemination.  
· Absence of collaboration between required actors, such as research centers, universities, and projects
· Lack of integration with feed, animal health, better environmental conditions/season, and other required inputs
· Pre- and post-cow management after OS hormone delivery and insemination: flushing of cows with the best feed and separating the cow from the bull after hormonal injection and AI for 2 to 3 days is mandatory to avoid losing a crossbreed calf.
· The hormone brings silent heat in indigenous cattle breeds, which requires strong follow-up after hormonal delivery. Some technical and organizational problems associated with the success of OSMAI have been reported (Tegegne et al., 2016).
CONCLUSIONS AND RECOMMENDATIONS
The overall success rate of OSMAI in the region through research and development practitioners’ management is good, but still to improve the success using the available human resources, capacities installed, funding projects, and government direction is mandatory. The performance of liquid nitrogen plants in this region is very low, which is a major threat to future genetic improvement programs. The most important challenges of the OSMAI in the region are the low motivation of technicians, lack of inputs, inadequate liquid nitrogen, low engagement of stakeholders, lack of appropriate collaborations, and absence of a herd recording system. The following recommendations were amended to improve the current level of OSMAI success in this region: 
· New semen and liquid nitrogen production and distribution centers should be established to satisfy the demand for livestock keepers.
· Wider awareness creation, proper training, careful animal selection, good animal handling facilities, and a well-trained, willing, and cooperative technician are mandatory. 
· The OSMAI, which aims to increase milk yield, should be integrated with different actors in the dairy value chain, such as feed and medication supplies, and around producers with strong dairy cooperatives. 
· Strong and accountable collaboration between different actors participating in the OSMAI should be realized.  
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