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[bookmark: _Toc180582341]                                                     ABSTRACT
Phenotypic and genetic parameters for production traits of Abergelle goats in community-based breeding program scale up villages in case of Alquzu and Addis Mender	
Yeshiwas Walle1, 2, Wossenie Shibabaw1, Zeleke Tesema3,4
                 1Bahir Dar University, College of Agriculture and Environmental Sciences, Bahir Dar, Ethiopia;
2 Sekota Dry land Agricultural Research Center Wag-Himera, Ethiopia;
3 Debre Birhan Agricultural Research Center, Debre Birhan, Ethiopia
                          4 Northwest A&F University, Yangling, Shaanxi, China

Abergelle goats are indigenous to northern Ethiopia, and dual purpose animal. Community-based breeding programs enhance its productivity and resilience, supporting farmers and sustainable agriculture. The objective of this study was to estimate genetic and phenotypic parameters for growth and milk production traits of Abergelle goats in community-based breeding program (CBBP) scale up villages. The data used in this study include six years (2018 to 2023) data collected for Abergelle goats community based breeding program scaling up villages in Alquzu and Addis mender. Data have been collected on growth and milk production traits, from the established village of goat community based breeding program area.  The traits studied, birth weight (BWT), weight at three months (TMWT), weight at six months (SMWT), weight at nine months (NMWT), weight at one year (YWT), average daily weight gain from birth to three months age  (ADG1), average daily weight gain from three month age  to six months age (ADG2), average daily weight gain from six months to nine months (ADG3), and from nine months to one year (ADG4), and for milk production traits average daily milk yield (ADMY), milk yield in 84 days (MY84days) along with different  lactation length. Direct heritability for growth and milk traits was computed using wombat software. Multivariate mixed animal model was applied to estimate genetic parameters. Multivariate analysis was utilized to estimate correlations between traits. The overall least square mean of body weights ± standard errors (LSM±SE) for BWT, TMWT,


 SMWT, NMWT, and YWT were 2.25±0.04, 7.5±0.03, 8.8±0.040, 12.1±0.067, and 15.3±0.092 kg, respectively. The overall LSM±SE of ADG1, ADG2, ADG3, and ADG4 were 58.2±2.27, 37.8±2.04, 19.2±0.7, and 10.5±0.12g per day, respectively. The mean values for ADMY, LL, and MY 84 days were 302.6±6.68 g, 9.4±0.23 weeks and 28.003±47.45 kg, respectively. The direct heritability estimates for BWT, TMWT, SMWT, NMWT, and YWT were 0.34 ± 0.070, 0.45 ± 0.062, 0.40 ± 0.040, 0.42 ± 0.07and 0.41 ± 0.14 respectively. Direct heritability for growth traits moderate to high, selection can improve the growth traits. The phenotypic correlation between birth weight and the traits TMWT, SMWT, NMWT, and YWT was found to be low. However, there was a high genetic correlation between TMWT and the other traits—SMWT, NMWT, and YWT—with values ranging from 0.71 to 0.87. The correlations between TMWT-SMWT, SMWT-NMWT, and NMWT-YWT were high and positive, indicating a strong genetic association. The genetic correlation of birth weight was lower but higher correlations were found among the other growth traits (SMWT, NMWT, and YWT), indicating one of these traits increases; the others tend to increase as well. Therefore, birth weight as growth trait had no strong relation with later stages of growth traits in this study for Abergelle goat in scale up community based breeding programs. The direct heritability estimates for ADMY, LMY, and LL of Abergelle goats were 0.08±0.005, 0.16±0.034 and 0.04±0.034.The repeatability estimates for DMY, LMY and LL were 0.50, 0.22 and 0.06. Both, heritability and repeatability estimates for milk production traits indicate the presence of moderate variation within the studied goat  population and thus selection could be used as the best tool of genetic improvement of Abergelle goat for milk production.
Keywords: Heritability, genetic correlation, genetic parameters, growth rate, milk yield  
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CHAPTER 1.  INTRODUCTION   
[bookmark: _Toc178966237][bookmark: _Toc180582344]1.1 Background and justification
Goats have been covering the widest ecological range, survive and reproduce on marginal lands that often cannot be used for crop production. They occupy an important niche in the smallholder production system mainly due to low initial capital requirement, ability to produce food and fiber at relatively low cost, production of milk and meat in readily useable quantities, relatively high rate of growth potential, marketability in a short period of time  and ease of being managed by most family members (Mohammed Bedhane et al., 2013).The tropical Africa is largely characterized by extensive production system, typically low input–output system, which mainly depends on indigenous goats genetic resources (Oumer Sheriff et al., 2020;Philipsson et al., 2011). 
Ethiopia had  large goats  population which is estimated  to  be 52.4 million (CSA, 2021). They have been found in all agro-ecological zones. About one–third goats  of Ethiopia found in the highlands. Almost all goat population is managed by resource poor small holder farmers and pastoralist under traditional and extensive production system Tesfaye Alemu., (2004). small holder farmers keep small ruminants for cash income, live bank as failure of crop production, meat, milk consumption for their families (Solomon Abegaz et al., 2014a) . The potential for genetic improvement in economically important traits of goats in a selection programme depends on the extent of the genetic variation and estimates of the genetic and phenotypic parameters in goat breeding critical according to the report of (Tesfaye Kebede et al., 2012). However, before selection, knowledge of genetic variation and genetic parameters are helpful in determining the method of selection, to predict direct and correlated response to selection, choosing a breeding system to be adopted for future improvement as well as in the estimation of genetic gains (Zeleke Tesema et al.,  2020a). 
Abergelle goats are ever-present and an important component to the subsistence, economic and social livelihoods of the rural poor farmers in Wag-Himera zone. This breed has been found in all agro-ecologies and farming systems of Wag-Himera, along with Tekeze  river, Gondar, east Belsa, and  in some parts of Tigray region (Mengistie Taye et al., 2013).  


In all parts of the study area goat raised as a major source of cash income , milk, meat and manure for crop production (Solomon Abegaz et al., 2014a). In Wag-Himera zone, the goat population was estimated to be above 500,000 (CSA, 2021). More flocks were found in the low land Wag-Himera huge size, per house hold which is 27 goats (Solomon Abegaz et al., 2014a). The breed was characterized by its small body size and compacted body structure and high adaptation to the harsh environment, and produce meat and milk for their producer’s in addition to cash income. Currently, the demand of red meat from small ruminants especially goat ‘kurete’ houses and hotels are increasing at domestic markets and Abergelle goat is contributing much more red meat supply to the local market. 
Participatory Approach: Involvement of Farmers in community members, especially farmers, are actively involved in decision-making. This ensures that breeding goals align with local needs and priorities, such as improving milk production, disease resistance, or adaptability to local conditions. Training and Awareness: Farmers should be educated about the benefits of controlled breeding, selection techniques, and how genetics affect goat productivity. Cooperatives: Establishing cooperatives or farmer groups facilitates knowledge sharing, pooling resources, and jointly managing breeding efforts. Breed Selection: The breeding program should focus on selecting goats that are well-suited to local environments and farming practices. This could be based on traits like fertility, growth rate, disease resistance, and milk or meat production. Genetic Diversity: It's essential to maintain genetic diversity within goat population to prevent inbreeding depression. This can be done by introducing quality males from other farmers and retribution and rotation of breeding bucks. Sustainable Practices: Breeding goals should aim for long-term sustainability, not just immediate production increases, ensuring that the environment and local ecosystem are not compromised. Breeding Plan Development Selection Criteria: Develop a set of criteria for selecting superior breeding animals; best performing bucks). These criteria should focus on measurable traits such as growth rate, milk yield, disease resistance, and good body conformation. Mating System: Decide on a suitable mating system rotational breeding, Rotational breeding is involves changing breeding bucks periodically to maintain genetic diversity.




Performance Recording: Establish a system for recording performance data on goats, including offspring growth rates, reproductive performance, and disease occurrences (Aynale Haile.; 2020). In the study area, selective breeding was implemented according to the breeding objective of farmers (Solomon Abegaz et al., 2014a;Zeleke Tesema et al., 2024). Scaling up community-based breeding program in participatory manner is best approaches for the sustainable breed improvement programs in the tropics (Mueller et al., 2019; Kaumbata et al., 2020). But, recording in general is hardly practiced in any livestock species, especially in Ethiopia except some practice in research centers and Universities. 
Growth and milk production performances are important indicators of adaptability of animals and management suitability in goat breeding (Karnuah et al., 2018; Solomon Abegaz et al.,2020). Therefore , it is very important to look for options that increase economical contribution of goat to farmers through performance evaluation  of the animals (Gezahegn Alemayehu et al., 2021).
[bookmark: _Toc180582345]1.2. Statement of the problem
Community-based breeding program was started in Wag-Himera zone in 2013 by the collaboration of ICARDA and Amhara Agricultural Research Institute, Sekota Dry-land Agricultural Research Center on Abergelle goat breed. There has been promising improvement in selection under community-based breeding programs in lowland of Wag-Himera. A within-breed selection of Abergelle goat through a community-based breeding approach for 2013-2017 years improved the growth performance significantly. For example, improved birth weight from 1.7 kg to 2.4kg; TMWT 7.4 ± 0.17 to 8.02 ± 0.17kg; SMWT 10.1 ± 0.26 to11.26±0.26 kg , NMWT 13.38±0.26 to 13.94±0.26 kg, yearling weight 16.9 ± 0.44 to 17.48 ± 0.45 kg according the report of (Bewuketu Amare et al., 2020). Community–based breeding program followed low input breeding schemes, takes long time to improve desirable traits. There are more advocating and many demanded for breeding bucks from lowland   Alquzu and Addis mender CBBP villages to other areas. Amahara region livestock office  and different NGOs including Sekota declaration requires improved bucks from community-based breeding program areas to distribute to other areas far from  the community-based areas and to nearest village. From community-based breeding program areas, the first top selected breeding bucks were used for the breeding CBBP flock.

 The second and third-ranked bucks from the community-based breeding program were distributed to other areas for breeding purposes. To improve the breed at largely and to utilize the breeding bucks efficiently, new scaling up community-based breeding village in Wag-Himera is established. Recording of growth traits such as birth weight, three month weight, six month weight, nine month weight and yearling weight and milk production traits daily milk yield, lactation length and pedigree data was started before six years  (2018-2023) by Sekota Dryland agricultural research center  livestock research directorate. But performance evaluation and estimation of the genetic parameter of economically important trait of Abergelle was needed for effective genetic improvement. Performance evaluation and estimation of genetic parameters is prerequisite for genetic improvement of goats and help to optimize the on-going scale up CBBP. The genetic parameter estimates for both milk and growth traits are essential inputs for future realistic breeding programs. The knowledge of the (co)variance components and heritability estimates for milk and growth traits support breeding schemes by selecting animals with superior genetic merit to optimize the response to selection and to improve desired traits (Areb et al., 2021; Zeleke Tesema et al., 2023). Due to this reason the research was conducted with the following objectives. 
[bookmark: _Toc178966238][bookmark: _Toc180582346]1.3. Objectives of the study
[bookmark: _Toc153411138][bookmark: _Toc125292665][bookmark: _Toc178966239][bookmark: _Toc180582347]1.3.1. General objective
· To evaluate the phenotypic performance and estimate genetic parameters for economically important traits of Abergelle goats in CBBP scale up village. 
[bookmark: _Toc153411139][bookmark: _Toc125292666][bookmark: _Toc178966240][bookmark: _Toc180582348]1.3.2. Specific objectives 
· To evaluate growth and milk production performance of Abergelle goat in community-based breeding program scale up village. 
· To estimate genetic parameters for growth and milk production traits of Abergelle goat in Alquzu and Addis mender villages 
[bookmark: _Toc153411140][bookmark: _Toc125292667]
[bookmark: _Toc180582349]1.4 Research question

· What is the growth & milk production performance of Abergelle goats in scale up community based breeding program areas?
· What are the genetic parameters for growth and milk production traits in Abergelle goats?
[bookmark: _Toc153411141]





CHAPTER 2.  LITERATURE REVIEW  
[bookmark: _Toc180582350]2.1. Goat breeds in Ethiopia
Farm Africa (1996) collected and analyzed data on the phenotypic characterization and management practices of goats, categorizing indigenous breeds based on their geographic distribution and the ethnic groups that raise them. By analyzing phenotypic traits and using multivariate statistical techniques, Farm Africa identified fourteen distinct goat populations across Ethiopia and Eritrea. These populations were further classified into four main families: Nubian (including Nubian and Barka breeds), Rift Valley (comprising Worre, Afar, Abergelle, Arsi-Bale, and Woyto-Guji breeds), and Somali (encompassing Hararghe highland, Short-eared Somali, and Long-eared Somali breeds), and petite East African (including Central highland, Western Highland, Western Lowland, and Keffa breeds) families. A subsequent study by (Tesfaye Alemu., 2004),  almost all goat breeds in the region are indigenous and can be molecular classified into 11 distinct breed type. 
Different distinct goat populations exist in Ethiopia, including Abergelle, Arsi-Bale, Afar, Central Highland, Gumuz, Hararghe Highland, Keffa, Long-eared Somali, North-West Highland, Short-eared Somali, and Woyto-Guji. These diverse breeds offer valuable opportunities for molecular and genetic analysis, as noted by researchers such as (Tesfaye Alemu, 2004; Halima Hassen et al., 2012). In a molecular  characterization study conducted by (Tesfaye Alemu, 2004), the Ethiopian goat population was examined using 15 microsatellite loci, resulting in the classification of eleven  distinct genetic groups. These groups include Arsi-Bale, Gumuz, Keffa, Woyto-Guji, Abergelle, Afar, Highland Goats (formerly categorized as Central and North West Highland), and goats from previously recognized regions such as Hararghe, Southeastern Bale, and Southern Sidamo provinces (comprising Hararghe Highland, Short-eared Somali, and Long-eared Somali goats).
In another study, Tesfaye Alemu reported that approximately 75% of the total genetic diversity of Ethiopian goats is concentrated within four breeds: Afar, Abergelle, Gumuz, and Keffa, with marginal losses of diversity at 24.32%, 19.22%, 16.59%, and 12.99%, 


respectively. Despite over four decades of research and development initiatives, including nucleus and crossbreeding programs, the overall population of both exotic and crossbred goats in Ethiopia has not shown significant growth, indicating the limited impact of crossbreeding activities in the country (CSA, 2017). The report revealed that in 2017, indigenous breeds constituted 99.97% of the country's total goat population, with a mere 0.03% comprising exotic and crossbred breeds. Furthermore, there has been no improvement observed in the productivity of the population concerning economically significant traits.
2.3   Goat genetic improvement in Ethiopia 
Over time, various methods have been employed to enhance genetic resources in livestock, following similar procedural patterns without considering potential capacities and infrastructure. In contrast to developed nations, small ruminant breeding schemes in developing countries are typically led by smallholders or pastoralists, involving diverse purposes for keeping livestock (food, skin/wool, manure, savings, and social status), characterized by traditional and institutionally disorganized approaches (Getenet Mekuriaw et al., 2016). Additionally, these programs lack a clear and organized breeding policy, private sector involvement (excluding poultry), and are executed with considerable complexity (Markos Tibbo et al., 2006; Solomon Abegaz et al., 2014b;  Aynalem Haile et al., 2020b. The primary aim of goat production is to generate high-quality products with optimal efficiency. Consequently, numerous genetic enhancements and research ventures have been explored over the past four decades in developing nations, including Ethiopia. Goat research in Ethiopia commenced in the mid-1970s under the small ruminant research program, involving national agricultural systems, universities (Haramaya and Hawassa since 1988), the Ministry of Agriculture, and NGO (Solomon Abegaz et al., 2014b). Initially, goat research was a secondary focus of the small ruminant research program within the National Agricultural Research System (NARS). The goat research program, which included management studies on breed evaluation and improvement for Afar, central highland goat and Saanen goats and their crosses, commenced at Holetta and Melka Werer research centers from the mid-1970s to early 1980s. Its objective was to assess growth performance and milk production potential with potential characterization. 

However, the program was discontinued due to the excessively cool highland environment at Holetta, which was not suitable for goat breeds that are adapted to hotter climates. Additionally, challenges faced with the half crossbred goats during "on-farm" investigations with nomadic pastoralists at Werer contributed to the decision to stop the program. This limitation hindered the practical application of research result within the surrounding pastoral system (Aemiro Kehaliew et al., 2021). 
Research project was also discontinued due to lack of efficient exit scheme reaching the targeted bodies. Later on, in the 1990s, somehow the longest-running project on goats in Ethiopia, running for more than 15 years from 1992 was the Arsi-Bale and Borana goat research that was conducted at Adami Tulu Research Center (Solomon Abegaz et al., 2014b). In addition, another project with the objective of food security and income generation through improved goat production and extension services involving women‘s groups was established in the late 1990s by the collaboration of domestic universities (Haramaya and Hawassa) with Langston University on Arsi-Bale, Somali, Toggenburg goats and their crosses (Solomon Abegaz et al., 2014b). The recent goat genetic improvement initiative was crossbreeding of Boar with various indigenous goat breeds (Abergelle, Arsi-Bale, Central Highland, Short-eared Somali, Hararghe Highland, and Woyto-Guji) to improve growth performances. A detailed review by (Zeleke Tesema et al., (2022), described that in most of the Boer goat crossbreeding activities in Ethiopia, the performance of indigenous breeds and crossbreds were not evaluated under similar management. That created difficulties to evaluate the effectiveness of the crossbreeding program and to design other breeding alternatives. He also reported most goat crossbreeding activities based on Boer goat were discontinued without any clear conclusion. Most of the previous goat genetic improvement and research development initiatives in Ethiopia were almost not successful or discontinued so far without delivering the predefined breeding goals (Zeleke Tesema et al., 2019). The reasons for this failure include bad fit of the genotype with the farmers breeding objectives, low-input systems, management methods, lack of capacity and infrastructure, institutional arrangements, lack of involvement or participation of livestock keepers, and lack of adaptation in improved breeds (Workneh Ayalewet al., 2003; Zeleke Tesema et al., 2022). 



2.4 Productive performance of Ethiopian indigenous goats
The growth rate at which goats grow is a fundamental factor as it affects their ability to reproduce efficiently (Zeleke Tesema et al., 2021). A faster growth rate enables goats to breed earlier and contribute more offspring for producers. This rapid growth also allows  animals to reach a marketable weight sooner (Mengistie Taye et al., 2013), particularly important for breeds raised for meat production. Achieving an optimal level of growth is vital for the overall productivity of the flock and the economic returns from small ruminants. The growth of kids is influenced by factors such as their body weight at different stages and their daily weight gain. The breed (genotype), the nursing ability of the mother, environmental conditions including the availability and quality of feed, play significant roles in determining growth rates, especially during early life stages (Bewuketu Amare et al., 2020). Other factors such as parity, type of birth, sex, and season of birth also impact growth. Studies indicate that there are differences in body weight traits among indigenous goat breeds (Solomon Abegaz et al., 2020). For instance, the birth weight of crossbred central goats with Boer goats in the highland areas of Ethiopia was reported as 2.7 kg (Zeleke Tesema et al., 2021), while under a community-based breeding program, the birth weight was reported as 2.66 kg, indicating a comparable level of improvement through selection (Solomon Abegaz et al., 2020).Crossbreeds require higher levels of inputs such as nutrition, health services, and management, as their genetic composition becomes more diverse. Additionally, indigenous goat breeds, such as the Abergelle, have shown improvement in body size and structure, even though not as large as crossbreeds like the central with Boer goats (Zeleke Tesema et al., 2022).The Abergelle breed, after five selection rounds, reached a birth weight of 2.4 kg (Bewuketu Amare et al., 2020). The selection response of indigenous goats under traditional farm management in various areas of Ethiopia, within community-based breeding programs, has also been observed.
2 .5. Community-based breeding programs and its modalities
Community-Based Breeding Programs (CBBP) are peculiarly executed with the direct involvement of producers right from the outset until the execution of the program, as reported  by (Aynalem Haile et al., 2020a; and  Zeleke Tesema et al., 2024). 

This occurrence may yield either favorable or unfavorable outcomes concerning the overall effectiveness of the program targeting specific breeds during its assessment phase. Essentially, it implies that community engagement in the breeding program could facilitate the integration of indigenous wisdom, which may align with scientific principles or challenge traditional beliefs about the actual circumstances. In contrast, conventional breeding programs often overlook or minimally consider the needs, perceptions, and traditional practices of farmers and pastoralists, resulting in program inadequacies (Solomon Abegaz et al., 2014b). In contrast to conventional breeding programs, community-based breeding program give more emphasis on community involvement, farmer cooperative-driven genetic enhancement, and the incorporation of integrated indigenous knowledge-science-based methodologies throughout program operations (Aynalem Haile et al,2019a). In this approach, various aspects such as selection criteria, selection intensity, the lifespan of selected males, mating structure (including mating ratios), sire rotation, and other relevant conditions are determined in collaboration with the community, aiming to align with scientific standards for these parameters. However, despite these deviations, CBBPs adhere to similar fundamental steps and principles as conventional breeding programs during the planning phase, as outlined by (J.P. Mueller1., 2015).
Assessing the efficacy of selection within any breeding program involves evaluating the rate of genetic response, which is influenced by four key factors: selection intensity (or selection differential), heritability, phenotypic variation, and the generation interval. The rate of genetic change, denoted as the change in the mean breeding value of a population over time due to selection, is typically measured in years as explained by  (Widyas  et al,.2019) and Mackay & Hill ,.2004).
Community-based breeding programs exhibit a certain degree of divergence from conventional breeding programs, as they encompass a series of distinct components or steps. These include the establishment of conducive environments, a comprehensive understanding of production systems, the formulation of precise breeding objectives, the selection of appropriate criteria for evaluation and recording, the development of genetic assessment frameworks, the structuring and organization of breeding activities, and the subsequent evaluation of the proposed program (FAO, 2016; J.P. Mueller et al., 2015, and Markos Tibbo et al., 2006,).
 The incorporation of these steps within CBBPs plays a crucial role in shaping the overall efficacy of the program, particularly in terms of genetic enhancement and livestock improvement strategies. A fundamental aspect of CBBPs lies in the establishment and maintenance of robust recording systems, which serve as vital tools for preserving pedigree information, facilitating genetic enhancement initiatives, aiding farmers in livestock management practices, and monitoring and controlling disease outbreaks within advanced breeding systems (FAO, 2016).
In advanced breeding systems, the development of recording systems faces challenges in adaptation to low-input systems owing to disparities in socioeconomic conditions, production environments, and availability of livestock services, veterinary infrastructure, resource allocation, and farmers' capacities (Aynalem Haile et al,2019a). Consequently, insufficient data provision for genetic assessment arises in low-input systems. Buck selection and management practices further illustrate inconsistencies between conventional breeding programs and community-based breeding programs. In conventional programs, male selection occurs during the evaluation period, facilitated by their proper management within the herd. Conversely, CBBPs encounter diverse farmer needs, prompting the desire to market superior males before the scheduled selection time, necessitating precise scheduling  Aynalem Haile et al., (2020b). Moreover, the duration that selected bucks remain within the population varies across different CBBPs. For instance (Aynalem Haile et al., 2020b),reported a breeding service period of 2-3 years in CBBP village of Menz sheep cooperatives. This highlights the need for a comprehensive evaluation of breeding practices within CBBP, ensuring their appropriateness or necessitating modifications for different species.
Selection intensity and mating ratios represent critical factors influencing genetic progress within CBBPs, diverging from conventional breeding systems. Selection intensities in CBBPs result from various factors, potentially impeding selection responses. Additionally, mating ratios play a crucial role in determining selection intensity within CBBPs. Thus, evaluating the impact of selection intensity and mating ratios on genetic advancement is imperative for the success of breeding programs (Zeleke Tesema et al., 2020a). Sire rotation in communal mating systems is vital to mitigate inbreeding risks. 

However, in CBBPs, this process faces challenges due to varying management practices, perception-related constraints, and non-compliance with governing bylaws. Investigation during program evaluation is necessary to assess the extent of these challenges. It's crucial to adhere to guidelines  (Aynalem Haile et al., 2020b),  For effective implementation of breeding program procedures, including selection intensity, sire rotation, and management to expedite improvements.
The ultimate goal of any breeding program should be to enhance the performance of the entire population of the targeted breed, rather than solely focusing on improving select individuals within elite communities. However, community-based breeding programs primarily concentrate on genetic enhancement at smaller population levels, and the distribution of improved genotypes to production units remains limited due to insufficient cooperation from research and development sectors. Efforts by ICARDA, research institutes and regional livestock agencies are currently underway to expand the genetic improvements achieved in elite CBBP sites through replication of CBBPs or distribution of surplus sires to the base population. Achieving this goal necessitates multi-stakeholder engagement and requires both public and private investments, as highlighted by (Aynalem Haile et al., (2020b). Emphasize that collaborative efforts among stakeholders in CBBP implementation provide an opportunity to pool financial resources and technical expertise, fostering program establishment and sustainability. They suggest that scaling-up strategies should be integrated into pilot designs, emphasizing the importance of engaging dissemination partners during the planning and inception phases of CBBP pilots.Top of Form
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2.6. The efficiency of selection and response of indigenous goats to selection
To improve the growth performance of economically important traits selection was used as tool, breeding bucks or artificial insemination unfreeze semen were among the options. Produce best progenies and control mating was implemented in village level breeding programs. In community based breeding program areas different round of selection  the growth traits that’s , birth weight , three month weight , six month weight, nine month weight  and yearling weight and from  milk trait, daily milk yield, lactation milk yield and lactation 


length   were improved  when compared with its  baseline without selection (Bewuketu Amare et al., 2020). Similar to this study  (Minister Birhanie  et al.,(2018), reported that there was improvement in growth and milk yield  trait in selection. Community-based goat breeding program is considered low input because it uses local resources, techniques, and community knowledge to breed goats sustainably and cost-effectively. Selection is low input genetic improvement strategies for selected traits of animals in Ethiopia.  The traits which interested to change, based farmers ’preference,  and farmers gave weight for each trait to select their animals  (Solomon Abegaz et al., 2014b). It took long time to observe genetic gain, requires documentation of all data on both growth and milk characteristic indigenous breeds in Ethiopia. The central high land goat breed under community based breeding program the birth weight (BWT), 2.66 kg three month weight (TMWT), 9.54 kg, six month weight (SMWT), 13.25 kg, nine month weight (NMWT) 17.79 and yearling weight (YWT) 20.26 kg, when the result compared with its baseline information in all  growth ages  that was BWT, 2.3 kg, TMWT,8.28 kg, SMWT,11.87 kg, NMWT 15 kg and yearling weight 18.71 kg this was due to the positive impact of selection on body weight changes (Solomon Abegaz et al., 2020). On the other  hand, for  central goat breeds (Belay Deribe & Mengistie Taye., (2013a), reported that birth weight improved from 2.01 to 2.32 kg. In the Amhara region, specifically in the Wag-Himera and semi-pastoralist areas, Abergelle goats showed positive responses to selection over multiple rounds. Over five rounds of selection, conducted annually, the mean weights for various stages of growth improved compared to baseline data. Birth weight increased from 1.7 kg to 2.0 kg, weaning weight rose from 7.0 kg to 7.2 kg, six-month weight grew from 9.34 kg to 10.09 kg, nine-month weight improved from 12.76 kg to 13.0 kg, and yearling weight increased from 15.4 kg to 15.9 kg (Bewuketu Amare et al., (2020).  In five round of selection that’s selection once a year and birth weight improved from 1.7 to 2.4 kg at 5th  round of selection other growth traits  three-month weight, six-month weight ,nine-month weight and yearling weight were 8.02,11.26,13.94,16.80 kg respectively according to the report of  (Bewuketu Amare et al., 2020). Even though it takes long period of time for selection, improve growth performance of indigenous goat in community based breeding program. 
There are factors which affects the growth performance of indigenous breeds parity, birth typeset  and Season of birth, (dry season and wet season based on availability of feed resource) some author dived in three dry, cool and wet (Belay Deribe and MengistieTaye, 2013). 

[bookmark: _Toc178973828][bookmark: _Toc179007414][bookmark: _Toc177990207]Table 2. 1. Weight of indigenous goats at different age categories on traditional management 
	Breed
	BWT
	TMWT
	SMWT
	NMWT
	YWT
	 Sources

	CH 
	1.7
	6.77
	
	
	
	(Zeleke Tesema et al., 2021)

	CH
	1.91
	6.84
	9.13
	-
	14.5
	(Belay Deribe & Mengistie Taye., 2013a)

	Aberegelle
	2.27
	7.38
	9.39
	-
	11.2
	(Minister Birhanie et al., 2018)

	Arsi-Bale
	1.91
	6.65
	9.03
	-
	14.32
	(Mohammed Bedhane et al., 2013)

	CH 
	2.66
	9.54
	13.25
	17.76
	20.36
	(Solomon Abegaz et al., 2020)

	Woyto-Guji
	1.94
	-
	-
	-
	-
	(Netsanet Zergaw et al., 2016)

	Arsi-bale
	1.91
	6.65
	9.03
	-
	14.32
	(Mohammed Bedhane et al., 2013)

	Bati Goat
	2.71
	6.15
	10.44
	16.31
	-
	(Hulinim Gatew et al., 2019)

	Borna Goat
	2.21
	5.14
	10.28
	10.28
	-
	(Hulunim Gatew et al., 2019)

	Short eared Somali
	2.15
	4.63
	8.52
	13.75
	-
	(Hulunim Gatew et al., 2019)

	Arab goat
	2.56
	8.48
	11.82
	-
	16.17
	(Befikadu Zewdie et al., 2022)

	Western low 
	2.28
	12
	
	
	
	(Tsegaye Derejie , 2009)

	CH
	2.32
	7.17
	9.30
	-
	13.04
	 (Tsegaye Derejie et al., 2015)

	Arsi -Bale
	1.91
	6.65
	9.00
	-
	14.32
	(Mohamed Bedhane et al, 2013)

	Hararghe high land
	2.39
	12.69
	
	19.72
	
	(Mahilet Dawit et al., 2022)

	Somali 
	2.99
	15.83
	
	20.72
	
	(Mahilet Dawit et al., 2022)

	Begait
	----
	19.03
	
	26.07
	
	(Mahilet Dawit et al., 2022)


Note: CH = Central highland, BWT = Birth weight; WWT =Weaning weight; SMWT = Sex months weight; YWT = Yearling weight; 

Goat growth performance at different age  was improved by selection birth weight in five round of selection once a year improved from baseline 1.7 to 2.4 kg (Bewuketu Amare et al., 2020) and the weaning weight improvement from 7.01 to 8.02 kg ,six month weight from 9.34 to 11.26 kg   nine month weight 12.76 to 13.9 kg and yearling weight  from 15.4 to 16.8 kg  (Bewuketu Amare et al., 2020). According to the report of this study there was variation in weight traits by fixed factors sex, season of birth, years, parity, and birth type. Kids born in wet season shows high birth weight compared with kids born in dry seasons. Reason for this availability of feed for feeding the doe and return to mammalian glands secrets more milk. But in weaning and pre weaning weight birth of season positively affected this will be due early adaptation of kids to the scarce of feed .in dry season there was not more feed resource for goat flocks especially in low land of Ethiopia. Sex affects weight at different ages this is physiological nature of males more than that of females in the same management condition. Parity and birth type positively affects weight in different age. Similar to this study other author reported that kids born in dry season had less birth weight than kids born in wet and cool season but best perform in weaning and pre weaning weight (Befikadu Zewdie et al., 2022). So the non-genetic factors season of birth important in weight traits. The central high land goats breed highly responded to selection unlike Abergelle breed selection was not once in year.  Birth weight from the baseline information that was 2.37kg to 2.84kg and weaning and pre weaning weight 8.28, 11.87, 15.49 and 18.71 kg changed in six years of selection response weaning and pre weaning weight 10.22, 14.51, and 20.36 kg  respectively not including yearling weight. This will be suggested that the selection round of breeding bucks and the genetic potential of central high land goat (Solomon Abegaz et al., 2020). Arsi-Bale goat in   ten years selection birth weight was 2.1 kg compared with baseline information 1.5kg. The response to selection was high and weaning and pre weaning weight had change 6.06 kg, 8.94 kg and yearling weight 14.89 kg baseline information 7.40 kg, weaning weight 7.97 kg and yearling weight 13.48 kg (Mohammed Bedhane et al., 2012). Average age of weaning of Central Highland goats was higher than that of Woyto-Guji Weaning age were 5.51 and 3.84months respectively.
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2.6. Milk production performance of Ethiopian indigenous goats
The milk of small ruminants is consumed by many farming communities in Ethiopia (Netsanet Zergaw et al., 2016).  In most pastoralist and semi-pastoralist areas of Ethiopia, goat milk is used for local consumption (J.P. Mueller et al., 2021). Milk production and composition vary depending on the breed, stage of lactation, nutrition, and overall management of the does (Mestawet Taye et al., 2012). The milk yield for Arsi -Bale and Somali goat was 1.13 kg and 0.85 kg per day, respectively. It was suggested that variation in milk production on genetic make of the breed. Arsi- Bale goat high milk yielder than Somali goat breeds and the protein content of milk higher from Somali breed (Mestawet Taye et al., 2012). The central highland breed milk yield that was average daily milk yield and lactation  milk yield as reported  (Zeleke Tesma et al., 2020c), was  0.28 kg and 34.5 kg respectively. The central highland reported by (Zeleke Tesema et al., 2020)  was not comparable  with (Mestawet Taye et al., 2012). This is due to the genetic distance and management of difference of the animals. The lactation length central breed was103 days (Zeleke Tesema et al., 2020). Abergelle goat breed average daily milk yield and lactation length was reported by (Bewuketu Amare et al., 2020),was 0.338 kg and 62 days, respectively. Aberegelle breed had comparative milk yield with central breed but more short lactation length. Another author, Minister Birhanie et al., (2018) reported on same breed that average daily milk yield 0.390 kg not consistent to the reported by Bewuketu Amare et al., (2020) that was 0.338kg . According to the report, the short lactation length of the Abergelle breed is primarily due to the extreme scarcity of feed and browsing forage in the area. Abergelle goats are found in the harsh lowland environment of Wag-Himra, which contributes to these challenges. According Average daily milk yield, lactation milk yield, lactation length of the cross of Central Highland with Boer goat the season, dry, short rainy, main rainy   and parity. as the reported by (Zeleke Tesma  et al., 2020c), 0.36kg, 0.41kg, 0.25kg 33.3kg , 49.6kg, 32.3kg  91.3 days ,114 days ,105 days  respectively. As study showed that kidding should be synchronized in the time short rainy season for central highland cross with Boer goat main rainy and dry season shortage of feed occurred. The feeding system of an animal depends on its physiological state, as lactating and non-lactating animals require different amounts of feed, even though the nutrient content may vary.

 According to the report by Netsanet Zergaw et al. (2016), the lactation lengths for the Woyto-Guji goat breed were 143.7 days during the wet season and 139 days during the dry season. The indigenous breed had  low milk yield as compared with exotic breed as the author reported (Zeleke Tesema et al., 2020), on cross central highland with Boer goat and (Mestawet Taye et al., 2012). Arsi B-ale goat with Boer goat shows improvement on milk yield and lactation milk yield lactation length, composition of milk crossing Arsi -Bale with Boer goat had not difference composition milk but the drawback of those exotic breed requirement intensive management and susceptible for diseases. Some of indigenous goat breed in Ethiopia and average daily milk yield showed in the following table 2.2 as reported by different authors.
[bookmark: _Toc179007415][bookmark: _Toc177990208]Table  2. 2  Daily milk yield of indigenous goats on different management system 
	Breed	
	DMY
	Management    
	Source
	

	 CH
	0.280
	On station
	(Zeleke Tesema et al., 2024)
	

	Abergelle
	0.610
	On station
	(Hagos Abraham et al., 2017)
	

	Arsi-Bale
	1.130
	On-station
	(Mestawet Taye  et al., 2012)
	

	Abergelle
	0.338
	On-farm 
	(Bewuketu Amare., 2020).
	

	Abergelle
	0.370
	On-farm
	(Minister Birhanie et al., 2018)
	

	Begait
	0.5511
	On-farm
	(Hagos Abraham et al., 2017)
	

	Begait
	0.7510
	On-station
	(Hagos Abraham et al., 2017)
	

	Somali
	0.760
	On-station
	(Befikadu Zewdie et al., 2022)
	

	Long-eared Somali      
	0.330          
	On-farm           
	( Mengistu Urge., 2007)
	

	CH
	0.401
	On-farm
	(Dereje Dea etal, 2018)
	

	Somali goat
	0.85
	On  station
	(Mestawet  Taye et al., 2012)
	


   DMY = daily milk yield, CH = central highland



As showed in table 2.3 different authors reported that the average daily milk yield was improved by management system. but there was variation on genotypes that breed difference was major factors and indigenous breed types in Ethiopia were dual both meat and milk but one breed best performing milk yield than others in the same management condition. The study suggested that the indigenous breed had potential of yielding high amount of milk per day when the feeding and nutritional quantity and quality improved and on station level of nutritional quality and quantity was considered to improve milk yield.
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2.7. Genetic Parameter   Estimation 	
In animal breeding, genetic parameter estimation is the characteristics that used to describe the genetic structure of animal in the population. Genetic and phenotypic parameter estimation in small ruminant is important for several reasons. Firstly, it helps in understanding the genetic variation present in different traits, such as growth rate, milk production  performance, and carcass traits, which are important for breeding programs and genetic improvement (Ghafouri-kesbi & Gholizadeh, 2017). Development of effective genetic evaluation and improvement programs requires knowledge of the genetic parameters (genetic variance of each trait and co- variance among traits) for economically important production traits (Shigdaf  Mekuriaw & Aynalem Haile., 2014).  By estimating heritability, repeatability, and genetic correlations, it becomes possible to predict the response to selection and choose appropriate breeding strategies (Lantier, 2001) . Additionally, knowledge of genetic parameters is crucial for determining the method of selection and designing effective breeding programs. Furthermore, the inclusion of maternal effects in genetic evaluation is important for traits measured early in life, such as pre-weaning growth, as it accounts for the influence of the dam on the offspring's performance . Overall, genetic and phenotypic parameter estimation provides valuable information for making informed decisions in small ruminant breeding and management.

2.7.1 Genetic parameter estimation of growth traits
Effective breeding program depend on the accuracy of genetic parameter estimates, which include heritability, repeatability and correlation between traits (Bagnicka & Wallin, 2007). 

Much more information on heritability, repeatability and genetic correlation estimates for growth and milk trait were not available for goat in Ethiopian. Heritability is defined as the proportion of phenotypic variance that is due to genetic variance. It is a measure of the degree to which a trait is genetically determined. Although not all of the genetic contribution is included, essentially all which is available to a breeder who is trying to select within a breed is included. Obviously heritability is important among the several factors determining how much genetic improvement can be made in any trait (Getenet Mekuriaw, 2016). If an individual will be selected based on their phenotypic values, success in improvement can be predicted only from the knowledge of correspondence between phenotypic and the breeding values. This degree of correspondence is measured by heritability. Since the genotype values are determined by the additive effects of the genes, heritability estimation is necessary to obtain the best estimate of an individual’s breeding value (Ziadi et al., 2021; Mohammed Bedhane et al., 2013).
[bookmark: _Toc180582355]2.7.2 Heritability for Growth Traits
Body weight is among the most economically important and easily measured traits of goat. Knowledge of the specific traits and growth phases of an animal, which serve as the basis for selection, is crucial. This has been particularly emphasized in the case of small ruminants, as reported by Kebede Habtegiorgis et al. (2023). The potential for genetic improvement is largely depend on the genetic parameters of growth weight trait upon which selection may be applied. 
[bookmark: _Toc180582356]2.7.3. Heritability estimate for Birth Weight, three month weight and yearling weight 
Direct heritability estimates for birth weight (BWT) and weaning weight (WWT) of a goat population at Satun province, Thailand. Estimated direct heritability was found to be 0.44 for BW, and 0.51 for WW. Estimated maternal heritability was found to be 0.15 for BWT, and 0.16 for WWT. The direct genetic, maternal genetic and phenotypic correlations between BWT and WWT were positive and moderate to high values (0.50, 0.70 and 0.34, respectively (Supakorn & Pralomkarn, 2009b).   

An antagonistic direct-maternal correlation within traits (-0.39 for BW and –0.78 for WW) and between traits (-0.35 for BW and WW and –0.04 for WW and BW) indicated that offspring of does with superior maternal abilities may provide an inferior direct genetic effect in the same trait and between (Supakorn & Pralomkarn, 2009b). According to the author the birth weight and weaning weight improve by selection. For bore goat breed the direct heritability for birth weight and weaning weight and yearling weight 0.17, 0.22, 0.57 respectively. The direct heritability  different for different breed and age of the animals (Zhang et al., 2009).  Direct heritability for birth weight, weaning weight, six month weight  and yearling weight for Arsi bale goat was reported by Mohammed Bedhane et al., (2013) as 0.39,0.04, 0.02, and 0.14, respectively   which low compared  above mentioned breeds. 
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[bookmark: _Toc179007416]Table 2. 3.Literature on genetic parameters estimation of some goat breeds in different      parts of the world.
	Breed
CHxBoer
	Trait
	  h2a
	 h2m
	 c2
	Sources

	
	Birth weight    
	 0.38  
	 -
	-
	Zeleke Tesema et al., 2020)

	CHxBoer
	Weaning weight
	0.12
	 -
	 -
	Zeleke Tesema et al., 2020

	CHxBoer      
	Yearling weight
	0.28
	 -
	-
	Zeleke Tesema et al., 2020

	Arsi Bale            
	Birth weight            
	0.39
	0.20     
	0.12
	Mohammed Bedhane, 2013)

	Arsi Bale       
	Weaning weight      
	0.04    
	0.07          
	0.09
	Mohammed Bedhane et al ., 2013

	Arsi Bale       
	Six-month weight     
	0.02   
	0.06          
	0.07
	Mohammed Bedhane et al ., 2013

	Arsi Bale       
	Yearling weight     
	0.14    
	0.02
	0.02
	Mohammed Bedhane et al ., 2013

	Boer           
	 Birth weight
	0.17    
	0.26          
	0.12
	(Zhang et al., 2009)

	Boer 
	Weaning weight 
	0.22     
	0.16         
	0.10
	Zhang et al., 2009

	Boer 
	Yearling weight 
	0.57
	0.1
	0.01
	Zhang et al., 2009

	Sahelian
	Birth weight 
	0.41
	-
	-
	Mike and Isaac 2008




	Sahelian 
	Three-month weight  
	0.45
	-
	-
	Mike and Isaac 2008

	Sahelian 
	Yearling weight 
	0.45 
	-
	-
	Mike and Isaac 2008

	Thailand meat goat
	Birth weight 
	0.44
	0.15
	-
	(Supakorn & Pralomkarn, 2009a)

	Thailand meat goat
	Three-month weight 
	0.51

	0.16
	-
	Supakorn & Pralomkarn, 2009


	Naeini goat
	 Birth weight
	0.25
	-
	-
	(A .Hasan Baneh et al., 2012)

	Nigeria sahalian  goat 
	Birth weight
	0.41
	-
	-
	(Otuma & Osakwe, 2014)

	Nigeria sahalian 
	Three month weight
	0.45
	
	
	Otuma & Osakwe, 2014)

	Balkan goat
	Three month weight
	0.153
	
	
	(Petrovi et al., 2012)


 CH = central highland goat, h2a = heritability of direct genetic effect, c2 =repeatability, h2m = heritability of maternal genetic l effect = goat
[bookmark: _Toc180582357]2.7.3 Repeatability 
The majority of research in the breeding and genetics of small ruminants has focused on studying the consistency, heritability, and genetic associations in sheep, while goats have received less attention. As a result, efforts are being made to investigate whether goats exhibit similar patterns in these characteristics as observed in sheep within Ethiopia. The aim is to identify and reveal the traits in goats in a manner similar to those seen in sheep. 

[bookmark: _Toc180582358]2.8 Genetic correlation among traits
 As reported by Wang et al., (2023), genetic correlation among traits primarily arises from pleiotropy, where one  genes affect multiple traits, and from linkage, which can influence different traits. Generally, estimates of genetic correlation between any pair of traits suggest that selection for one trait can result in an indirect genetic response in the other trait (Benjelloun et al., 2023)
[bookmark: _Toc180582359]2.8.1 Genetic Correlation among Growth Traits
The associations between direct and maternal additive genetic effects for birth weight; weaning weight, six-month weight, and yearling weight were 0.64, 0.42, 0.002, and 0.46, respectively, in Horro sheep (Solomon Abegaz  et al ., 2010). The correlations between body weights at various stages decreased with increasing time intervals between measurements. Genetic correlations among most trait pairs exceeded their corresponding phenotypic correlations. Live weights recorded at consecutive ages exhibited high correlations; ranging from 0.61 to 0.98 for Menz sheep (Solomon Gizaw et al., 2007), genetic correlations were similarly raised between pre-weaning daily gain and weaning weight for central highland goat (Zeleke Tesema., 2020a).
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2.9. Practical application of genetic parameter
The practical utilization of genetic factors in goat breeding within Ethiopia involves improving productivity through crossbreeding and evaluating the genetic makeup of local goat breeds. By determining factors such as heritability, heterosis, and recombination effects, breeders can make well-informed decisions regarding breeding methods aimed at enhancing traits like growth rate, disease resistance, and adaptability. Recent research has specifically focused on calculating genetic factors related characteristics in Boer x Central Highland goats in Ethiopia, with the aim of guiding effective crossbreeding initiatives and selection processes to enhance goat populations (Zeleke Tesema., 2020a), Recent studies on the practical implementation of genetic factors in goat breeding in Ethiopia have shown that production traits typically exhibit moderate to high repeatability and low to medium heritability. This suggests that there is potential for improving these traits through selective breeding. Monitoring genetic trends in performance traits is crucial for assessing the effectiveness of selection and management strategies. The fundamental requirement for any breed enhancement initiative is prior knowledge regarding the extent of variability, particularly the additive genetic variability within the studied population, along with trait associations and repeatability (Kefyalew Alemayehu., 2018). In the practical application of genetic parameters, successful utilization has been observed in sheep genetic improvement in Ethiopia, particularly regarding growth and reproductive traits for central   highland goat  (Zeleke Tesema et al., 2023).
[bookmark: _Toc180582361][bookmark: _Toc125292668][bookmark: _Toc153411164]CHAPTER 3. MATERIALS AND METHODS  
[bookmark: _Toc153411165][bookmark: _Toc125292669][bookmark: _Toc178966244][bookmark: _Toc180582362]  3.1. Description of the Study Area
The study analyzed data that have been collected on farm flocks of Addis Mender and Alquzu villages in Sekota and Ziquala districts, respectively, by Sekota Dryland Agricultural Research by livestock research directorate.  The Abergelle goat breeding program was established in in 2013 by ICARDA and Amhara agricultural research institute, Sekota Dry Land Agricultural Research center. 
Sekota district is located 720 km away from Addis Ababa and 430km from Bahir Dar capital city of the Amhara Region at an altitude of 2200 m.a.s.l and at 12o 41’ 11.92" N and 39°00’ 58" E. Annual rainfall ranges between 350 - 700 mm, falling mainly from July to September. The pattern and distribution of the rainfall is erratic and uneven. Average temperature ranges from 16-270C (SDBOA, 2020). The vegetation can be characterized as being semi-arid shrubs dominated by various Acacia species with a sparse ground cover of annual grasses. The district is characterized by long dry season lasting from December to June (Mengistie Taye et al., 2013b).
Ziquala district is located at 12º48´41.39˝N and 38º43´22.02˝E 775 km Northeast of Addis Ababa, Ethiopia. The district has rugged topography characterized by mountains, steep escarpments and deeply incised valleys. Mixed crop-livestock production system with high priority of livestock production is the major farming practice in the area. The mean annual rainfall of the area was 250-650 mm with very short and an erratic distribution from early July to late August. The mean annual temperature  is 25-39 °C and an altitude of 1308 m.a.s.l. Based on the above agro-meteorological data and feed availability, the area was considered wet from  late July to November and the remaining months as dry season (Yeshiwas Walle et al., 2024). 
In Sekota and Ziquala districts, in respective village Addis mender and Alquzu scaling up of CBBP was established in 2018 on Abergelle goats breed. Recording of performance data and selection of breeding bucks were implemented for six consecutive years (2018-2023). 


During selection of breeding bucks, participation of farmers and interest, the economic weight gave to their animal in terms of trait when selecting breeding animals’ growth; milk yield, color, and appearance of the animal were considered. Breeding objective and trait preference of  farmer was studied by Solomon Abegaz et al., (2014b) .The established Scale up CBBP  village which is Addis mender and Alquzu  had 40 and 36 farmers  involved in each village  respectively.
[bookmark: _Toc179006888]Table.3. 1.Total number of   livestock populations in Amahara region and Wag-Himera zone
	 Animals
	 Cattle 
	Sheep 
	Goat
	Camel
	Equines
	Poultry 
	

	Ethiopia
	70,291,776
	42,914,865
	52,463,535 
	8,145,790
	13,323,172
	56,992,987
	

	Amahara   
	17,262,804
	10,391,582
	7,05,305
	44,774
	4,415,455
	19,060,608
	

	Wag-Himera 
	367,985
	196,608
	550,710
	-
	125,554
	398,167
	


Source:   (CSA, 2021)  

[image: ]
[bookmark: _Toc179011534]Figure.1. Map of the study area
[bookmark: _Toc178966245][bookmark: _Toc180582363]3.2 Animal Management
A. Feeding: The goat flocks examined in this study were typically managed by members of farmers in the scale-up CBBP village which is implemented in Sekota Dryland agricultural research center by livestock research directorate. The animal herding system was organized on an individual basis, with each farmer managing their own flock separately. Even when the animals grazed on communal land, the flocks were not mixed. Animals primarily sourced their feed from browsing and grazing on natural pasture, shrubs, and cactus trees, as well as from residues of legume crops like cowpea and sorghum Stover. Improved forage and grass were occasionally provided in small quantities by breeder farmers. During the day, flocks browsed on communal land and were housed at night. The location of the flock's housing varied depending on the season and was constructed from locally available materials, typically situated at a distance from the farmers' residences and some farmers use cave as housing for their animals.
B. Veterinary service: Participants in the scale-up CBBP village received free veterinary services from partners non-governmental organization like ICARDA. Goats underwent deworming for internal parasites twice a year, in January and June. External parasite control measures were administered as needed when infestations occurred. Annual vaccinations were provided against diseases such as Blackleg, Contagious caprine pleuropneumonia and Foot and mouse disease, while vaccinations for Pasteurellosis, Pneumonia, and Peste des Petits. Ruminants were given biannually. Broad-spectrum antibiotics (Oxytetracycline L.A.) were administered before and after the rainy seasons. Multivitamin injections were given whenever signs of stress were detected. Health professionals, along with participant farmers and data collectors, enumerators, monitored the health status of the animals and dealing the symptom of diseases for veterinarian.
C. Selection of bucks: Breeding bucks were selected annually on a predetermined date based on performance data recorded by enumerators. The selection process emphasized the overall excellence of an animal's phenotype, appearance, and color, with a particular preference for colors other than white. It also considered the highest estimated breeding value (EBV) and sexual behavior, as previously quantified by Solomon Abegaz et al. (2014a). 

Since 2020, the selection has primarily relied on the EBV of potential breeding animals. However, not all criteria are strictly followed, as farmers' preferences are also taken into account.  A two-step selection process was employed to select improved bucks for breeding. Initially, candidate bucks were pre-selected and ranked based on their weight at six months. After being distributed to other farmers' flocks, they were re-evaluated and ranked according to their yearling weight EBVs. This process was crucial, as Abergelle goat males are expected to reach sexual maturity at around 7.01 months, though this specific age of maturity has not been extensively studied.  The top 10% of superior bucks were retained for breeding, while others were either sold for breeding purposes or castrated to prevent unwanted mating. Selected breeding bucks typically served for 4-5 years in Bilaqu village (Yeshiwas walle et al., 2024), and agreements were signed between buck holders and village CBBP members outlining their responsibilities. The herding system of goat in community based breeding not mix together and inbreeding was low, after a year of service, after a year of service, breeding bucks were redistributed to other farmers within the community to help mitigate the risk of inbreeding among the CBBP members, which include 76 farmers.
[bookmark: _Toc180582364] 3.3 Data source and experimental design
The empirical data and pedigree data for the study were obtained from the ongoing Abergelle scale up CBBP village in Addis Mender and Alquzu in Sekota and Ziquala districts, respectively, under Sekota Dry-land Agricultural Research Center (SDARC). The research staff of the program from SDARC and other partner institutes like ICARDA were carrying regular follow-up of both functionality of scale up village and record-keeping practices by enumerators. Performance data was recorded, as per performance record format prepared by ICARDA. The performance data along with pedigree information is being maintained in data recording book of individual village. The data routinely collected by the enumerators were at birth, the relevant information about newborn kids such as owners, which is name of farmers, birth date, kid sex, birth type, kids’ birth weight, doe parity, sires ID and doe ID were recorded. Periodically collected data were checked before entering to computer and reported to SDARC at least two or three times in a month. 


The data utilized in the present study were (i) growth trait data, namely birth weight (BWT), three month  weight (TMWT), six-month weight (SMWT), nine month weight (NMWT), yearling weight (YWT), daily milk yield, 84 days total milk yield and lactation length. Daily milk yield data was collected from 1,527 does over a period of 84 days. The total milk yield for the 84 days, as well as the lactation length for 12 weeks, was recorded. Does that gave birth to twins were not included in the milking data.
[bookmark: _Toc177991477][bookmark: _Toc179011535][image: Description: C:\Users\user\Desktop\-5983045686104538222_121.jpg][image: Description: C:\Users\user\Desktop\-5983045686104538369_121.jpg] 
Figure 2. During buck selection (right) and after mating season (left) in Addis mender village   
[image: Description: C:\Users\user\Pictures\LSQ_20221216_125830587.jpg]
[bookmark: _Toc177991478][bookmark: _Toc179011536][bookmark: _Toc177990211][bookmark: _Toc179006889]Figure 3. During mating season in Alquzu Early July taken from Alquzu




Table .3. 2. Number of observations under each trait 
	S.no
	Number of traits 
	Number of observation 
	Remarks

	1
	Birth weight 
	1989
	

	2
	Three month  weight 
	1227
	

	3
	Six month weight 
	1150
	

	4
	Nine month  weight 
	988
	

	5
	Yearling  weight 
	848
	

	6
	Litter size 
	Single             1777
Twin              153
	91.6% single birth
8.4% twin  birth  


S.no = Serial number 
[bookmark: _Toc180582365] 3.3.1 Data adjustment
Average daily body weight gains from birth to three month age; three month to six months of age; six months to nine month of age and nine month to yearling weight age has been estimated as follows. Average daily weight gain (BWT) up to three month age was calculated as
 ADG1 (g/day) -----------------------------------------------------1
Average daily weight gain (TMWT) up to (SMWT) age 
ADG2 (g/day) =-------------------------------------------------------2
Average daily weight gain SMWT up to NMWT age 
ADG3 (g/day) =-----------------------------------------------------3
Average daily weight gain NMWT up to YWT age 
ADG4 (g/day) = ------------------------------------------------------4

[bookmark: _Toc180582366]3.4. Statistical analysis of data 
[bookmark: _Toc178966246][bookmark: _Toc180582367]3.4.1 Effects of non-genetic factors
Data used for the analysis included birth weight, three-month weight, six-month weight, nine- month weight, and yearling weight. Before conducting the main analysis, data were coded and entered into the computer for analysis and preliminary data analysis; normality test was employed by JMP pro 16. Then, data were analyzed using the General Linear Model (GLM) procedure of SAS version 9.0 (SAS, 2003). The non-genetic factors used in the model included year of birth/kidding (2018 to 2023), season (wet and dry season), sex (male and female), parity (1, 2, 3, 4, 5, 6, and ≥7), birth type (single and twin) and site (Alquzu and Addis mender). The Tukey-test was used to separate least squares means. Thus, the following statistical model was used. Tukey test is used to separate least squares means to perform pairwise comparisons while controlling for errors, making it a robust method for determining which specific group differences are statistically significant after ANOVA. 
Model for growth and weight gain traits 	
 Yijklmn= μ + Pi + Sj + Bk + Yrl + Sem+Sxn + eijklmn
Where: 
Yijklmn = growth and daily weight gain traits for each animal
µ = overall mean, 
Pi = ith parity (i = 7; 1, 2, 3, 4, 5, 6, and ≥7)
Sj = jth location (j = Alquzu and Addis mender) 
Bk = kth birth type (k =2; single, twin)
Yrl = lth year (l = 6; 2018 -2023) 
Sem = mth season (m = wet and dry season) 
Sxn= nth sex (n = male, and female)
eijklmn =  random error.





Model for milk production traits 
Yijk= µ + Sbi + Sj+ Pk+ Yl + eijkl
Where: Yijkl the observed milk yield
µ = overall mean
Sbi = is the effect of ith birth season (i= wet and dry)
Sj = jth location (j= Alquzu and Addis mender) 
Pk = is the effect of kth parity (k= 1, 2, 3, 4, 5, and ≥6)
Yl = is the effect of lth year (k= 2018-2023)
eijkl=is random residual error.

Description of pedigree structure and performance data used for genetic parameter analyses is presented in Table 3.3. The parent recorded in the pedigree data includes bucks, dams, and bucks with its progeny records and dams with its progeny records. 
[bookmark: _Toc179006890]Table. 3. 3 Description of data set for growth and milk traits
	
Description  of data
	Traits 

	
	BWT
	TMWT
	SMWT
	NMWT
	YWT          
	ADMY
	MY
	LL

	Number of records 
	1989                                             
	1335
	1211       
	986
	846
	1527
	1527
	1527

	Sires with records & progeny 
	54
	54
	54
	48
	43
	32
	32
	32

	Dams with records & progeny                                                                                                                                        
	635
	607
	428   
	404
	344
	404  
	404
	404

	Maximum                                                                
	3.4         
	9.6        
	19.9              
	24.6      
	28.4
	540
	46
	68

	Minimum                                                                   
	1.1         
	3.8        
	7.0         
	8.6
	10.4
	105.4
	8.4
	25

	Mean                                                                          
	2.06       
	7.0         
	7.2               
	11.5     
	15.3
	346
	28.5
	62

	SD                                               
	0.34       
	0.67     
	2.12       
	1.80     
	3.6
	 27
	16
	32.4

	CV                      
	19.5
	18.0
	17
	19.4
	 21
	 14
	26
	30


[bookmark: _Toc153411167][bookmark: _Toc125292675]Note: - BWT=birth weight, TMWT= three month weight, SMWT= six month weight, NMWT= nine month weight, YWT= yearling weight, ADMY= average daily milk yield, MY90 days = milk yield in 84 days and LL= lactation length

[bookmark: _Toc178966247][bookmark: _Toc180582368]3.4.2. Genetic parameter estimation
The variance components and resulting genetic parameters were estimated in one simple model fitting fixed effects of parity, year of kidding, season of kidding, type of birth, sex as fixed factors for growth and milk production traits. Genetic parameters estimation for growth and milk production traits  were estimated using wombat software (Meyer, 2007). 
Then the fixed effects were fitted in the model for estimating genetic parameters. Mixed multivariate animal model were used to estimate the genetic parameters. Direct additive, maternal permanent environmental effect and random effects were tested for growth and milk traits in given model below.
y=Xb+Z1a+Z2pe+e                                                                                           (Model 1)
Where y is vector of observed traits of animals; b,  a,   pe  and e are vectors of fixed effects, direct additive genetic effects,  maternal permanent environmental effects and , respectively; X,  Z1,  Z2= Incidence matrices, respectively relating fixed effects, direct additive genetic effects, maternal permanent environmental effects and e = vector of residuals.
For phenotypic and genetic correlation
Estimation of genetic parameters (Co) variance components for traits was estimated with a multivariate animal model.
 Y = Xb + Z1a + e                                                                                     (Model 2)
WOMBAT software is used to estimate phenotypic and genetic correlations, often in the context of animal breeding and quantitative genetics. 
where Y is vector of observations for trait b a vector of fixed effects for growth traits (sex, birth type, season of birth and year) a  vector of random animal effects for trait, e vector of random residual effects for trait, and X and Z are incidence matrices relating records for trait  to fixed and random animal effects, respectively.
     

       


CHAPTER. 4.  Results and Discussion
[bookmark: _Toc180582369]4.1. Growth Performance of Abergelle Goat in Scale up CBBP Village
[bookmark: _Toc180582370]4.1.1. Birth weight (BWT)
 Season Sex, year and parity had highly significant effect (P < 0.001) on birth weight. Season and birth type had significant effect (p < 0.005) on birth weight but village had no significant effect (p>0.05) on birth weight. Kids that were born single had a higher birth weight compared to those that were born as twins. This suggests that the birth weight is influenced by the number of offspring in the litter, with single-born kids typically being larger at birth than their twin-born counterparts. This difference may be due to the fact that single-born kids have more access to maternal resources, allowing for greater growth during gestation compared to twin-born kids, who share these resources. This study was in line with (Bewuketu Amare et al., 2020),who reported for the same breed and for rift valley family reported by Hulunim Gatew et al. (2019). According to the authors the possible reason for these trends should be the limited uterine space during pregnancy within twins than single and competition of nutrient of dam especially during the last trimester of pregnancy. In this study males were heavier from female kids this should be due to the effect of hormones in males and females. This result in line with the results reported by  Solomon Abegaz et al, 2020) for Central Highland goat breed. The present study revealed that birth weight across years statistically significant increasing and decreasing ways (P < 0.05).  The current study showed that birth weight varied significantly across years, with both increases and decreases observed (P<0.05). The trends in birth weight over the years, as shown in Figure 4, highlighted the impact of non-genetic factors that are beyond the control of the researchers. These factors, such as the availability of forage and management practices, potentially affect birth weight positively. Additionally, the management system fluctuates annually, and the dynamic environmental changes, consequently, birth weight may be rise in one year and decline in the next due to these changeable factors, which lie out of the researcher's control.Top of Form
 
[bookmark: _Toc177991479][bookmark: _Toc179011537][bookmark: _Toc177983387]    Figure 4.Trends of birth weight across birth years 
The pair-wise comparison of BWT among seven parities showed that all differences among all parties were non-significant except parity 1-2, 2-4, 2-5, 3-6 and 3-7 parties which had significant difference on birth weight, this may be higher parity in goats often results in higher weight kids because of improved maternal ability, better milk production, increased uterine capacity, and hormonal and physiological adaptations. These factors combine to provide an environment that supports the growth of heavier, healthier offspring. The BWT of Abergelle goat 2.25± 0.02 kg was not comparable with BWT (2.68 ± 0.13 kg) of  Central Highland goats (Netsanet Zergaw et al., 2016) and greater in birth weight  than the same family Woyto  Guji breed (2.03kg) (Netsanet Zergaw. et al, 2016). BWT  of Abergelle goat  in scale up CBBP village found to be  greater than the one reported by (Belay Deribe & Mengistie Taye., (2013a) ,for the same breed which is 2.01 ± 0.03 kg and less than that of  Central  Highland breed reported by Solomon Abegaz et al., (2020), which is 2.66 ± 0.03 kg.
[bookmark: _Toc180582371]4.1.2. Three month weight   
Season and village had highly significant effect on three month weight (p < 0.001). Parity, sex and birth type had also showed significant effect (p < 0.05), but years of birth had no significant effect on three month weight as shown in Table 4.2. The least squares mean (LSM ± SE) of TMWT were 8.13 ± 0.038 and 7.38 ± 0.09 kg in Addis Mender and Alquzu village, respectively. The pair-wise comparison of the means showed that a TMWT difference between villages were highly significant; this may be due to variation in management and availability of feed in the study village. Single born kids were 7.85 ± 0.053 kg, which is heavier than twin born ones (7.51 ± 0.05 kg). 

This effect may be attributed to limited uterine space for twin births, which can impact prenatal nutrition and development. Additionally, there is increased competition for the dam's milk during the pre-weaning period, which may further affect the growth and birth weight of twin-born kids (Zeleke Tesema et al., 2021).  Male kids were insignificantly heavier than female kids in three month weight, both male and female kids experiencing shock due to weaning age, feed unavailability and shortage. In contrast to the result of this study, Befikadu Zewdie et al. (2022) reported male kids and female kids having significantly different three month weight. 
TMWT was highest in kids born in the wet season (8.03 ± 0.03 kg) and lower in dry season (7.68 ± 0.049 kg). Differences in TMWT in wet and dry season was in wet season could be associated with surplus and availability of browsing and grazing forages and in dry season the kids face prolonged and severe  shortage of browsing forage and lack of crop residues. This study disagree with  the report of (Dereje Dea & Ermias Eramo., 2018) , three month weight for Woyto Guji goats (9.32 ± 2.28 kg) which is greater than  from the present study.  
 Three- month weight among possible pairs of years of birth had significant difference except between 2018-2022 and 2019-2021 years which were non-significant. The possible reasons for year-wise variation in the TMWT may be due to variation in the management and environmental conditions including feeding and uncontrolled factors of the year. Results obtained in the current study was nearly comparable with the same breed reported by (Minister Birhanie et al., 2018). However, three month weight of the Abergelle goat was smaller  than Central Highland goat in same management system as reported by (Solomon Abegaz et al.,2023) which is 9.32 ± 2.28 kg.  On the other hand, under similar management system in CBBP on the same breed,  the TMWT of the current study (7.5 ± 0.036 kg) is higher than three month  weight (7.2 kg) reported by (Bewuketu Amare et al., 2020). This implies that The fact that the TMWT in the current study is higher than the three-month weight reported by Bewuketu Amare et al. (2020) could indicate better growth potential in the current study’s animals due to improvements in genetics, nutrition, management practices, or environmental conditions. The TMWT trend across years was shown in figure below. 
 
[bookmark: _Toc177991480][bookmark: _Toc179011538]  Figure 5. Trends of three month weight across years 

4.1.3. Six-month weight (SMWT)
The overall least square mean of SMWT was 8.8 ± 0.040 kg. Village and season had highly significant effect on six month weight (p < 0.001) and year of birth had significant effect (p < 0.05), while sex, parity and type of birth had no significant effect on six month weight as shown in Table 4.2. The least squares mean (LSM ± SE) of SMWT for the village (locations) was 9.8 ± 0.038 and 8.5 ± 0.090 kg in Addis mender and Alquzu, respectively. The highest SMWT in Addis mender village was due to the management of animal and availability of feed. Goat keepers in Addis mender village use some improved forage crops (cow pea). In addition to this, there was mobility of animals to search surplus feed in shortage time follows Tirari river around Zata, Korem and east Belsa (Bekahgn Wondim et al.,2021). The least square means of SMWT in the present study was 9.2 ± 0.05 kg for single and 9.18 ± 0.05kg for twin, respectively.   
Single-born kids initially had higher birth weights and monthly weight gains (TMWT), This advantage did not carry over to make them significantly heavier at a later stage (SMWT). Therefore, by the time the kids reached the measured age (likely around six months); there was no significant weight difference between single-born and twin-born kids. This suggests that other factors may have influenced their growth at later stages, and the initial weight advantage for single-born kids did not persist as strongly. 


This might be due to  Single-born kids may not receive better nutrition or growth conditions compared to twin-born kids during the specific measurement period for SMWT. Sex had no significant effect on SMWT (p > 0.05). The present result disagrees with previous studies in other  indigenous  cross breeds (Shumuye Belay et al., 2014;Tsegay Teklebrha., 2018) and agree with the same breed reported by (Minister Birhanie et al., 2018). 
As shown in figure 3, SMWT had substantial weight difference over years. But SMWT not linearly increased over years, this stagnation could be attributed to several factors. One potential reason is the absence of precise selection of breeding bucks, implying that genetic factors influencing weight gain might not have been adequately addressed. Additionally, there may have been insufficient follow-up procedures or gaps in the skills of data recorders, leading to inaccuracies in data collection. Furthermore, variations in the availability of feed and other environmental conditions from year to year could also contribute to the observed differences in goat weights. Seasonal fluctuations of weather condition had positive and negative effects on browsing shrubs and trees and sometimes can be prolonged dry season, increased shortage of feed. The current study found that the SMWT (8.8 ± 0.040 kg) of Abergelle goats is lower than the SMWT reported for Central Highland goats (10.6 ± 0.60 kg) by Zeleke Tesema et al. (2021), and also lower than the SMWT of Woyto-Guji goats (13.32 ± 1.59 kg) under traditional management systems as reported by Dereje Dea & Ermias Eramo (2018). This indicates a significant difference in the growth performance between the Abergelle goats and the other two goat breeds. The result also disagrees with the performance of Bati, Short-eared Somali, and Borana which is (16.31 ± 0.02, 13.9 ± 0.22 and 13.75 ± 0.36 kg,  respectively (Hulunim Gatew et al., 2019).  

[bookmark: _Toc177991481][bookmark: _Toc179011539]  Figure. 6.  Trends of six month weight across years
[bookmark: _Toc180582372] 4.1.4. Nine-month weight (NMWT)
The overall least square mean of NMWT was 12.1 ± 0.067 kg as shown in Table 4.2. Sex, village, season and parity had significant effect on NMWT (p < 0.05), type of birth and year of birth had no significant effect on NMWT (p>0.05), as shown in Table 4.2. The least square mean (LSM ± SE) of NMWT for the village was 14.1 ± 0.06 and 11.4 ± 0.12 kg in Addis mender and Alquzu, respectively, (p < 0.001). The least square means of NMWT for single and twin kids were 12.76 ± 0.11and 12.69 ± 0.07 kg, respectively. This trend was possibly not a carryover effect of BWT and TMWT where in single born kids had highest respective weights. Both groups may have had access to similar quality and quantity of feed, allowing them to grow at the same rate and the genetic makeup of the goats could be similar enough that both single and twin kids exhibit comparable growth patterns. The NMWT in males and females had no significant effect (p > 0.05). The present result is disagree with previous studies on Sirohi goat type 15.29 ± 0.41 kg  (Hina Ashraf Waiz et al., 2018).  
 NMWT across year of birth showed that highest NMWT was recorded in 2020, 12.96 ± 0.14 and lowest NMWT in 2021, 2020 and 2018.This may be associated with the lack of accurate buck selection, inadequate follow-up, and gaps in enumerator’s data recording skill. The other reason could be the difference of year-to-year variation in the availability of feed and other environmental conditions. Nine-Month weight of Abergelle goat in scale up CBBP village was (12.1 ± 0.067 kg)  not comparable with NMWT of central highland goat (17.76 ± 1.01 kg) reported by (Solomon Abegaz. et al, 2020); and in line with the same breed (Bewuketu Amare et al., 2020) which is 12.76 ± 0.26 kg under community based breeding program area. However, under traditional management system the present study on NMWT was  lower than Woyto-Guji Goats, which is  15.89 ± 2.94 kg (Dereje Dea & Ermias Eramo., 2018). Nine month weight in year had the trends of decreasing  except  from 2019  to 2020, this might be the inefficient  use of  breeding bucks premature sale of breeding bucks in community based breeding program of Abergelle goat (Joaquín P. Mueller et al., 2021).The trends of nine month weight across  years shown in figure 4 below.

[bookmark: _Toc179011540][bookmark: _Toc177991482]Figure 7. Trends of nine- month weight across years
[bookmark: _Toc180582373]4.1.5. Yearling Weight
In the present study, the overall least square mean (LSM ± SE) of YWT was 15.3 ± 0.04 kg. The effect of birth type, parity and sex were non-significant on yearling weight (p > 0.05) as shown in Table 4.2.This study revealed that multiple birth was encouraged because at market age the single and twin born animals had similar weight. The least squares mean (LSM ± SE) of YWT were 16.1 ± 0.17 and 14.9 ± 0.10 kg in Addis mender and Alquzu, respectively. The pair-wise comparison of the means showed that YWT differences between pairs of village were highly significant (p < 0.001). Single and twin born animals had yearling weight of 15.43 ± 0.14 and 15.37 ± 0.15 kg, respectively; that’s birth type had no significant effect on yearling weight. This effect may be attributed to lesser availability of uterine space (horns) within twin birth affecting prenatal nutrition/ development and also competition for dams' milk during pre-weaning period but had no significant effect on yearling weight (p > 0.05). The present study  disagrees with the same breed document by (Bewuketu Amare et al., 2020), which is 17.00 ± 0.77 and 16.13 ± 0.24 kg for single and twin born animals, respectively. Other authors mentioned that the  differences in yearling weight  between the sexes might be due to difference in hormones and physiological functions between the two sex (Zeleke Tesema et al., 2021; Belay Deribe and Mengistie Taye, 2014).Yearling weight was lower in dry season (14.6±0.16 kg) and higher in wet season (15.8±0.103 kg), in wet season possibly provided optimum conditions for growth of animals. The variation in kid’s growth up to yearling age in the dry season was distinct from those observed in the wet season. 

The seasonal impact correlates with variations in both feed availability and disease prevalence (Farrag Bahaa, 2022). The YWT differed significantly among potential pairs of birth years, notably between 2018-2019, 2018-2021 and 2018 with 2023, as well as between 2019 and subsequent years. However, there was no significant effect on yearling weight observed between 2019-2021 and 2020-2023. Variations in YWT across different years could possibly be attributed to differences in management practices and environmental conditions, including feeding regimes and inefficient selection of breeding bucks and mating modality follows. Yearling weight trends across years 

       
[bookmark: _Toc177991483][bookmark: _Toc179011541]   Figure 8.  Trends of yearling weight across years  

[bookmark: _Toc178975666][bookmark: _Toc179009548]Table 4. 1.Analysis of variance from birth weight to yearling weight given in scale up CBBP village of Abergelle goats
	Source Of Variations 
	BWT
	
	
	TMWT
	
	
	SMWT
	
	

	
	DF
	Mean square 
	F value 
	P value
	DF
	Mean square 
	 F value 
	P  Value 
	DF
	Mean square 
	F value
	P value 

	Birth Type
	1
	 0.79     
	0.71
	0.3983                                            
	1
	6.3      
	8.30
	0.0010                                            
	1
	1.0      
	166.49
	<.0001                                            

	Village 
	1
	0.12       
	0.06
	0.0103                                            
	1
	82.5    
	 0.52
	0.0016                                            
	1
	390.0  
	0.41    
	0.00l                                            

	Birth Of Year 
	5
	0.29             
	2.46
	0.001                                            
	5
	3.7     
	0.14
	0.0279                                            
	5
	6.9     
	0.59     
	0.5535                                            

	Parity 
	6
	1.94  
	0.34
	0.01620                                            
	6
	5.2    
	1.98
	0.0384                                            
	6
	1.4      
	1.41
	0.01761                                            

	Season Of Birth
	1
	  0.32       
	4.82
	0.0001                                            
	1
	25.9      
	11.57
	<.0001                                            
	1
	16.9    
	10.90
	0.0472                                            

	Sex
	1
	1.28            
	1.79
	0.001808            
	1
	4.0     
	4.17
	0.0114            
	1
	0.016       
	0.32         
	<.0001                            

	R2%
	
	0.18      
	
	
	
	16.5       
	
	
	
	1.3      
	
	

	Cv %
	
	16.5
	
	
	
	18.08     
	
	
	
	19.4
	
	


BWT, birth weight; TMWT, three-month weight; SMWT, six-month weight. ems= error mean square 
Continue from table 4.1 
	
	NMWT
	
	YWT
	

	
	DF
	Mean square 
	F value 
	P value 
	DF
	mean square 
	F value
	P value 

	Birth type
	1
	0.227       
	3.84
	<.0001                                            
	1
	2.14      
	3.84
	<.0001                                            

	
	1
	1159.9    
	1.32
	0.02501                                            
	1
	190.9     
	0.22
	0.6400                                            

	Village 
	5
	6.69      
	0.81
	0.014                                            
	5
	14.9      
	1.74
	0.0017                                            

	Parity 
	6
	6.09     
	0.57
	0.030                                            
	6
	8.7      
	2.04
	0.0394                                            

	Season of birth
	1
	138.68    
	0.17
	0.034                                            
	1
	87.8     
	7.20
	<.0001                                            

	Sex
	1
	11.69     
	3.83
	0.0406     
	1
	16.7      
	5.60
	0.0182     

	R2%
	
	1.7    
	
	
	
	2.6      
	
	

	CV %
	
	17.3
	
	
	
	15.6
	
	

	NMWT, nine-month weight; YWT, yearling weight



[bookmark: _Toc178975667][bookmark: _Toc179009549]Table. 4. 2.Least squares means (LSM±SE) of weight at different ages of Abergelle goats.
	Source of
Variation 
	N
	BWT
LSM±SE
	N
	TMWT
LSM±SE
	N
	SMWT
LSM±SE
	N3
	NMWT
LSM±SE
	N
	YWT
LS`M±SE

	Overall
	1989
	2.25±0.04
	1335
	7.5±0.03
	1211
	8.8±0.040
	986
	12.1±0.067
	846
	15.3±0.092

	CV%
	
	16.5
	
	18.08
	
	 19.4
	
	17.3
	
	15.6

	Village
	
	NS
	
	***
	
	***
	
	***
	
	***

	Addis mender
	793
	2.2±0.05     
	275
	8.1±0.038a    
	304
	9.8±0.038a    
	230                                           
	14.1±0.06a     
	230
	16.1±0.17a    

	Alquzu
	1145
	2.2±0.08
	1060
	7.3±0.09b      
	907
	8.5±0.090b    
	756
	11.4±0.12b     
	616
	14.9±0.10b   

	Sex 
	
	    ***
	
	*
	
	NS
	
	*
	
	*

	male
	974
	2.3±0.05a
	671
	7.60±0.05a
	613
	9.1±0.12    
	461
	12.8±0.11a
	 461
	15.6±0.14a

	female
	964
	2.2±0.07b
	664
	7.47±0.09b
	598
	9±0.13     
	525
	12.6±0.07b
	 525
	15.4±0.18b

	Type B
	
	*
	
	   *
	
	 NS
	
	NS
	
	NS

	single
	1785
	2.30±0.05a
	1227
	7.8±0.04a     
	1129
	9.2±0.05   
	938
	12.7±0.1    
	812    
	15.5±0.14    

	twin
	153
	2.20±0.05b
	108
	7.5±0.05b     
	  82
	9.18±0.05    
	48
	12.6±0.07    
	34
	15.3±0.15

	season
	
	*
	
	***
	
	***
	
	*
	
	**

	wet
	1287
	2.3±0.08a                                                                                 
	904
	8.0±0.04a               
	807
	9.3±0.6a                                                                               
	652
	13.2±0.08a                                                                               
	543
	15.8±0.103b

	dry
	651
	2.2±0.05b                                                                                  
	431
	7.6±0.04b             
	404
	8.9±0.04                                                                         
	334
	12.3±0.08b                                                                           
	303
	14.6±0.16c

	Year 
	
	***
	
	*
	
	    *
	
	*
	
	 *

	2018
	527
	2.2±0.08c                                                                                
	319
	7.7±0.08b         
	272
	8.9±0.08c                                                                                
	162
	12.8±0.19a                                                                               
	117
	16±0.24a

	2019
	300
	2.3±0.01b                                                                                 
	208
	7.9±0.06a          
	187
	9.1±0.09c                                                                               
	157
	12.6±0.14b                                                                                
	144
	14.7±0.22c

	2020
	338
	2.2±0.01c                                                                                 
	229
	7.9±0.09a           
	212
	9.09±0.09c                                                                               
	185
	12.9±0.14a                                                                                
	147
	15±0.24b

	2021
	365
	2.4±0.01a                                                                                
	228
	7.9±0.09a          
	218
	9.3±0.10b                                                                               
	178
	12.5±0.16b                                                                              
	135
	15.4±0.21b

	2022
	408
	2.3±0.07b
	351
	7.7±0.06b 
	322
	9.2±0.07b 
	304
	12.5±0.11b
	303
	15.2±0.141b

	2023            
	472
	2.1±0.02d                                                                                                                                                         
	384
	7.2±0.05c                                                                                                                                               
	334
	9.7±0.04a                                                                                                                                         
	124
	12±0.01d                                                                                                                                                         
	62
	15.2±0.13b

	Parity 
	
	***
	
	*
	
	NS
	
	      *
	
	       *

	1
	323
	2.2±0.01c      
	239
	7.5±0.09e
	221
	8.8±0.08      
	189
	11.8±0.15c      
	158
	15.2±0.21c

	2
	330
	2.2±0.01b        
	239
	7.6±0.06c      
	223     
	8.8±0.09    
	175
	12.3±0.18c      
	155
	15.5±0.24b

	3
	402
	2.4±0.04a        
	220
	7.7±0.08b      
	214
	8.8±0.07      
	179
	12.5±0.15b      
	154
	15.2±0.21c

	4
	354
	2.3±0.08a        
	242
	7.4±0.08e     
	232
	8.8±0.10      
	186
	12.2±0.12b      
	168
	15.0±0.17c

	5
	229
	2.2±0.01c      
	179
	7.4±0.09e 
	149
	8.9±0.10      
	126
	11.6±0.17c      
	110
	15.5±0.27b

	6
	246
	2.2±0.01c        
	191
	7.6±0.11d     
	148
	8.7±0.12
	113
	11.9±0.19c    
	83
	15.1±0.30b

	7≥
	54
	2.2±0.03c  
	25
	8.5±0.34a      
	24
	9.2±0.34     
	18
	14.6±0.44a      
	18
	16.9±0.62a      


Type B = Type of birth, BWT, birth weight; TMWT, three-month weight; SMWT, six-month weight; NMWT, nine-month weight; YWT, yearling weight***,p<0.001; ***,p<0.01; *, p<0.05; NS, p>0.05; N, number of observation; CV, coefficient of variation; LSM, least square means Least squares means with different superscripts within the same column and class are statistically different.



[bookmark: _Toc178966248][bookmark: _Toc180582374]
4.1.2. Daily Weight Gain of growth Traits
Average daily gain (ADG) serves as a fundamental measures for evaluating growth rates across various animal species. A quicker rate of growth enabled animals to reach market weights in a shorter timeframe while utilizing minimal resources. Table 4.3 presents the least squares mean and respective standard errors for the analysis of growth rates across different age groups. Notably, the ADG of young animals shows a declining trend as their age increased. Specifically, the weight gained from birth to the three month age is only half of the weight gained post-weaning, or the weight gained in the three month stages (after weaning) is double the weight gained during the first three months of life. This result aligns with previous studies by (Tesema Zeleke et al., 2021;Belay Deribe Mnegistie Taye., 2023b). This outcome is not unexpected, as the pre-weaning weight gain of young animals is closely linked to factors such as the nutritional status of the mother, maternal care, and the dam's milk production capacity. Conversely, the post-weaning growth of young animals is predominantly influenced by their genetic tendency and other environmental factors. The effect of parity, village, birth types, and year of birth, sex and season on average daily weight gains and least square means of these traits are presented in Table 4.3. This result was unsurprising due to the close correlation between pre-weaning weight gain in young animals and factors such as the nutritional status of the dam, mothering capability, and milk production potential of dam, in addition to genetic tendency and environmental influences. However, post-weaning growth in young animals is primarily determined by their genetic potential and other environmental factors (Zeleke Tesema et al., 2020a).
 (I) Daily weight gains from birth to three month age (ADG1)
The overall ADG (in grams) from birth to three month age was 58.2±2.27 gm/day. The effect of village, season, birth type, year and parity on daily weight gain from birth to three month age were significant (P<0.01) whereas the effect of sex was non-significant (Table 4.3). The least mean squares (LSM ± SE) of ADG1 of the village were 64.9±0.88 and 56.4±0.449 gm/day in Addis mender and Alquzu, respectively. The differences between village was highly significant (p<0.01) and mean ADG1 for single and twin were 62.4±0.42 and 57.8±1.44 gm/day, respectively. 

The ADG1 means of single differed significantly from twin kids. Sex had no significant effect on ADG1; male with female kids had similar average daily gain from birth to three-month age. The LSM of ADG1) across year showed that all pair-wise comparisons of Means were significant 2018-19, 2018-2020, 2021-2023, 2018-2023 (p<0.05) but pairs 2019 and 2020 were non-significant (Hulunim Gatew et al., 2019) reported higher which is  86.22 ± 2.02g/day, for Bati goat ADG1 in traditional management system compared with the current result. This difference might be attributed to both the genetics (as Abergelle goat is a small in size) and also poor management. The current result was comparable  with centeral highland breed reported by (Zeleke Tesema et al., 2021) which is 54.1±4.11gm/day. The ADG1 of this study was less than   Woyto Guji goat breed  reported by (Dereje Dea  and Ermias Eramo., 2018) that was 62.32±24.67,. Similarly  the current result (58.2±2.27gm/day) is, less than the result of (Belay Deribe and Mnegistie Taye., 2013b),which is 76.6±2.3gm/day for Abergelle breed under semi intensive   management system. This may be due the reason that the sample size number of animal in experiment smaller than the current study, feed supplementation and the dynamic environmental factors. when compared with Abergelle crossed with Bore goat first generation the current result was less than  reported by (Shumuye  Belay et al., 2014) which is 73 to 113 g/day. And  lower than the values reported by (Netsanet Zergaw  et al., 2016)  who is reported 73.93±2.01 for Woyto Guji goat.
The ADG of kids showed decreasing trend as the age increases i.e. the weight gain from birth to three month age was one doubling of the post-weaning weight gains of kids. This result concurs (Hulunim Gatew et al., 2019) with Hulunim and (Belay Deribe Mnegistie Taye., 2023b). This was because, in addition to genetic potential and other environmental factors, pre-weaning weight gain of kids are closely associated with the nutritional status of dam, mothering ability and milk production potential of the dam. However, the growth of kids after weaning is largely dependent on their genetic potential and levels of other environmental influences. 

(II) Daily weight gain from three - month to Six months age (ADG2)
The overall ADG2 (in grams) from three -months age to 6-month age was 37.8±3.62 gm 
/day as shown in table 4.3. 

The effect of village, sex, and parity on daily gain from three month to six-month age were highly significant (p<0.01) whereas the effect of year, season and type of birth were non-significant. Weight gain from three –month  age to six month age was higher in Abergelle goat  than  Woyto Guji goat reported by (Netsanet Zergaw et al., 2016) which is 31.92±2.33 and the current study also small  than centeral highland goat by the same author which is 65.4±2.84kg  (Netsanet Zergaw et al., 2016). The least mean squares (LSM±SE) of ADG2 of scale up village were 48.86±0.43a and 34±0.71b g/ day in Addis mender and Alquzu village, respectively. The current study results showed that CBBP scale up village for ADG2 were significantly different from one another. The least square means of ADG2 for type of births was non-significant, twins (36.6±2.2 gm/day) and single (37.9±0.57 gm/day) (p>0.05). The non-significant difference of ADG2 b/n twin and single birth kids observed in present study is in line with to the trends shown in Table 4.3 with birth weight (BWT) and contradicts the trend of three month age weight (TMWT) as shown in (Table 4.3). The possible reason may be that postnatal competition was eliminated after three month age and thus twins expressed their potential in ADG2. The current result was lower  than the previous reports on centeral highland goat  which is 71.07±5.61 and 63.61±5.06g/day and higher than Woyto-Guji  which is 31.93±2.59  and 30.31±2.7g/day reported by (Netsanet Zergaw et al., 2016).Male kids had higher average ADG2 than females (48±2.34 vs. 37.5±2.3 gm/day), respectively.
(III) Daily weight gains from six months to nine month age (ADG3)
The overall ADG3 from six month up to nine month age (in grams) was 19.2±0.7 gm /day. The effect of CBBP scale up village, parity, year and season on ADG3 as shown in Table 4.3 were significant (P<0.05) whereas the effect of birth type and sex were non-significant (Table 4.3).Village had highly significant effect on ADG3 (p<0.01), in Addis mender village relatively the browsing shrubs and natural trees as the animal feed are surplus than Alquzu village. Management of animal in Addis mender in searching of feed for their animal at shortage of feed was best (Bekahgn Wondim et al., 2021).    




VI) Daily weight gains from nine month up to yearling age (ADG4)
The overall ADG4 (in grams) from nine month age up to yearling age was 10.5±0.27gm/day The effect of, season, sex, year and parity on ADG4 were significant (P<0.05) whereas the effect of village and birth type was non-significant (p>0.05) as shown in the Table10. The least mean squares (LSM ± SE) of ADG4 of the village were 10.4±0.64 and 10.8±0.29 gm/day in Addis mender and Alquzu, respectively. The differences between village was non- significant (p>0.05) and Least square means of ADG4 for single and twin were 10.6±0.27and 9.1±1.26 gm/day, respectively. And the sex of kids on daily weight gain was significant at (p<0.05) the maximum daily gain and significant changes obtained from birth up to six month age. The LSM of ADG4 years showed that all pair-wise comparisons of Means were not significant.

[bookmark: _Toc179009550][bookmark: _Toc178975668]Table 4. 3  Least square means (LSM±SE) of growth rates of Abergelle goats under scale up CBBP village. 
	Source of variation
	N
	ADG1(g/day) LSM±SE
	N
	ADG2(g/day) 
LSM±SE
	N
	ADG3(g/day) 
LSM±SE
	N
	ADG4 (g/day) 
LSM±SE

	Over all
	1335
	58.2±2.27
	983
	37.8±
	937
	19.2±0.7
	700
	10.5±0.12

	CV%
	
	25
	
	45
	
	57
	
	66

	Sex of kids
	
	**
	
	**
	
	*
	
	*

	Male 
	671
	64.6±0.58a
	493
	48±2.34a 
	439
	29.2±0.80a
	439
	19.2±0.80a

	Female 
	664
	58.7±0.58b
	490
	37.5±2.3b
	498
	20.2±0.75b
	498
	14.2 ±0.75b

	Village 
	
	***
	
	**
	
	***
	
	NS

	Addis 
	275
	64.9±0.88a
	268
	48.86±0.43a 
	230
	40.460.78a
	582
	10.4±0.64

	Alquzu
	1060
	56.4±0.449b
	715
	34±0.71b
	707
	23 04±0.45b 
	118
	10.8±0.29

	Birth type
	
	*
	
	Ns
	
	*
	
	NS

	Single
	1227
	62.4±0.42a
	921
	37.9±0.57
	892
	29.9±0.56a
	670
	10.6±0.27

	Twin
	108
	57.8±1.44b
	62
	36.6±2.2
	45
	16.1±2.50b
	30
	9.1±1.26

	Season 
	
	*
	
	NS
	
	NS
	
	*

	Dry
	431
	55.01±0.71b
	334
	38.5±0.95
	328
	18.31±0.92
	286
	9.36±0.41b

	Wet
	904
	59.7±0.49a
	649
	37.5±0.68
	609
	20.55±0.68
	414
	11.30±0.34a

	Year  
	
	***
	
	***
	
	***
	
	*

	2018
	319
	60.89±0.83a
	215
	20.2±1.17ab
	160
	24.9±1.31a
	79
	11.84±0.78a

	2019
	208
	54.75±1.03c
	161
	16.8±1.35bc
	154
	18.9±1.33bc
	136
	9.19±0.60b

	2020
	229
	58.51±0.98abc
	164
	17.6±1.34abc
	182
	21.5±1.22ab
	114
	10.3±0.65b

	2021
	228
	59.40±0.98ab
	173
	22.0±1.30a
	160
	19.2±1.31bc
	107
	11.45±0.67a

	2022
	351
	56.78±0.79ac
	270
	13.9±1.04c
	281
	16.5±0.9c
	264
	10.47±0.43b

	2023
	208
	54.75±1.03c
	161
	16.8±1.35bc
	154
	18.9±1.33bc
	136
	9.19±0.60b

	Parity
	
	***
	
	*
	
	*
	
	*

	1
	239
	57.69±0.96ab
	173
	19.08±1.31c
	179
	19.90±1.2bc
	137
	10.70±0.59ab

	2
	239
	58.99±0.96ab
	178
	18.70±1.29c
	168
	19.85±1.27bc
	130
	10.88±0.61ab

	3
	230
	63.54±3.86a
	181
	33.69±4.07a
	183
	43.18±1.21a
	117
	9.54±0.64b

	4
	242
	55.5±0.96b
	188
	17.29±1.26bc
	183
	17.68±1.58c
	142
	9.44±0.58b

	5
	179
	57.23±1.11ab
	131
	14.84±1.51c
	109
	16.72±1.63c
	99
	12.37±0.70a

	6
	191
	59.09±1.08ab
	114
	16.01±1.61bc
	102
	17.77±4.57bc
	68
	10.57±0.84ab

	>7
	15
	60.33±0.98ab
	18
	18.16±1.28b
	13
	22.91±4.57b
	7
	11.04±2.64ab


 LSM, least-square means; SE, standard error; ADG1,= average daily weight gain  from birth weight to three month weight,  ADG2 = average daily weight gain three month weight six month weight , ADG3=,average daily weight gain from six weight to nine month weight and   ADG4=average daily weight gain from nine month weight to yearling weight   ADG’s, average daily weight gain at different age groups Ns, P >  0.05; ***, P < 0.001, **p < 0.01,*p < 0.05, N number of observations. The least-squares mean with different superscripts within the same column and class are statistically different. 


[bookmark: _Toc178966249][bookmark: _Toc180582375]4.2.1 Milk production performance of Abergelle goats in scale up CBBP village 
Overall least mean ADMY, MY84Days and lactation length were 0.302.6±0.068litter, 28.003±47.45 litter, and 65±0.23 days, respectively. The average daily milk yield obtained in this study was higher than the result reported by Mohammed Bedhane., (2013) for Arsi-Bale goats (209 ± 10.7 g), and lower than the report of Alubel Alemu, (2015), for  Abergelle goats (346.36 ±10.08 g).  However, the current result was in line with Minister (2018) for Abergelle goats (309.0 ±8.40 g), Temesgen Jembere et al., (2020) and while it was lower than that reported by (Hagos Abraham et al,. (2017) for Begait goats was (610±10.1 g). The greater ADMY value investigated in the current study in comparison to the previous studies for the same breed might be explained by the variations in the year of evaluation as the other scholars reported this value during the beginning two or three years of the breeding program, and currently the overall phenotypic and genetic trends of the program are changing each year. In addition, the effect of genetic improvement program and associated management variations are also the reasons for the higher values. The result obtained in this study was not in agreement with some of the Ethiopian goat breeds. Longer lactation lengths in contrast to the current study were reported  for different Ethiopian indigenous goat breeds (Zeleke Tesema et al., 2020). The 84-day milk yield, which literally means the total lactation milk yield in this study, was lower than the values reported by various scholars (Hagos Abraham et al., 2017; Zeleke Tesema, et al., 2020) but higher than the report of Mohammed Bedhane et al., (2013). The observed variations among different reports on milk production traits could be explained by differences in the genetic makeup of the breed, variability in management systems, and variations in data collection and evaluation procedures. The average daily milk yield, lactation length, and eighty-day milk yield was significantly (p < 0.001) influenced by the location where these values are most importantly higher at Addis mender village (ADMY and MY84D) than the Alquzu. The lactation length was higher at Addis mender village even though there is no scientific justification for this variation except the accuracy of data collection were more extensive and strict at Addis mender  than at Alquzu village. 



Higher values of milk production traits at  Addis mender village is obvious and described elsewhere in the document for other growth performance  traits due to relatively better feed availability and access of irrigation for forage development at  Addis mender. Significant variations of milk production traits by location were reported by Mestawet Taye  et al. (2012) because milk production traits are significantly affected by the level of nutrition and other environmental characteristics (Idowu and Adewumi., 2017) clearly described that milk productivity in goats mainly depends on the quality and quantity of feedstuffs and approaches targeting milk production improvement should first address the issue of nutrition. Year and season of birth exerted a significant effect (p < 0.05) on ADMY, LL, and MY84D. These traits were significantly improved across different years and the higher values were recorded in 2018 and 2019, whereas lower values were obtained in 2013 and 2014. Higher daily and 84-day milk yield production and a longer lactation length period were found during the wet season than the other. Similar other reports confirmed the effect of year and season of kidding on milk production performance of does (Bagnicka & Wallin, 2007). The higher milk yield and longer lactation length during the wet season might be explained by the availability of better livestock feed resources than during the drier season.
The parity of does at kidding had a pronounced influence (p < 0.01) on all studied milk production traits in the current study. The higher values of ADMY and MY90D were observed in dams of later parity (4th–6th parity) compared to those in earlier parities. This finding aligns with the results of Idris and Mohamed (2018), as well as Hagos Abraham et al. (2017b), who reported a significant effect of parity on milk production traits in does. However, other studies, such as those by Idris Mohammed et al. (2012) and Zeleke et al. (2020), found no significant impact of parity on milk traits. In general, Idris and Mohamed (2018) suggested that milk yield tends to increase with age, as the hormonal status, metabolic activity, secretory cells, and nutrient intake of the doe, all of which are vital for milk synthesis, improve over time. The authors also outlined that the significant effect of age and parity on milk traits suggest milk production tends to increase with parity probably due to increase in the accumulation of mammary alveoli from previous lactation until the process gets interrupted by advances in age  Mohammed et al. (2012). 




The phenotypic trend for milk production traits of Abergelle goats managed under CBBP condition is presented in Table 4.4. Except for a little decline in lactation length in 2020, all other traits showed a positive trend. This could be explained by the effect of selection on improving milk productivity was going in the right direction even though it is possible even to improve these traits beyond the current result through dam line  selection of Abergelle goats.

Trends of average daily milk yield, total milk in 84 days and lactation length in years 

[bookmark: _Toc177991484][bookmark: _Toc179011542]Figure 9.  Average daily milk yield across years 

[bookmark: _Toc177991485][bookmark: _Toc179011543]           Figure 10. Trends of lactation length across lactation years 
[bookmark: _Toc177991486]	
[bookmark: _Toc179011544]                Figure.11 . Trends of milk yield across six years
	



	Source of
 variation
	N
	ADMY(ML)
	N
	LL(weeks)
	N
	MY84Days (ML)

	
	
	LSM ± SE
	
	LSM ± SE
	
	LSM ± SE

	Overall
	1527
	302.6 ± 6.68
	1527
	9.4 ± 0.23
	1527
	28003 ± 47.45

	CV
	
	35.5
	
	40.2
	
	54.9

	Village
	
	***
	
	***
	
	***

	Addis mender
	790
	323.9 ± 3.74a
	790
	10.6± 0.12a
	790
	33918 ± 50.21a

	Alquzu 
	727
	279.6 ± 3.90b
	727
	8.06± 0.13b
	737
	21663 ± 51.99b

	Season 
	
	*
	
	*
	
	**

	Wet
	1036
	298.9 ± 3.34b
	1036
	9.2 ± 0.1b
	1042
	270228 ± 47.45b

	Dry
	481
	310.7 ± 4.90a
	481
	9.7 ± 0.1a
	485
	301102 ± 69.56a

	Year 
	
	NS
	
	***
	
	*

	2018
	254
	290.3 ± 6.752
	254
	10.2± 0.23a
	254
	296368 ± 96.03ab

	2019
	214
	308.01 ± 7.35
	215
	10.3± 0.25a
	215
	311794 ± 104.3a

	2020
	259
	301.6 ± 6.68
	262
	9.3 ± 0.23b
	262
	280378 ± 94.5abc

	2021
	308
	302.8 ± 6.13
	310
	8.9 ± 0.21b
	310
	26.0243 ± 86.9c

	2022
	482
	307.3 ± 4.90
	486
	8.9 ± 0.16b
	486
	269886 ± 69.4bc

	2023
	482
	307.3 ± 4.90
	486
	8.9 ± 0.16b
	486
	269886 ± 69.4bc

	Parity 
	
	**
	
	***
	
	***

	1
	48
	281.97± 15.48d
	50
	5.6 ± 0.52c
	50
	149350 ± 213.9e

	2
	276
	304.16 ± 6.46b
	278
	9.3 ± 0.22b
	278
	275662 ± 90.7d

	3
	245
	310.23 ± 6.85a
	247
	9.8 ± 0.23a
	247
	303796 ± 96.2a

	4
	315
	288.30 ± 6.04c
	315
	9.5 ± 0.20b
	315
	27275 ± 85.2c

	5
	252
	315.48 ± 6.76a
	255
	9.6 ± 0.23a
	255
	294398 ± 94.7b

	6
	181
	306.32 ± 8.73b
	182
	9.6 ± 0.27b
	182
	295947 ± 112.1b

	≥7
	175
	306.04 ± 7.97b
	151
	9.5 ± 0.30b
	151
	288112 ± 123.1c


[bookmark: _Toc178975669][bookmark: _Toc179009551]Table 4. 4. Least square means (LSM±SE) for milk production traits of Abergelle goats
***, p < 0.001; **, p < 0.01; *, p < 0.05; ns, p > 0.05; N, number of observation ADMY, average daily milk yield; LL, lactation length; MY84D, eighty four-day milk yield The Least-squares mean with different superscripts within the same column and class are statistically different.



[bookmark: _Toc180582376]
4.2.2. Genetic parameters estimation for Abergelle goats in CBBP scale up village
[bookmark: _Toc180582377]4.2.2.1 Heritability estimates for growth traits 
Genetic parameters are very important tools that help to give decision on the fate of individuals and on the strategy how to exploit the population in sustainable manner (Getenet Mekuriaw and Aynalem Haile., (2014). It includes: Heritability (h2) Repeatability (r) and Correlation.Estimates of direct heritability for growth traits in goats in CBBP scale up village were shown in table 4.5. Heritability results at different age groups for growth traits showed that moderate to high. The estimates of direct heritability (h2) for BWT, TMWT, SMWT, NMWT, and YWT were 0.34 ± 0.070, 0.45±0.062, 0.40±0.040, 0.42±0.07and 0.41±0.14, respectively. Direct heritability in birth weight was low from other growth traits. Direct heritability (h²) reflects the proportion of phenotypic variance attributable to direct genetic effects. High direct heritability estimate (h²) for three-month weight was 0.45±0.062 and potentially high influence of genes on three-month age. This study agrees on  three-month weight direct heritability  on Nigerian Sahalian  goat  and  similar to small ruminant  on bharat merino sheep that direct heritability was high for three month weight  according to the report of  (Otuma & Osakwe, 2014;Mallick et al., 2021). Notably, the direct heritability demonstrates increase across successive growth stages, starting from birth weight to three- month weight then decreased to six month weight. The present  result  is in line with the report  of Gowane et al., (2015); Zeleke Tesemaet al., (2020),who observed a decline up to six months  followed  by an increase up to the yearling age. Similar to the findings for Arsi-Bale goats (Mohammed Bedhane et al., 2013), growth patterns in goats may begin to be more strongly influenced by genetic factors after six months, with the effect of environmental variations becoming less pronounced. the present study direct heritability of three month weight was greater than Balkan goat which is 0.110 ± 0.044 (V. Caro et al., 2012). However, the relative contribution  of direct  heritability  for each growth trait  can vary depending on the management practices of animals (Abiye Shenkut et al., 2022).




 In the present study area the environmental factors might be browsing and grazing forage, quality and quantity of feed can significantly impact the expression of genes on the growth traits in goats. Nutritional deficiencies or imbalances can affect growth rates, and overall health, potentially difficult to estimate genetic parameters Management practice, Factors such as housing conditions, sanitation, and handling procedures can influence goat behavior, stress levels, and susceptibility to diseases. These environmental management practices can relate with genetic factors, making it challenging to accurately estimate genetic parameters.

The harsh climate and weather condition environmental variables like temperature, humidity, and precipitation can affect goat productivity and health. Extreme weather events or seasonal changes may impact traits such as milk production, growth rates, and disease resistance, complicating genetic evaluations. Goats are susceptible to external parasites, including worms, ticks, and lice. Parasite infestations can reduce feed efficiency, stunt growth, and weaken immune responses, potentially masking genetic differences among animals. Health status and disease outbreaks or chronic health issues within a goat population can influence the accuracy of genetic parameter estimates. The estimate of direct heritability in six month weight in this study exceeded those reported by Rout et al., (2018) for the Jamunapari goat breed 0.14 ± 0.04,Markhoz goats 0.22±0.05 (Hasan Baneh & AYoung., 2012) for Naeini goats 0.25±0.05 , and Meysam Latifi and Mohammad Razmakar.,(2019) for Markhoz goat breed 0.25±0.05. However, it is in line with the values reported by (Shaat.,2009) for Nigerian Sahelian goats (0.41±0.08)   Mohammed BedhaneA., (2013) for Arsi-Bale goats 0.39±0.08, (Shivanand et al., 2022) for Sirohi goats 0.39±0.05 and similar for Egyptian Zaraibi goats was 0.43±0.05 Waiz et al.,(2018). The direct heritability (h2) nine month weights were determined to be 0.42±0.07 in the scale-up CBBP village. The differences in the estimates among these investigations can be attributed to variation in data organization, small data sets, management techniques, utilized methodologies, and potential impacts from inbreeding (in this study the inbreeding coefficient is zero and the breeding  bucks allocated randomly but inbreeding  occurred in the really situation. Random mixing of different flocks was happened in the communal land during browsing and grazing) and the generation intervals. Direct heritability of yearling weight of Abergelle in the present study was 0.41±0.14 which is agreed with report of (Otuma & Osakwe et al., 2014). 

In general weight traits heritability low to high. This result had the implication that high estimated heritability indicates that live of the animal might be simply improved by selection of breeding bucks.   
[bookmark: _Toc178975670][bookmark: _Toc179009552]Table . 4. 5 Heritability estimate of weight at different age groups 
	Trait 
	BWT
	TMWT
	SMWT
	NMWT
	YWT

	h2
	0.34±0.070
	0.45±0.062
	0.40±0.040
	0.42±0.07
	0.41±0.14

	σ2a
	0.04
	0.28
	0.67
	0.7
	0.71

	σ2p
	0.09
	0.08
	0.77
	0.88
	0.75

	σ2e
	0.05
	0.04
	0.06
	0.84
	0.93


BWT = birth weight, TMWT = three month weight, SMWT = six month weight, NMWT=nine month weight, YWT=yearling weight, h2 = heritability, σ2a  = additive variance, σ2p  = phenotypic variance, , σ2e  =  residual variance, h2a   = direct additive variance 



4.2.2.2 Heritability estimates for milk production traits
 Estimated heritability and repeatability for ADMY, LL AND MY84 DAYS   shown below table 4. 6. The direct heritability estimates for ADMY, MY90 days and LL was 0.14±0.51, 0.15±0.34and 0.07±0.34 respectively. And the repeatability average daily milk yield milk yield in 90 days and lactation length was 0.12±0.03; 0.05±0.001 and 0.01±0.005 respectively. The estimated heritability and repeatability for all milk traits in the present was low. These findings may imply that more focus on improving management, nutrition, and environmental factors would be necessary to achieve consistent improvements in milk traits for Abergelle goats. Additionally, breeding strategies may need to consider broader factors beyond genetics to enhance milk production performance. This implies that low heritability and repeatability in production milk traits had no significant effect in this work. The heritability estimates from the present study were comparable with the following reports.  For Arsi- bale goat in reported by (Mohammed Bedhane et al., 2012), which is 0.03, 0.69 and 0.071 for lactation length, lactation milk yield and daily milk yield respectively. However the present study was lower than the report of P. K. Routa et al., 2017 for Jamunapari goats in semiarid tropics  India which is 0.15±.05, 0.26±0.07 and 0.02±0.03 for milk yield in 90 days ,total milk yield and lactation length respectively. 


The lower estimated values for all milk production traits obtained in this study compared to other work might be explained by various factors such as environmental differences, data size and quality, modeling techniques, and time frame variations. Data quality is mentioned as a potential factor influencing the estimates, indicating that data collected under on-farm conditions may be subject to measurement and technical errors compared to data collected under more controlled conditions.
Generally the heritability estimates suggest low heritability for milk production traits in Abergelle goats under the CBBP scale-up village. However, the estimates are influenced by various factors, including environmental conditions and data quality. Further research may be needed on station with long generation intervals to refine these estimates and better understand the genetic basis of milk production traits in Abergelle goats, potentially informing more effective breeding strategies to improve milk yield in this population. Abergelle goats, this might imply that to draw accurate conclusions about their performance, milk production, or genetic traits, it would be better to analyze data collected directly from controlled environments (on-station data) rather than relying solely on previous studies or general assumptions. On-station data would be more precise and relevant to the specific population or conditions being studied.
[bookmark: _Toc178975671][bookmark: _Toc179009553]Table 4. 76. Estimates of heritability and repeatability for milk traits 
	Trait
	ADMY
	LL
	LMY

	σ2a
	1170.4
	0.34
	8.71

	σ2pe
	4.6
	0.03
	2.04

	σ2e
	1800.8
	5.06
	29.76

	σ2p
	2331.5
	5.43
	38.51

	h2 
	0.14±0.51
	0.07±0.34
	0.15±0.34

	r 
	0.12±0.03
	0.01±0.005
	0.5±0.001


   ADMY = average daily milk yield, LL lactation milk yield, LMY = lactation milk yield of in 84 days, h2 = heritability, σ2a= additive variance, σ2p = phenotypic variance, σ2e= residual variance, h2a= direct additive variance 


4.2.2.3 Phenotypic and genetic correlations 
The estimates of phenotypic and genetic correlations for different growth traits obtained from the bivariate analysis of animal model are presented in Table 4.9.1. Phenotypic correlations are better at evaluating the effect of both genetic and environmental variation while genetic correlations merely evaluate genetic contributions obtained from common ancestral relationships. The genetic correlations among growth traits in this study were found to be higher than the corresponding phenotypic correlation values. This finding is consistent with the results reported by Zeleke Tesema et al. (2020). Phenotypic correlations of BWT with later growth stages were low in comparison to the reports of Zeleke Tesema et al., (2020) and Mohammed Bedhane., (2013). On the other hand correlation values for TMWT-SMWT, SMWT-NMWT and NMWT-YWT are higher and positive which are comparable with the results of  Mohammed Bedhane., (2013) and Zeleke Tesema et al., (2020) for indigenous Arsi-Bale and Central Highland X Boer goat breeds, respectively. These higher phenotypic correlation values means that heavier weight of kids at three month age tends to attain heavier weights at later stages of growth. 
Phenotypic correlation is a statistical measure that evaluates the strength and direction of the relationship between two observable traits. In the context of this study, the focus is on the birth weight (BWT) of Abergelle goats and its association with other growth traits. When examining BWT in relation to other traits such as three-month weight (TMWT), six-month weight (SMWT), nine-month weight (NMWT), and yearling weight (YWT), there are higher correlations. This implies that as BWT increases or decreases, the other traits tend to also increase or decrease, although to a relatively small extent.
The genetic correlation coefficients, which quantify the strength of these associations, ranged from 0.091 to 0.232. Despite being  moderate, these correlations were not particularly strong, suggesting that while there is some relationship between BWT and the other traits, it may not be significant enough to base decisions solely on BWT when considering the growth of the animal. Additionally, higher correlations were found among the other growth traits (SMWT, NMWT, and YWT), indicating one of these traits increases; the others tend to increase as well.

Moving on to genetic correlation, this measure assesses the extent to which the variation in one trait is attributable to genetic factors that also influence another trait. In the case of BWT and other growth traits, the genetic correlations were generally small, indicating weak genetic relationships with later growth stages. However, there was a moderate genetic correlation with TMWT, ranging from 0.71 to 0.87. This suggests that while there may be some genetic influence on the relationship between BWT and TMWT, it is not particularly strong. Conversely, there were higher positive genetic correlations observed among the later growth stages (TMWT-SMWT, SMWT-NMWT, NMWT-YWT, and SMWT-YWT), with correlation coefficients ranging from 0.74 to 0.89. This indicates that genetic factors influencing one growth trait tend to also influence the others positively, highlighting the concept of pleiotropy where one gene affects multiple traits (Zeleke Tesema et al., 2019).
The result of this study early selection based solely on BWT may not be effective in breeding programs aimed at improving the growth of Abergelle goats. Instead, considering the genetic correlations among various growth traits can inform more efficient selection schemes to enhance overall productivity. 

[bookmark: _Toc178975672][bookmark: _Toc179009554]Table 4. 87 Phenotypic (below diagonal) and genetic (above diagonal) correlation for growth traits 
	
	BWT
	TMWT
	SMWT
	NMWT
	YWT

	BWT
	1.00
	0.23±0.014
	0.12±0.128
	0.09±0.15
	0.091±0.04

	TMWT
	0.068± 0.02
	 1.00
	0.87±0.043
	0.67±0.071
	0.71±0.017

	SMWT
	0.044±0.025
	0.84±0.08
	 1.00
	0.89±0.053
	0.72±0.05

	NMWT
	0.029±0.026
	0.65±0.02
	0.68±0.017
	 1.00
	0.74±0.014

	YWT
	0.018±0.043
	0.42±0.03
	0.47±0.026
	0.58±0.03
	 1.00


 BWT, Birth weight; TMWT, Three-month weight; SMWT, Six month weight; NMWT, Nine month weight and YWT, Yearling weigh

[bookmark: _Toc180582378]4.2.5. Genetic trend for growth traits for Abergelle goats  
Estimating genetic trends is crucial for realizing the step of enhancement and the breeding direction within the genetic improvement program's intervention periods. Figure 9-13 illustrates the genetic trends of growth traits for the Abergelle goat breed. In this study, genetic trend coefficients were determined as follows: -0.001 for birth weight (BWT), 0.0114 
for three-month weight (TMWT), 0.0363 for six-month weight (SMWT), 0.0391 for nine month weight (NMWT), and 0.0537 for yearling weight (YWT) traits. These values indicate that BWT underwent a genetic decline of 0.001 kg/year, whereas other weight traits in later stages of Abergelle goat experienced increases of 0.0114, 0.0363, 0.0391, and 0.0537 kg/year for TMWT, SMWT, NMWT, and YWT traits, respectively. Generally, the genetic trends for growth traits exhibited inconsistent and lower over the years, this due to frequent drought in study area. Nonetheless, the results of this study surpassed those reported by (Zeleke Tesema et al., 2020), for Boer x Central Highland goats under a semi-intensive management system, who observed negative trend values for BWT, TMWT, and SMWT traits, with higher values (0.13 and 0.21 kg/year) reported for NMWT and YWT, respectively. Similarly,(Rout et al., 2018) documented relatively comparable values, but with higher trends in some later stage growth traits of Jamunapari goats (0.04, 0.08, 0.12, 0.14, and 0.20 kg/year for BWT, TMWT, SMWT, NMWT, and YWT, respectively). The negative trends observed for BWT contrasting with the positive trends for the other body weight traits, may be attributed to the weaker genetic correlation of BWT with later age weights and the lack of precise selection of bucks and does based on their estimated breeding values, particularly during the initial stages of the breeding program. Conversely, the comparatively higher and positive genetic trend for SMWT, NMWT and YWT indicates that greater emphasis was placed on selecting for these traits relative to others in the growth process. 
The genetic trend of body weight was illustrated in the following figures.
[bookmark: _Toc179011545]
Figure 12.Genetic trends for birth weight across years 
[bookmark: _Toc179011546]
Figure 13. Genetic trends for three month weight across years
[bookmark: _Toc179011547]
Figure 14.Genetic trends for six month weight across years
[bookmark: _Toc179011548]
Figure 15. Genetic trend of nine month weight across years
[bookmark: _Toc179011549]
Figure.16. Genetic trend for yearling weight across years
[bookmark: _Toc178966250][bookmark: _Toc180582379]CHAPTER .5 Conclusion and Recommendations
[bookmark: _Toc168942212][bookmark: _Toc178966251][bookmark: _Toc180582380]5.1. Conclusion 
The non-genetic factors like village, birth type, season of birth, parity, kidding year and sex had a significance influence on the growth and milk production performance traits of Abergelle goats. This ascertains the need to consider fixed effect during genetic parameter estimation. Low to high heritability estimates for most of the growth and milk production traits were found and sufficient additive genetic variance exists for these traits that could be used for selection in the existing CBBP which can improve the genetics of Abergelle goats. Moderate to high positive phenotypic and genetic correlations among growth traits during the later growth stages suggests the selection for one trait would result in improvement in the other traits and thus could be advantageous for selection of goats at an early age. The genetic trend for growth, and milk production traits found in this study is promising. In the current study; LL, the nature of the experiment and other management conditions could be the main reasons for the underestimates of milk production in Aberegelle goats. The highest ADMY was recorded in the kidding season in wet season). Wet season favored goats for better milk production in the study area. The heritability of milk production traits seems high in ADMY and in lactation length (LL). This indicates that there is highly variable environmental condition at the study site. Accurate estimates of genetic parameters are vital for genetic improvement in livestock. Although, large data set is required for more accurate parameter estimates, the results obtained in this investigation can be applied for Abergelle goats genetic improvement programme. However, genetic progresses are not consistent and even the rate of improvement is lower than other breeds which calls for optimization of the program in the future.
[bookmark: _Toc180582381]  
5.2. Recommendation 
[bookmark: _GoBack]Buck selection should ideally occur at six months of age rather than based solely on yearling weight, as this approach has shown to have a positive and higher genetic correlation with birth Weight Traits with six month weight (SMWT). This strategy enables the acquisition of superior animals with enhanced genetic values before farmers need to sell them for household purposes. Accurate data recording, effective sire rotation and management, retaining superior male kids within the flock until selection, scheduling buck selection should be implemented in six month age.
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[bookmark: _Toc179010248][bookmark: _Toc179012575]Appendix 1. Analysis of variance (ANOVA) for BWT
	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	0.08354619
	0.08354619
	0.71
	0.3983                                            

	Sex
	1
	0.00674199
	0.00674199
	0.06
	0.0103                                            

	Birth type
	2
	0.57589722
	0.28794861
	2.46
	0.0257                                            

	 Parity
	6
	0.35749768
	0.03972196
	0.34
	0.01620                                            

	Year
	5
	2.81921786
	0.56384357
	4.82
	0.0002                                            

	 Season
	1
	0.20974475
	0.20974475
	1.79
	0.01808            

	Error
	
	
	
	
	                                



[bookmark: _Toc179010249][bookmark: _Toc179012576]Appendix 2. Analysis of variance (ANOVA) for TMWT
	Source
	 DF
	 Type III SS
	 Mean Square
	 F Value
	Pr > F                                            

	village
	1
	14.07813773
	14.07813773
	8.30
	0.0010                                            

	Sex
	1
	0.87883985
	0.87883985
	 0.52
	0.016                                            

	Btype
	2
	0.48039078
	0.24019539
	0.14
	0.0279                                            

	Parity
	9
	30.14920207
	3.34991134
	1.98
	0.0384                                            

	Year
	5
	98.11569808
	19.62313962
	11.57
	<.0001                                            

	Season
	1
	7.06338843
	7.06338843
	4.17
	0.0114            

	Error 
	
	
	
	
	                                


[bookmark: _Toc179010250][bookmark: _Toc179012577]Appendix 3 . Analysis of variance (ANOVA) for six month weight
	Source variation 
	DF
	Type III SS
	 Mean Square
	 F Value
	Pr > F                                            

	village
	1
	588.5646897
	588.5646897
	166.49
	<.0001                                            

	Sex
	1
	1.4355382
	1.4355382
	0.41    
	0.5240                                            

	Btype
	2
	4.1828089
	2.0914045
	0.59     
	0.5535                                            

	Parity
	9
	45.0067418
	5.0007491
	1.41
	0.01761                                            

	Year
	5
	192.6497059
	38.5299412
	10.90
	0.0472                                            

	Season
	1
	1.1400075
	1.1400075
	0.32         
	<.0001                            

	Error
	
	
	
	
	               


 
[bookmark: _Toc179010251][bookmark: _Toc179012578]Appendix 4 .Analysis of variance (ANOVA) for NMWT 
	Source  variation 
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	12.48510975
	12.48510975
	3.84
	<.0001                                            

	Sex
	1
	4.30108940
	4.30108940
	1.32
	0.02501                                            

	Btype
	2
	5.27227074
	2.63613537
	0.81
	0.4444                                            

	Parity
	6
	14.81596745
	1.85199593
	0.57
	0.030                                            

	Year
	5
	2.77358085
	0.55471617
	0.17
	0.034                                            

	Season
	1
	12.43200519
	12.43200519
	3.83
	0.0406     

	Error
	
	
	
	
	                                       



[bookmark: _Toc179010252][bookmark: _Toc179012579]Appendix 5. Analysis of variance (ANOVA) for YWT
	Source variation 
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	12.48510975
	12.48510975
	3.84
	<.0001                                            

	Sex
	1
	46.229808
	46.229808
	0.22
	0.6400                                            

	Btype
	2
	737.089262
	368.544631
	1.74
	0.1752                                            

	Parity
	6
	3441.257732
	430.157217
	2.04
	0.0394                                            

	Year
	5
	7602.594264
	1520.518853
	7.20
	<.0001                                            

	Season
	1
	1182.507491
	1182.507491
	5.60
	0.0182     

	Error 
	
	
	
	
	                                       



[bookmark: _Toc179010253][bookmark: _Toc179012580]Appendix 6 . Analysis of variance (ANOVA) ADG1 from birth weight up to three month age
	Source variation 
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	1160.13333
	1160.13333
	5.11
	0.0239                                            

	Sex
	1
	92.72429
	92.72429
	0.41
	0.5229                                            

	Btype
	2
	170.96996
	85.48498
	0.38
	0.6863                                            

	Parity
	6
	3417.42012
	379.71335
	1.67
	0.0904                                            

	Year
	5
	10835.88270
	2167.17654
	9.54
	<.0001                                            

	Season
	1
	643.28097
	643.28097
	2.83
	0.0925          

	Error 
	
	
	
	
	                                  


 
[bookmark: _Toc179010254][bookmark: _Toc179012581]Appendix 7. Analysis of variance (ANOVA) for ADG2 average daily gain from weaning age to six month age 
	Source variation
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	1487.544518
	1487.544518
	9.74
	0.0018                                            

	Sex
	1
	268.656866
	268.656866
	1.76
	0.1850                                            

	Btype
	2
	510.299109
	255.149555
	1.67
	0.1886                                            

	Parity
	6
	1388.622997
	173.577875
	1.14
	0.3357                                            

	Year
	5
	888.038745
	177.607749
	1.16
	0.03255                                            

	Season
	1
	48.198711
	48.198711
	0.32
	0.5744          

	Error 
	
	
	
	
	                                  


[bookmark: _Toc179010255][bookmark: _Toc179012582]Appendix 8. Analysis of variance (ANOVA) for ADG3 average daily gain from six month weight age up to nine month age
	Source Variation 
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	1487.544518
	1487.544518
	9.74
	0.0018                                            

	Sex
	1
	46.229808
	46.229808
	0.22
	0.6400                                            

	Btype
	1
	737.089262
	368.544631
	1.74
	0.1752                                            

	Parity
	6
	3441.257732
	430.157217
	2.04
	0.0394                                            

	Year
	5
	7602.594264
	1520.518853
	7.20
	<.0001                                            

	Season
	1
	1182.507491
	1182.507491
	5.60
	0.0182     

	Error 
	
	
	
	
	                                       


[bookmark: _Toc179010256][bookmark: _Toc179012583]Appendix 9. Analysis of variance (ANOVA) for ADG4 average daily gain from nine month weight age up to yearling age 
	Source variation
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	12.48510975
	12.48510975
	3.84
	<.0001                                            

	Sex
	1
	6.619272
	6.619272
	0.07
	0.7939                                            

	Btype
	2
	70.502403
	35.251201
	0.36
	0.6951                                            

	Parity
	6
	1641.897179
	205.237147
	2.12
	0.0316                                            

	Year
	5
	4232.139997
	846.427999
	8.73
	<.0001                                            

	Season
	1
	344.459401
	344.459401
	3.55
	0.0596    

	Error 
	
	
	
	
	                                        


[bookmark: _Toc179010257][bookmark: _Toc179012584]Appendix 10. Analysis of variance (ANOVA) for average daily milk yield of abergelle goat in scale up CBBP village 
	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	year
	5
	102001664.4
	34000554.8
	35.57
	<.0001        

	village
	1
	5014987.03
	2507493.51
	2.32
	0.0990                                            

	parity
	6
	19398576.2
	2155397.4
	2.26
	0.0173                                            

	LL
	11
	217648867.3
	16742220.6
	17.52
	<.0001                                            

	season
	1
	49286837.8
	24643418.9
	25.78
	<.0001               

	Error 
	
	
	
	
	                             





[bookmark: _Toc179010258][bookmark: _Toc179012585]Appendix 11. Analysis of variance (ANOVA) for total daily milk yield of abergelle
	Source  variation 
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F                                            

	village
	1
	5014987.03
	2507493.51
	2.32
	0.0990                                            

	Parity
	6
	24909200.46
	3113650.06
	2.88
	0.0036                                            

	Year
	5
	28836966.39
	5767393.28
	5.33
	<.0001         

	LL
	11
	217648867.3
	16742220.6
	17.52
	<.0001                                            

	Season
	1
	103933.64
	103933.64
	0.10
	0.7567        

	error
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       Early July taken from Alquzu
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