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On Farm Phenotypic Characterization, Breeding, Husbandry and 

Fattening Practices of Harar Cattle in Hararghe Highland 

ABSTRACT 

The study was conducted in four districts (Jarso and Goro Gutu) from eastern Hararghe 

and (Tullo and Oda Bultum) from western Hararghe zone of Oromia Regional Sate, 

Ethiopia, with the objectives of phenotypically characterization and to identify and 

characterize Harar cattle  breeding, husbandry and fattening practice in the study area. 

Data collection were carried out through field observations, semi-structured questionnaire, 

focus group discussions, discussion with key informants and linear body measurements of 

sample indigenous cattle and secondary data collection from different sources. A total of 

300 households (75 from each district) were purposively selected and interviewed and 488 

adult cattle were sampled for morphological description and linear body measurements. 

The average cattle herd size was 6.02±0.11heads per household and there were highly 

significant different (p<0.0001) among districts. The coat color type of female Harar cattle 

was  white grey (36.1%) ,white (29%) ,red (23%) black (6.9%) and white and red (5%).The 

coat color type of male Harar cattle was roan (34.5%),white grey (26.2%),red 

(20.2%),white (13.1%) and black(6%). The average Body length, chest girth, height at 

withers,pelvic width,horn length and body weight for female cattle was 118.73±0.49,144.53

±0.59,116.39±0.38, 36.84±0.26, 14.70±0.24cm and 257.12±1.63kg respectively. Result 

from Analysis of variance on quantitative variables indicated significant different for both 

sex and district (p<0.001).Body length, chest girth, height at withers ,pelvic width,horn len

gth and body weight for male cattle were 125.26±0.66,163.52±1.55,121.32±0.47,39.60±0.5

5, 12.50±0.38cm and 280.43±3.45kg.Based on a discriminant analysis sample populations 

were classified into their respective districts with the overall hitting rate of 56.19 percent 

for females and 84.14 percent for males. Age at first mating, age at first calving, calving 

interval, reproductive life time of cow and total calves born per cow life time of Harar 

cattle were 3.57±0.61, 4.48±0.68, 1.94±0.67, 12.03±3.04 and 5.81±1.89 years respectively. 

Natural uncontrolled mating was the main breeding system in all districts. The main 

sources of breeding bull were own bull and from neighboring herd.  
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The effective population size of mixed herd was calculated to be 926.5 and the inbreeding 

coefficient in combined population was estimated to be 0.05%. The main traits of Harar 

cattle preferred by community were adaptability traits, meat quality, milk yield, and coat 

color and disease resistance. The majority (95%) of the interviewed respondents practiced 

cattle fattening. All of cattle fatteners in the study districts were used indigenous cattle for 

fattening purpose. Majority of the respondents (72.3 %) in the study areas fatten cattle once 

a year. Decision of ending of fattening period was made by considering live weight change 

of the animals (79%) and anticipated current and future price (21%). The main sources of 

fattening cattle are local markets and own production. The most preferred animal for 

fattening are young bulls (uncastrated male) in Oda Bultum, Jarso and Goro Gutu districts 

while  matured oxen in Tullo district.  The main feeding methods of cattle in the study area 

are cut and carry (62.7 %) followed by tethering (22.7 %) and herding (14.7%).The main 

source of water for fattening cattle during dry season was pond, while during wet season 

river and pond. The major diseases described by respondents were blackleg, pasterullosis, 

mastitis, and anthrax and parasites. The major challenges that faced the cattle fatteners 

(farmers) in the study areas are shortage of feed and water, disease and parasite problem, 

and lack of improved forage. 

Key words: Fattening system, Harar cattle , Phenotypic characterization 

 

 

 

 

 

 



 
 

1. INTRODUCTION 

Ethiopia is generally believed to have the largest population of livestock in Africa. The 

total number of cattle in all regions of the country except the non-sedentary population of 

three zones of Afar and six zones of Somali region was estimated to be 59.5 million (CSA, 

2017).Out of this total cattle population, the female cattle constitute 55.5 percent and the 

remaining 44.5 percent are male cattle. The majority of these cattle (98.2%) are indigenous 

breeds which are kept under extensive management. Hybrid and exotic breeds accounted 

for about 1.62% and 0.18%, respectively (CSA, 2017). It is increasingly recognized that the 

use, development and conservation of livestock biodiversity are of great importance to food 

security, rural development and the environment (Pilling et al., 2008). 

Phenotypic characterization of indigenous livestock breeds is critical in breed improvement 

and conservation (Jing et al., 2010; Kugonza et al., 2011).The Domestic Animal Genetic 

Resources Information System(DAGRIS) database registered 34 phenotypically recognized 

indigenous cattle breeds in Ethiopia (DAGRIS, 2017). However, breed characterization 

process is not exhaustive in the country. The recent rigorous effort in inventory and 

characterization has been revealed distinct breeds and will be expected to increase the 

number of breeds of the country in each species (EBI, 2016). Information on both within- 

and between-breed diversity is important, as the former provides information for 

management at the breed level and the latter helps to identify divergent breeds that may 

harbour distinct genotypes and are therefore worthy of conservation efforts even if their 

within-breed diversity is relatively high (Shah et al., 2012).Understanding the diversity, 

distribution, basic characteristics, comparative performance and the current status of a 

country’s animal genetics resources is essential for their efficient and sustainable use, 

development and conservation (FAO, 2007). 

 Domesticated animals, especially livestock and poultry, are an important source of protein 

in African countries including Ethiopia. Increasing this protein resource requires the 

conservation of diversity among indigenous livestock. 
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 In order to cope with an unpredictable future, genetic reserves that are capable of readily 

responding to directional forces imposed by a broad spectrum of environments must be 

maintained. Maintaining genetic diversity is an insurance against future adverse conditions. 

 In Africa, diversity among environments and nutritional standards as well as challenges 

from multiple infectious agents requires diverse breeds and populations (Dackson, 

2008).Indigenous cattle have been naturally selected for years towards adaptive traits such 

as tolerance and resistance to diseases, high fertility, unique product qualities, longevity 

and adaptation to harsh environments and poor quality feeds (Aynalem, 2006). 

 However, a large proportion of indigenous livestock populations in developing world have 

not yet been characterized or evaluated at phenotypic and genetic levels (DAGRIS.2006). 

In order to ensure proper conservation and utilization of indigenous breeds, it is necessary 

to evaluate genetic variations that exist within and among breeds. Accordingly, proper 

identification, evaluation, and maintenance of different traits of animal genetic resources 

are necessary to make them available and relevant for future use without compromising 

their current utilization (Tekle et al., 2011).  

Phenotypic as well as genetic characterization of indigenous livestock genetic resources 

provides the basis for any livestock development intervention. Clearly, sustainable 

utilization of local breeds is the best means of conserving these genetic resources. The first 

essential step towards sustainable utilization of these resources is to identify the major 

breed types, establish their population size as well as their geographical distribution and 

describe their typical qualitative and quantitative phenotypic traits (Ayalew et al.,2004). 

Recognition of breeds’ potential depends on the availability of accurate and comprehensive 

information on their characteristics and their production and marketing environments. Such 

information can only be obtained through well-designed characterization studies that 

include pertinent and well thought-out analysis and interpretation of the data collected 

(FAO, 2014). However, the genetic diversity and the genetic merits of most Ethiopian 

indigenous cattle populations are not yet well understood and exploited. Consequently, 

some of the indigenous cattle populations are already extinct and endangered, while the risk 

status of many of them is unknown (Edea et al., 2012).  
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Despite the significant contribution of cattle to the country, little attention is given to 

identify, characterize and conserve the diversity of the various classes of livestock. The 

current state of knowledge on characterization of cattle genetic resources in Ethiopia shows 

that there is inadequate breed level characterization information (Rowlands et al., 2006).  

Phenotypic characterization of AnGR is the process of identifying distinct breed 

populations and describing their external and production characteristics in a given 

environment and under given management, taking into account the social and economic 

factors that affect them. The information provided by characterization studies is essential 

for planning the management of AnGR at local, national, regional and global levels (FAO, 

2012). Phenotypic characterization is a prerequisite for effective assessment of AnGR 

diversity and determining whether or not it is being eroded. Phenotypic characterization is 

therefore fundamental to the establishment of national inventories of AnGR, to effective 

monitoring of AnGR populations and to the establishment of early-warning and response 

systems for AnGR (FAO,2011). 

Many researchers have worked on phenotypic and genetic characterization of cattle in 

Ethiopia but there is little study done to characterize Harar cattle breed. The Harar cattle are 

categorized under Small East African Zebu Cattle and distributed in the highlands of 

Eastern and Western Hararghe Zone, (Rege and Tawah, 1999; Workneh et al., 2004;DAGR

IS,2007). Traditionally they are used for meat, milk and draught purposes; and they are 

known to have good potential for meat and milk production in the study area.  

Cattle fattening is an effective tool for poverty alleviation and has become an important 

business of the small farmers as well as urban dwellers. Particularly, the sector is good 

opportunity for employment and income generation for the rural poor, especially landless, 

destitute and divorced women (Ahmed et al., 2010). Meat production and consumption is 

important in the Ethiopian economy and ruminants contribute over 3.2 million tons, 

representing over 72% of the total meat production (Belete et al., 2010). 
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In order to increase the meat production and consumption both at national and international 

level, beef cattle fattening plays an important role .In Ethiopia, there are three different 

types of beef cattle fattening systems; those are traditional fattening, by-product based 

fattening and Hararghe type fattening system. In traditional system, farmers usually sell 

oxen after the plowing season when they are in poor body condition and too old for the 

draught purpose. By product fattening system is mainly based on agro-industrial by-product 

such as molasses, cereal milling by product and oilseed meals. Intensive feeding of young 

oxen used for draught power could best describe Haraghe fattening practices (MoA, 

1997b).  

In Ethiopia, there is limited information about their constraints, opportunities, challenges, 

economic efficiencies, production potentials and performances of beef animals under this 

sector (Bezahegn, 2014) and also particularly, the constraints, opportunities and challenges 

faced were not properly assessed even though the encouragement of the sector by 

government. Information about smallholder fattening practices and its constraints is 

important for researchers, policy makers to take serious measures and suggest possible 

technologies to improve the productivity of the sector and hence maximize its contribution 

to the total Gross Domestic Product (GDP) or economy of the country.  

However, there is no sufficient documented information on fattening practices of these 

smallholders’ labors and their challenges in Ethiopia. Moreover, there might be a number 

of challenges which limits profitability of cattle fattening systems in the area. So, 

conducting research and raising appropriate improvement strategies of cattle fattening have 

to be needed. 

The bulls of the breed, which is commonly called Harar Sanga, was said to have good 

potential for beef purpose in the East and Central part of Ethiopia. Despite the presence of 

scanty of information on the production system, the breed was not characterized 

phenotypically in their environment (in-situ). As the production system is dynamic due to 

change in grazing land and other inputs it is important to characterize the environment the 

breed is managed in, so that the main reason for the present and future potential of the 

breed was identified.  
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Harar cattle breed was reported to produce tender beef compared to beef from Arsi and 

Bale cattle breed (Gadisa et al.,2019). This has initiated the need to conduct phenotypic and 

environmental characterization of Harar cattle breed focusing around its anticipated main 

use, fattening for beef purpose.  

Thus, the general objective of the study was  

❖ To phenotypically characterization of local cattle population and understand 

fattening system of the community  in Hararghe highland 

 The specific objectives were:  

❖ To  phenotypically characterize  Harar cattle type  

❖ To identify and characterize the cattle Fattening  practice of the community in the 

study area 

❖ To assess breeding and husbandry practices of the community in the study area 
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2. LITERATURE REVIEW 

2.1. The Origin of Ethiopian Cattle Breeds 

East Africa, in general and Ethiopia in particular own the highest concentration of 

domesticated and diversified cattle (Bos indicus and Bos taurus) in the continent (Rege, 

1999). Hanotte et al., 2000) also concluded that Ethiopia is the cradle of the largest number 

of African zebu population. This might be because of the fact that Ethiopia is believed to 

have been a gateway for cattle immigrations into Africa (Hanotte et al., (2002). It is showed 

that cattle may have entered to Ethiopia in the middle of second millennium B.C (Epstein, 

1971). According to Rege (1999), Ethiopia, is considered to be a supposed migratory 

corridor for both Near-East Bos taurine and Arabian and Indian Bos indicus cattle into East 

Africa. Therefore, in general, the country is considered as the home of most important 

cattle breeds for eastern and southern Africa (Hanotte et al., 2002, Ayalew et al., 2003) and 

enriched with 34 recognized indigenous cattle breeds (DAGRIS, 2017). The diverse agro-

ecology, cultural and ethnic diversity, a long-lasting agricultural practice and farming 

systems in the country have contributed to be a Centre of secondary diversification for 

livestock in the continent (IBCR (2001) and (Takele et al.,2011). Present-day Ethiopian 

cattle population can be classified as large and small East African Zebu, Sanga and Zenga 

type (Rege et al., 2001, Zewdu, 2004). 

2.2. Cattle Breeds of Ethiopia 

The Ethiopian indigenous cattle breeds so far phenotypically identified are 34 that includes 

Arsi, Begait, Ogaden, Borena ,Goffa, Arado, Nuer, Gurage, Jidu, Karayu/ Afar, Harar, 

Horro, Smada, Fogera, Mursi, Raya–Azebo, Adwa, Jem-Jem, Sheko, Ambo, Jijiga, Bale, 

Hammer, Medense and Abergelle (DAGRIS,2017). All of those cattle types were described 

as having considerable adaptability to harsh climate, poor nutrition and diseases endemic to 

their respective areas. Moreover, the local breeds are generally named after the area they 

occupy. According to Alberro and Hailemariam (1982), little effort has been made to 

comprehensively describe the indigenous livestock population of Ethiopia.Accordingly, the 

different Cattle breeds were classified into four broad categories:  
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the humpless hametic Longhorn and Shorthorn, the Zebu, the Sanga and the intermediate 

Sanga/Zebu. Similarly, according to Workneh et al. (2004), a total of 32 recognized 

indigenous cattle types are found in Ethiopia, with fall into 5 distinct breeds.  

The highest proportion that found in the highlands and low lands of the country is Small 

East African Zebu. Three other breeds, the Ethiopian Boran, Murle and Arsi are classified 

in the Large East African Zebu group. The Sanga mainly comprises the Danakil and Raya 

Azebo (from northern and northeastern Ethiopia) and Anuak and Aliab Dinka (from far 

southwest lowlands of the country).Three other breeds (Horro, Fogera and Arado) from 

central highlands are classified under Zenga (sanga-zebu interbreeds). There is only one 

representative of the humpless Shorthorn group of cattle in Ethiopia, which is the Sheko 

(from the mid-altitude southwest of the country) Workneh et al.(2004). 

2.3. Types of Indigenous Cattle and Their Geographic Distribution 

Main groups of Ethiopian Indigenous cattle can be broadly classified into four categories: 

Large East African Zebu, Sanga, Small East African Zebu, Zenga (zenga, defined as 

Sanga×Zebu backcross). In addition to these four categories, other Ethiopian cattle breeds 

have been recently derived through recent crossbreeding with exotic (Zewdu et al., 2012). 

Large east African zebu includes; North Sudan zebu (Begait cattle), Boran (Ethiopian 

Boran cattle) and Abyssinian short honed zebu (Arisi cattle). They mostly inhabit North 

West, south and central highland of Ethiopia respectively. Both these have unique 

evolutionary adaptation to harsh climate Murray et al.(1984) and various endemic diseases 

(Mattioli et al., 2000).  

Small east African zebu is classified as Abyssinian shorthorn zebu and are found in 

different agro-ecologies and named in to different breed names which includes (Bale and 

Jem-Jem cattle) in Sidamo and Bale mountain,(Harar cattle) in Hararghe highland, (Ogaden 

cattle) in Eastern Ethiopia, (Smad cattle) in the highlands of southern Gondar, (Adwa 

cattle) in Tigriay region northern Ethiopia, (Jigjiga cattle) in Somali region of south-eastern 

Ethiopia, (Goffa cattle) in the wet and warm south-western highlands of Ethiopia, (Guraghe 

cattle) in the tsetse-infested valleys of the Ghibe tributaries,(Hammer cattle) in the South 
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Omo zone of southern Ethiopia, (Ambo cattle) in the western Shoa of central Ethiopia  

(Hanotte et al., 2000; Otten et al.,2011). Zebu cattle (Bos indicus), are the majority of cattle 

types in Ethiopia. They have a fatty thoracic hump on their shoulders and a large dewlap.  

The zebu is usually susceptible to trypanosomosis (Murray et al., 2013) however; tolerance 

to the disease has been documented in the Boran, Large East African zebu breed (Njogu et 

al., 1985). They are adapted to dry environmental conditions and high temperatures and are 

known to be more resistant to tick infestation compared to Bos taurus cattle ( Mattioli et 

al.,2000). Ethiopian zebu cattle inhabit in all parts of the country. Their small body size and 

high production levels in tsetse-free areas have made them more appealing to the local 

farmers, and therefore partly explain their abundance and wide distributions. 

The Sanga is an intermediate type of cattle, which is a cross between Bos taurus and Bos 

indicus. They are humped but the hump is cervico-thoracic rather than thoracic. The term 

'Sanga' is an Ethiopian word meaning 'bull' and it relates to the origin and Centre of 

dispersal of this group of cattle breeds. This breed group includes (Agnuak cattle) which is 

found in Gambela south-western Ethiopia, (Raya Azebo cattle) in Tigray and Wello in 

north-eastern highlands of Ethiopia. These are slightly bigger animal, probably a result of 

selection for draught power for the settled agricultural practice ( Rege et al.,1999). The 

Sanga show a mixture of features from the zebu (humps and dewlap) and Humpless cattle 

(long horns and no humps). However, recent molecular genetic evidence (Hanotte et 

al.,2002) suggests that genetic introgression of the Bos indicus (zebu) spread from the Horn 

of Africa to the west of the continent and the zebu genes might have dispersed rapidly into 

the indigenous Africa populations. The present distribution of the Sanga cattle extends from 

Eritrea, through Ethiopia, southern Sudan of eastern Africa.  

They inhabit south-west and north-eastern Ethiopia and are known to be well adapted to 

seasonally harsh conditions (Okello et al., 2006).Various Ethiopian cattle breeds and their 

characteristics are presented in table 1. 
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Table 1: Summary of Ethiopian indigenous cattle breeds with their characteristics (EBI, 2016) and (Abraham and Abebe, 2018) 

Group Name Breed Name Distribution  Characteristics 

Large East 

African Zebu 

Begait North West Ethiopia like Tahtayadiabo, 

Kafta humera, Welqait, Asgedetsimbla 

districts 

Adaptive in hot and shortage of water, tacking long distance to 

find feeds and water, active disposition, long legs and large 

humps that tend to be cervico-Thoracic 

Ethiopian 

Boran 

 

distributed in the southern rangelands of 

Ethiopia, around Liben, Mega and Arero 

plains kept by Borana pastoralists 

Long distance walking ability, drought resistance, reasonable 

conception, excellent mothering ability, well developed herd 

instinct, more docile and resistance, heat tolerance, longevity 

Short horned, mainly white, fawn or brown with darker 

shading color on the head, neck and shoulders. 

Small East  

African Zebu 

 

Arsi cattle central highlands of Ethiopia; Arsi, Shewa, 

Bale, Sidamo and Harar 

Poor milkers, extremely active and often very aggressive 

Habituates highland of Ethiopia. Small short horns, 

dominantly black 

Jem-jem distributed in highlands of Jem-Jem, 

Sidamo and Bale in southern Ethiopia 

Adapted to the wet and cold climate above 2500 m.a.s.l, short 

horns and ears, slender legs, small to medium humped and 

solid black, black with a white face or white patches 

Ogaden distributed in the Ogaden area of the Somali 

region and bordering Eastern Hararghe 

Adaptive to hot environments, uniform plain white, black 

shade around face and humped and in most cases polled 

Goffa cattle Distributed in Goffa area, principally 

around Sawla in South Omo. 

higher altitude, wetter agricultural areas, red coat colour, small 

hump and small to medium horn 

Mursi Cattle Distributed in Maintained by the Mursi and 

neighboring pastoral community of South 

Omo 

Adaptive in humid environments Grey, white, black, chestnut, 

roan, pied with spots and striped. And horns are mainly large, 

usually curved inwards; hump is prominent and well 

developed 

Adwa cattle 

 

Central zone of Tigrai region high temperatures and are known to be more resistant to tick 

infestation higher altitude, red, chestnut, black, roan and white 

Coat colour 
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Table 1: (Continued) 

Group Name Breed Name Distribution  Characteristics 

Small East 

 African Zebu 

 

Harar cattle eastern and western Hararghe 

plateau 

Adaptive in higher altitude, wetter agricultural areas roan, black and red 

Jijiga cattle distributed in Somali region of 

jijiga 

Occupies the mid-altitude zone between the Ogaden rangelands and the 

Hararghe highlands, wetter to somewhat drier areas chestnut, black, 

white or red coat color  

Smada distributed in Gayint, and Smada 

in south Gondar 

Inhabits the higher altitude, wetter agricultural areas Mainly black, but 

other colors are in combinations of red, black and white. 

Guraghe 

cattle 

distributed in the Guraghe and 

Hadiya areas in close to tsetse-

infested valleys of the Gibe valley 

Inhabits the higher altitude, wetter agricultural areas, small short horned, 

red, chestnut and roan color 

Ambo cattle western Shewa Short horned Zebu inhabits the higher altitude, compact conformation, 

larger than the adjacent Guraghe breed 

 

East African  

Sanga 

Raya Azebo distributed in east of lake 

Ashange of Tigray region and the 

bordering areas of Wello 

Has a trait of adaptive importance for the production system where the 

breed exists.  mainly used for work, meat and milk 

Kereyu cattle  distributed in the Kereyuarea of 

Eastern Shewa 

well adapted to the hot environmental situation straight profile, long thin 

legs and long horns plain, patchy and spotty 

Anugak Maintained by the Anuak people 

of Gambela 

Tolerance to Trypanosomosis 
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Table1:(continued) 
Group Name Breed Name Distribution  Characteristics 

Zenga 

 

Fogera cattle Fogera plains around Lake Tana, 

Southern Gonder and adjoining 

areas of Gojam 

Adaptive to seasonal flooding and the swampy conditions of the area. 

Tolerate tick and flies bitts relatively better than other breed in 

surrounding. Black-and-white or black and grey coat color. Well-

developed dewlap and naval flap and is docile. 

Horro cattle  Distributed in Horro Gudru of 

Eastern Wallega; also in Western 

Shewa, and adjoining areas of 

Illubabora and Shewa 

Adaptive in to humid and wetter agricultural area Dominantly brown or 

reddish brown coat color thin skin; horns moderate but larger than the 

common zebu 

Afar cattle Maintained by Afar people in 

eastern and north Ethiopia(Tigrai 

and Wollo) 

 resistant and adapted to the harsh conditions, Large and slender body, 

small humps and moderate dewlap, Ash-grey, white smooth, red and 

shiny coat colour 

Arado cattle northern Ethiopia particularly in 

Tigrai 

high altitude and feed shortage plain and patchy well developed hump 

and dewlap 

Abergeele 

cattle  

Tigray and adjacent districts of 

Amhara region of North Ethiopia 

Tolerant to heat, disease and parasite, ability to cope feed shortage, 

female long thin horn, male short thick horn, Small hump, dewlap, naval 

flaps, Black and mix of black with White color 

Humpless 

shorthorn 

Sheko cattle Distributed in the humid parts 

of south western Ethiopia around  

Bench-Maji zone 

Tolerance to Trypanosomosis polled or has floating type of horn and 

brown or black and white colour and glossy-red hair 
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2.4. Characterization of Animal Genetic Resources 

Characterization is defined as the distillation of knowledge, which contribute to the reliable 

prediction of genetic performances of animal genetic resource in a defined environment and 

provides a basis for distinguishing between different animal genetic resources diversity and 

for accessing available diversity (FAO, 2012). The goal of characterizing livestock genetic 

resources is to gather information on the diversity and genetic merits of the resources that 

can be used to develop conservation and genetic improvement programs (Solomon et al., 

2011). 

Characterization of animal genetic resources includes all activities associated with the 

description of animal genetic resource aimed at better knowledge of these resources and 

their state. Characterization by a country of its animal genetic resource will incorporate 

development of necessary descriptors for use, identification of the country sovereign animal 

genetic resources, baseline and advanced surveying of these population including their 

enumeration and visual description, their comparative genetic description in one or more 

production environment, their valuation, and continual monitoring of the status of those 

animal genetic resources at risk (FAO, 2000).  

Farm animal genetic resources (FAGR) have values and roles as source of food, energy, 

fuel and fertilizer, social and cultural assets, income, and in risk management. Animal 

genetic diversity allows farmers to select or develop new breeds in response to 

environmental changes, threats of disease, new knowledge of human nutrition 

requirements, changing market conditions and societal needs, all of which are largely 

unpredictable. What is predictable is the future human demand for food (FAO, 2000). 

2.4.1. Phenotypic Characterization of Farm animals 

Phenotypic characterization of AnGR is the process of identifying distinct breed 

populations and describing their external and production characteristics in a given 

environment and under given management, taking into account the social and economic 

factors that affect them.  
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The information provided by characterization studies is essential for planning the 

management of AnGR at local, national, regional and global levels (FAO, 2012). Recording 

the geographical distribution of breed populations is considered to be an integral part of 

phenotypic characterization (FAO, 2015).  

Characterization of AnGR encompasses abroad range of exploratory research out comes on 

description of the origin, development, population size, structure, distribution, typical 

features and phenotypic performance of these resources in defined management and 

climatic environments.  

Animal performance is explained in terms of production of specific out puts, reproduction, 

adaptation and these values may be related to genotype of animal populations in the form of 

estimated genetic parameters. Characterization also includes displaying of the typical 

images of representative mature females, males as well as those of average herds (Workneh 

et al., 2004). As it is stated in FAO (2012) characterization of animal genetic resources for 

food and agriculture (AnGR) involves three types of information: phenotypic, genetic and 

historical. The weight given to each depends on the countries (whether it is developed or 

developing) and the objectives (improvement, conservation or breed differentiation). 

Phenotypic characterization is undertaken as a measure of genetic diversity between 

distinctly defined breeds or animal populations to understand the extent, distribution, basic 

characteristics, comparative performance, utility value and current status of the animal 

genetic resources. The essential activities include identification and inventory of the 

different breeds and a detailed description of their natural and adapted habitat where the 

breeds are known to exist. Such baseline information is essential to establish country, 

regional and global priorities for the management of animal genetic resources (FAO, 2010). 

Undoubtedly information on the extent of existing genetic diversity characteristics and use 

of indigenous farm animal genetic resources, particularly in developing countries is the 

basis for their present as well as future sustainable utilization (Workneh et al., 2004). 

Cattle breeds subjected to phenotypic characterization studies in recent years include: 

Begaria in northwestern Ethiopia (EBI, unpublished data); Gamo highland and Gamo 

lowland in south Ethiopia (Chencha et al.,2013); 
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 Gojjam Highland zebu and Fogera breeds in the central highlands (Fasil, 2006); Kereyu in 

Central Ethiopia (Shiferaw and Workneh, 2006); Wollo Highland, Raya Sanga and Afar 

Sanga in the northeast (Dereje, 2005); Abergalle, Irob and Medenes cattle breeds in the 

north (Zerabruk and Vangen, 2005; Zerabruk and Vangen,2007); Wegera, Dembia and 

Mahiberesilassie breeds in the northwest (Zewdu, 2004); and Mursi cattle in south Ethiopia 

(Endashaw,2010). 

2.4.2. Molecular Characterization of Farm animals 

Genetic characterization involves the description of breeds in terms of the relative allelic 

frequencies, degree of polymorphism using a set of neutral reference markers and 

classifying livestock breeds using genetic distances between breeds (FAO, 2007). Genetic 

characterization tools included biochemical (protein) polymorphisms and polymorphisms. 

However, biochemical markers lack the power to resolve differences between closely 

related populations because of low polymorphism.  

Recent advances in the field of genomic technology have constituted a major innovation in 

livestock production. The increasing availability of molecular tools had deeply affected the 

studies of livestock species are their management (FAO, 2015). Molecular characterization 

or genetic characterization therefore, can be defined as the complementary procedures used 

to unravel the genetic basis of phenotypes, their patterns of inheritance from one generation 

to the next, within-breed genetic structure and levels of variability, and relationships 

between breeds (FAO, 2015). The first state of the World‟s Animal Genetic Resources for 

Food and Agriculture (first SowAnGR) (FAO, 2007c) noted that the main rates of 

molecular technologies in the characterization of Animal Genetic Resources include: 

o Assessing functional and neutral genetic variability within and between populations, 

including investigation of their history (domestication, expansion or reduction of the 

population size, migrations, introgression episodes, etc); 

o  Assessing the current state of a population in terms of risks related to inbreeding and 

genetic drift, using estimators such as effective population size; and 

o  Genetic characterization of traits (e.g. physical appearance, productivity, disease resistance 

and other adaptability traits) specific to given populations. 
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FAO,(2012) reports highlighted the following three (3) ongoing developments in molecular 

biology as being particularly relevant to Animal Genetic Resources Management:The 

establishment of whole genome sequences for various livestock species, the development of 

technologies for measuring polymorphisms at loci spread across the entire genome,and the 

development of technologies for measuring gene transcription and expression on a large 

scale.  

Since the first state of the World‟s Animal Genetic Resources for food and Agriculture was 

prepared, the list of species whose genomes have been sequenced has continued to grow 

(FAO, 2015). Genomes can be sequenced for less than US$3,000 each with moderate 

coverage “eight-fold” ( coveragemeaning that, on average, each position in the genome is 

sequenced eight times). Sequencing smaller fraction of genomes (restriction site associated 

DNA sequencing –RAD-sequence) can be used directly in the characterization of 

individual animals (this is termed “genotyping by sequencing”) (De Donato et al., 2013). 

Similarly, the development of tools capable of assaying a high density of transcripts and 

even direct transcriptome sequencing (also known as “RNA-seq” – short of RNA 

sequencing), has increased the capacity to study gene expression and hence unravel the 

complex physiological regulation of target traits (D‟ Alessandro and Zola, 2012). 

The guidelines on Molecular characterization (FAO, 2015) include a short overview of 

progress in molecular characterization of Animal Genetic resources over the preceding two 

decades and prospect for the future. FAO, (2015) guidelines also provide practical advice 

for researchers wishing to undertake a molecular characterization study. The guideline 

emphasize the importance of obtaining highquality and representative biological samples 

that yield standardized data that can be integrated into analyses on an international scale. 

With respect to biological samples, the guide-lines suggest the collection of samples from 

at least 40 animals from across the geographic range of the breed. Blood has traditionally 

been the most frequently sampled material, but tissue and hair are gaining 

particulary.However, it should be emphasized that microsatellites are more useful for 

measuring short range diversity.  
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For a thorough diversity assessment, in addition to marker types, molecular characterization 

need to take into consideration the number of markers required and their diversity scope. In 

Ethiopia, only limited activities on genetic characterization have been conducted on some 

breeds of cattle, goats and chicken and the information available is scanty.  

2.5. Attributes of Indigenous Cattle Genetic Resource in Ethiopia 

The indigenous cattle breeds in Ethiopia are adapted to local environment and provide 

subsistent product. They possess unique adaptive trait that enable them to survive, produce 

and reproduce in a very challenging environment. Because of long period natural selection 

and adaptation to the environment they have developed such unique combination of 

survival traits to best respond to the local environmental stresses (Kassahun, 2004). These 

adaptive traits includes tolerance resistance to various diseases and parasite; tolerance to 

fluctuations in quantity and quality of feed resources and water supply; tolerance to 

extreme temperature and humidity; adaptation to low capacity management condition; and 

ability to survive, produce, and reproduce (Kassahun, 2004) in these situations. 

 Indigenous cattle breeds have unique capability to endure, produce and reproduce in the 

dry and hot climate due to their special foraging ability and utilization of poor nutrition 

quality feeds during the long dry periods (Zerabruk and Vangen, 2005; Shiferaw, 2006; 

FAO, 2007a). 

The major purpose of indigenous cattle is for drought power, milk production, meat, hide, 

manure, cash income, and ritual purpose. They produce considerable amount of milk and 

meat with low input and withstanding the harsh climatic factors (Kassahun, 2004). In crop 

livestock mixed production system cattle provide drought power, manure for crop- land 

fertilization besides the milk production (Agajie et al.,2002). The best contribution of 

indigenous cattle genetic resource is better producing through withstanding locally 

prevalent disease and parasitic load. Some cattle breeds in sub-Saharan Africa survive and 

provide milk and draught power in tsetse infested area, where trypanosomosis is a major 

production problem.  
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Review work has indicated that humpless shorthorn cattle in West Africa are 

trypanotolerant breed and provide major attribute in the region as food source and 

agriculture (Aboagye et al., 1994; Rege et al., 1994). Similarly, the indigenous Sheko cattle 

breed in Ethiopia has survived, producing and reproducing in area where trypanosome is a 

great challenge (Takele, 2005;Lemecha et al., 2006). 

2.6. Performance of Cattle Breeds in Ethiopia 

Generally, the indigenous cattle breeds are characterized by their low productive and 

reproductive performance compared to European breeds (Mukasa-Mugerwa, 1989). These 

include longer age at first calving, shorter lactation length, and longer calving interval 

under traditional low input management. However, the low performance of indigenous 

cattle breed is compensated by good adaptability and survival trait of the local prevailing 

environmental conditions (Getinet and Adebabay, 2015). The average lactation milk 

production for the indigenous cows ranges from 494–850 kg under optimum management 

(Belete et al.,2010).The average lactation period per cow during the reference period at 

country level is estimated to be about six (6) months, and average milk yield per cow per 

day is about 1.35 liters (CSA, 2015).Even under better on station management situation, the 

average milk yield obtained did not exceed 591.5 kg per cow in a the lactation length of 

about 238 days . 

2.7. Reproductive performance of indigenous cattle breeds of Ethiopia 

The reproductive performance of the breeding female is probably the single most important 

factor that is a prerequisite for sustainable dairy production system and influencing the 

productivity cited in Niraj et al. (2014). The main indicators that would be considered in 

assessing reproductive performance are age at puberty, age at first calving, calving interval, 

days open and number of services per conception (Aynalem et al., 2011; Demissu et al., 

2013). 
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2.7.1. Age at First Service  

Age at first service (AFS) is the age at which heifers attain body condition and sexual 

maturity for accepting service for the first time (Gidey, 2001). According to Assefa et al. 

(2015) the average age at first service was 40.74 months for heifers of indigenous breed and 

the average effective age service of local bull is 44.4 months in sidama zone. On the other 

hand, the average age of first service for Holestain Friesian cross zebu cattle breed in 

Northern Amhara was 24.8±6.6 (Alemselam et al.,2015). The age at first calving is lower 

in exotic and cross breed than indigenous breeds. 

2.7.2. Number of Services per Conception for Cattle In Ethiopia 

Number of service per conception is the number of services/inseminations required for a 

successful conception (Menale et al.,2011). It depends largely on the breeding system used 

and influenced by both genetic and non-genetic factors like season (which related with 

availability of feed), semen quality and quantity and parity (Gebrekidan et al.,2012). 

2.7.3.  Age at First Calving  

The Age at first calving is the age of an individual when first give birth new born in life. 

First calving marks the beginning of a cow’s productive life and influences both the 

productive and reproductive life of the female, directly through its effect on her lifetime 

calf crop and milk production and indirectly through its influence on the cost invested for 

upbringing (Azage et al.,2011 and Tewodros, 2008). A recent study reported that dietary 

supplementation of heifers during their period of growth reduces the interval from birth to 

age at first service and birth to age at first calving(Amin et al., 2013) 

2.7.4. Calving Interval  

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

of a day’s open and gestation length. Since gestation length is more or less constant for a 

given breed, the number of days open becomes the sole variable of calving interval. It is 

very much important to the breeders because the lowest the calving interval the highest the 

lifetime calf production.  
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Genetic factors, year and season of calving, nutrition and age of cow are known to have 

significant effects on calving interval (Assemu, 2015). In an optimum combination of good 

management and sound physiological condition of the cow the reasonable short calving 

interval is 12-13months.The average calving interval for Holestain Friesian cross zebu 

breed in and around Mekele was 401.5±73 days(Alemselam et al., 2015). 

2.8.Cattle breeding practices and selection criteria 

The breeding objective in any livestock species is to increase profit by improving 

production efficiency (Charfeddine,2000). According to Mulugeta (2015) the most common 

breeding system was natural purebreeding using natural bulls. 

 Most farmers were forced to allow their heifers/cows to natural uncontrolled mating 

because of restricted land sizes and the lack of enough resources to demarcate the grazing 

grounds to facilitate separation of male and female animals. Natural mating was done in 

two ways viz. uncontrolled mating and controlled/group mating. In the former system heat 

detection is carried out by the bull and mating is made at the field; however in the later heat 

detection is made by cow owners and mating is done separately by the selected bull and 

group mating by letting the cow to join the herd of selected bull (Assefa et al., 2015). 

 

In most of the countries in the tropics, both AI and natural service are practiced as methods 

of breeding. Access to AI services within a country depends heavily on geographical 

location, being more widely available near cities or ‘milk pockets’ and being less available 

in areas with low farm density. When selection of a stud bull is possible, it’s mostly by 

phenotypic selection on the performance of the bull. When pedigree is accounted for, the 

bull’s dam is given more consideration than the sire. However, from the point of view of 

the farmer, the convenience in the availability of the bull or AI service is usually more 

important than the genetic makeup of the animal. This is a logical decision, especially in the 

short term, as increased calving intervals are associated with decreased income through 

longer dry periods and fewer calves over a lifetime (Bebe et al., 2003).  
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The replacement females for the cattle herd are usually from the heifers bred within the 

same herd regardless of the size of the farm, but this rule is especially true for small 

holders. The bases of selection of breeding animals were based on quantitative and 

qualitative traits. Much emphasis was put on breeding potential, milk production, body size 

and physical appearance for selecting breeding animals.Large animals were preferred as 

they provid better draft power and higher milk yields, fetched better market prices, had 

better growth rates and reached market weights sooner. Physical appearance and coat color 

were valued but this could be due to more aesthetic reasons than economic considerations 

(Mulugeta, 2015). 

2.9. Characterization of Cattle Fattening System in Ethiopia 

Characterization includes the systematic documentation of the information collected so as 

to allow easy access. Characterization activities should contribute to objective and reliable 

prediction of animal performance in defined environments, so as to allow a comparison of 

potential performance within the various major production systems found in a country or 

region. It is, therefore, more than the mere accumulation of existing reports (FAO, 2007).  

In Ethiopia, smallholder cattle fattening is emerging as an important source of income. In 

rural areas,cattle fattening is based on locally available feed resources(Takele and 

Habtamu,2009). There are different cattle fattening systems in Ethiopia. According to 

MOA (1996) report, in Ethiopia there are three different types of cattle fattening systems. 

Those are traditional, by product based fatting and Hararghe fattening system. 

2.9.1. Traditional  Fattening systems 

In traditional cattle fatting systems, oxen are usually sold after the end of plowing season 

when they are in poor body condition. Meat yields obtained from this type of oxen are low, 

the beef is poor meat quality and the farmer returns are often inadequate to buy a 

replacement ox in this type of production system. This is an obvious scope to improve this 

traditional and inefficient system through strategic feeding of a good quality forages to 

fatten animals before they are sold, or to buy and fatten animals sold by others (MoA, 

2004). 
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2.9.2. By-product-Based fattening 

This is a type of fattening practices around urban and per-urban areas in which the agro 

industrial by-products such as molasses, cereal milling by-products and oilseed meals are 

the main sources of feed for fattening. In this system grazing land is completely unavailable 

and crop-residues are only significant roughage source for beef cattle. Commercial feedlot 

is a confined yard area with watering and feeding facilities where livestock are completely 

handled or mechanically fed for the purpose of production. This type of production system 

gets their feed from agro-industrial by-products from urban areas. Number of heads that 

would fatten at a cycle are variable across the farms depending on the capacity of the farms. 

From that reason, commercial feedlots finished relatively large number of animals at a time 

than small scale fattening (Tsegay and Mengistu , 2013).  

2.9.3. The Hararghe fattening system 

This system is largely based on cut-and-carry (zero grazing) feeding of individually 

tethered animals in which free grazing is rare. Few concentrate are used to increase meat 

production.Intensive feeding of the available feed supply to young oxen they are using for 

draught power could best describe this fattening practice. The feed types for this are 

entirely obtained from crop production especially from maize and sorghum. Free grazing 

and herded grazing were higher in dry than wet season, on the contrary tethered grazing 

was practiced at higher rate in wet season than dry season because most of the land were 

free from crop production in dry season than wet season; this way the farmers protect their 

cattle from destructing other farmers cropland. The major reason for tethered feeding 

practiced in the area to a large extent was due to small land holding of the household. The 

predominant animal feed in dry season was Stover and crop residues followed by natural 

grazing. Cut and carry system was practiced for feeding of the grass, residue, Stover and/or 

weed (Estefanos , 2014). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Jarso and Goro Gutu districts of East Hararghe zone and Tullo 

and Oda Bultum districts of West Hararghe zone of Oromia National Regional State, 

Ethiopia. 

3.1.1. Jarso District 

Jarso is one of the districts in the Oromia Region of Ethiopia located in East Hararghe 

Zone. Jarso is bordered on the south by the Harari Region, on the west by Kombolcha, on 

the north by the city of Dire Dawa, on the east by the Somali Region, and on the southeast 

by Gursum. The administrative center of this district is Ejersa Goro. Jarso district is located 

in east Hararghe zone having 9°7΄60΄΄N latitude 37˚28΄0΄΄E longitude and an area of 

504.54 km2. The altitude of the district ranges 1500 to 3060 meter above sea level. Average 

rain fall 400-900mm.Human populations in the area were 73,731 female and male  70,839 

with total of 156,570.Livestock populations in the area were cattle 76873,goat 74006,sheep 

43682,donkey14873, horses 28, camel 3343 and chicken 79256.Crop-livestock mixed 

production system is  the main livelihood farming systems in the area (EHZLFDO, 2018). 

3.1.2. Goro Gutu District 

Goro Gutu is found in East Hararghe administrative zone of Oromia National Regional 

State (ONRS). The study district shared boarders with Meta district in East, Deder district 

in South, Somali National Regional state in  north and west and west Hararghe in the west. 

Karamile, the administrative and commercial centre of the district, is located 408 km East 

of Addis Ababa and 117 km West from Harar. The study district has a total land area of 

536.88 km2. The altitude of the study district ranges 1250-2575 m a.s.l. The average annual 

rain fall is estimated to be 850 mm (ranges 700-1000 mm) and the average temperature is 

29°C (ranges 26-32°C). The study district lies between 41°10 E 9°20 N latitude and 

41.167°E 9.333°N longitude. Agro-ecologically, Goro gutu district is classified as 23% 

Dega (highland), 28% Weina Dega (midland) and 49% Kola (lowland).  
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Livestock populations in the area were cattle 87,650,sheep 17,000,goat 88,000,horse 44, 

camel 330 and chicken 43,000 (EHZLFDO, 2018). 

3.1.3. Tullo District 

Tullo is one of the districts found in Western Hararghe which is located in the Eastern part 

of Ethiopia at 370 km from Addis Ababa. Tullo is bordered on to the north by Doba, to the 

south by Mesela, to the east by the East Hararghe Zone, and to the west by Chiro. Towns in 

Tullo include Debeso and Hirna.  The mean elevation of the study area is from 1600 to 

2400 meters above sea level with the mean maximum and minimum temperature of 32°C 

and 17°C, respectively. The area is located at an altitude of 41°6 E longitudes 9° 13 N 

latitude. The area receives an average 600-900 mm of rainfall annually. The total human 

populations in the area were 147384.The livestock populations in the area were cattle 

131,643, sheep 34,504, goats 77414,poultry 212,441   and donkeys 6,679  (WHZLFDO, 

2018).The production system is mixed type in which extensive husbandry management of 

livestock have been practiced (Tulu and Lelisa, 2016). 

3.1.4. Oda Bultum District 

Oda Bultum district is located in eastern high lands of Oromiya regional state in west 

Hararghe Zonal Administration. Bedessa town serves as the main administrative center of 

Oda Bultum district. It is situated 364 km East of Addis Ababa and 38 km from Zonal city, 

Chiro. The study area is located at an altitude between 1200m-2400m with an average 

altitude of 1780m. The temperature of the area varies between 22°C -28°C with average of 

25°C and the annual average rain fall is around 1200mm. The area has a subtropical 

(Weynadega), tropical (kola) and temperate (dega) type of climate division and accounting 

for 31%, 65% and 4% respectively. The human populations of the area were male 102625 

and female 98210 with a total of 200835.The livestock population of the district were 

estimated at 96,491 cattle, 12,020 sheep, 42,132 goats, 16,710 donkeys, 163 mules, 54,416 

poultry, 7,012 camels and 10,942 bee hive colonies (WHZLFDO, 2018). 
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 Oda bultum district 

 

Figure 1: Map of the Study Area 

3.2. Site Selection and Sampling Techniques 

Before deciding on the survey areas, discussions were held with the district experts of the 

rural and agricultural development office and the farmers’ representatives about the local 

cattle of the area and also about the current production systems and area dominated by pure 

Harar cattle breed in the study area. After discussion four districts (two each from East and 

West Hararghe) were selected based on Harar cattle ownership, distribution of Harar cattle 

population, and mobility of these cattle. Accordingly three kebeles from each district were 

selected purposively for the study based on availability of cattle population. Then twenty 

five households were selected from each kebele based on the distribution of the cattle 

through discussion with key informants in the village and secondary information in order to 

get a greater insight into the topics covered during the structured interviews and to check 

whether patterns that are found in the household was validated by the focus group. 
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3.3. Data Collection Methods 

Data was collected by administrating a semi-structured questionnaire, individual interview 

employing field measurement and observations, organizing group discussions and from 

secondary sources. Moreover, linear measurements were conducted. 

3.3.1. Survey 

3.3.1.1. Questionnaire and Group Discussion 

A modified questionnaire was prepared by adopting a questionnaire prepared by ILRI 

(International Livestock Research Institute) for survey of livestock breeds. It is used to 

collect information on general socio-economic household characteristics, herd structure, 

breeding management, feeds and feeding management, diseases prevalence and production 

constraints.The questionnaires were pre-tested before administration and some re 

arrangements, reframing and correcting in accordance with respondent perception was 

done. The questionnaire was administered to the randomly selected household heads or 

representatives by a team of enumerators recruited and trained for the purpose with close 

supervision by the researcher.  

To substantiate the information obtained from the formal interview, local agricultural 

development agents; local leaders and cattle owners were also interviewed informally to 

incorporate local knowledge about cattle breeds. Sets of open-ended questions were used to 

guide focus group discussions with key informants, local agricultural extension staffs and 

knowledgeable elders. The discussions were covered origin and evolution of cattle in the 

area; types of breed used for fattening, special attributes of Harar cattle and trait 

preferences. A semi structured questionnaire was also administered on Harar cattle owning 

farmers in three kebeles identified by the focus group discussions to collect data on cattle 

husbandry practices and desirable and undesirable traits of Harar cattle and questionnaire 

interviews was developed to discover feeding system, frequency of fattening per year, 

housing and other major husbandry practices, constraint of cattle fattening practices and 

marketing system of live fattened cattle. Also it  include fattening practice, sources and  

preferred cattle for fattening, feed and feeding, health management. 
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Focus group discussions were held with elderly farmers, village leaders and socially 

respected farmers who are known to have better knowledge on the present and past social 

and economic status of the study areas, to substantiate the information collected through 

individual farmer interview. Through group discussions information on the fattening cattle 

practice , current status and major constraints of the breed, trait preferences of the farmers, 

indigenous knowledge on management of breeding, major constraints and alternative 

approach to tackle these problems were collected. Besides, secondary data on human and 

livestock population, agro-ecology, and land use pattern, topography, soil type, and climate 

was gathered from Zonal and district Agriculture and Rural Development offices. 

3.3.2. Morphological and linear body measurements 

Quantitative (body measurements) and qualitative (morphological characters) data were 

collected and recorded on the format adopted from the standard description list developed 

by FAO (2012).The standard breed descriptor list for the cattle developed by FAO (2012) 

was closely followed in selecting morphological variables. Quantitative traits including 

body length, height at withers, Heart (chest) girth, Horn length, Ear length, Tail length, 

pelvic width, horn length, hock circumference and muzzle circumference were measured 

using measuring tape.  

The age of the animals was estimated by dentitions and information from cattle owners. 

Animals with three and above permanent pair of incisor were selected for linear 

measurements. Qualitative and quantitative characters were recorded for each animal 

sampled as per the breed descriptor list  of FAO (2012) presented in Table 2. Qualitative 

and quantitative traits (Table 3) were recorded on 84 matured males and 408 breeding 

females in the sample households owning cattle from the four districts.The sample size 

were fixed according to FAO (2012) guideline that suggest a sample size of about 10-30 

males and 100-300 females. Physical measurements were taken only from unrelated 

matured animals. 
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Table 2: The standard breed descriptor list for qualitative traits of  cattle developed by FAO 

(2012) 

 Type of Character  Description 

S. No Qualitative traits Character states 

1 Body hair coat color pattern  Plain, patchy, spotted 

2 Body hair coat color Black, dark red, light red, fawn, grey 

3 Body skin colour: Pigmented, not pigmented 

4 Muzzle colour Pigmented, not pigmented 

5 Eyelid colour Pigmented, not pigmented 

6 Hoof colour Pigmented, not pigmented 

7 Horn presence Absent, present 

8 Horn colour Black, brown, white 

9 Horn presence (at herd level; separately for 

males and females) 

Percent of polled animals, percent of 

horned animals 

10 Horn attachment (at herd level;separately 

for males and females) 

percent of loose horns, percent of fixed 

horns 

11 Horn shape  Straight, curved, lyre-shape, loose, stumps, 

polled 

12 Horn orientation (at herd level, separately 

for males and females) 

Tips pointing laterally, upward, downward, 

forward, backward (indicate also if animal 

is polled, or horns are loose or just stumps) 

13 Hair length Medium (1– 2 mm), long (>2 mm) 

14 Ear shape Rounded; straight-edged 

15 Ear orientation Erect, lateral, drooping 

16 Hump size Absent, small, medium, large 

17 Navel flap (for cows) Absent, small, medium, large. 

18 Preputial sheath (for bulls) Absent, small, medium, large 

19 Facial (head) profile Straight, concave, convex ultra-convex 

20 Tail length Short (above the hocks), medium (about 

the hocks), long (below the hocks) 
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Table 3: The standard breed descriptor for quantitative traits of cattle developed by FAO 

(2012) 

S. No Quantitative 

traits 

 Definitions 

1 Ear length  Length (cm) of external part of ear from its root to the tip 

2 Body length  Horizontal length (cm) from the point of shoulder to the pin 

bone 

3 Chest girth  The distance around the animal (in cm) measured directly 

behind the front leg 

4 Horn length  Distance from the base of the tip of the horn to the tip of 

horn 

5 Tail length  Distance from the base of the tip of the tail on the outer side 

of the tail 

6 Muzzle 

circumference  

The circumference (in centimeter) of the mouth immediately 

 behind the muzzle 

7 Rump height  The (vertical) height (in centimeter) from the bottom of the 

front foot to the highest point of the rump. 

8 Height at withers  The height (in centimeter) from the bottom of the front foot 

to the highest point of the shoulder between the withers 

9 Hock 

circumference  

Measured as the circumference of the hock bone 

10 Pelvic width  The horizontal distance (in centimeter) between the extreme 

lateral points of the hook bone (tuber coxae) of the pelvis 

11 Cannon bone  Cannon bone circumference the circumference (in 

centimeter) of the cannon bone of the foreleg of the animal 
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3.4. Statistical Analysis 

3.4.1. Analysis of Survey data 

 The qualitative phenotypic data and survey data were analyzed using statistical Package 

for the Social Sciences(SPSS for windows, release 25.0, 2018).Descriptive statistics and 

multivariate analysis were carried out. Mean comparisons were made for variables showing 

significant differences between sample populations using Fisher’s LSD. The effect of 

districts and sex on linear body size measurements were analyzed using the following linear 

model. 

Yijk =μ+ Di +Sj +eijk 

Where: Yijk=kth observation due to ith location and jth sex 

μ= overall mean 

Di= effects of ith districts (location) (i; 1=Jarso, 2= Goro Gutu, 3=Tullo, 4= Oda 

Bultum) 

Sj=effects of jth sex (j; 1=male, 2=female) 

eijk=  Residual random effect 

3.4.2. Multivariate analysis 

The quantitative variables from female and male animals were separately subjected to 

discriminant analysis (PROC DISCRIM of SAS 9.1, version 2008) and canonical 

discriminant analysis (SAS 9.1, version, 2008) to ascertain the existence of population level 

phenotypic differences in the study areas. The analysis was performed taking individual 

animals as a unit of classification. The step wise discriminant analysis procedure (PROC 

STEP DISC SAS version 9.1, 2008) was run to rank the variables by their discriminating 

power. 
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3.5. Ranking Index on Frequency Response of Variables 

Index of responses of  sampled population was calculated as [(n) x number of response 

ranked first +(n-1) x number of response ranked second+ (n-2) x number of response 

ranked third + … +(1) x number of response ranked n],given to individual response for a 

variables divided by the sum of [n x number of households ranked first + (n-1) x number of 

households ranked second + (n-2) x number of households ranked third + … +(1)x number 

of response of ranked n) for overall responses of individuals to a given variable response .n 

is equals to the level of rank from which a variable  response of individuals ranked for 

(Habtamu, 2017). 

3.6. Effective Population Size and Inbreeding Coefficient 

The effective population size and inbreeding coefficient were calculated on the bases of 

individual household herd size and combining all the herds of the community. There are 

chances of mixing up of the communities’ herds on the communal grazing land and there 

might be a probability of mating among the herds. The effective population size(Ne) for a 

randomly mated population was calculated as Ne= (4NmNf/Nm + Nf); where, Ne=effective 

population size, Nm= number of breeding males and Nf= number of breeding females. The 

inbreeding coefficient (ΔF) was calculated as ΔF=1/2 Ne (Falconer and Mackay, 1996).  
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4. RESULTS AND DISCUSSION 

4.1. Socio-economic Characteristics of Households 

The household characteristics of the study areas are summarized in Table 4.The overall 

mean family size per household was 7.57±0.15 persons and there was no significant 

difference among the districts. The overall mean male and female members of family size 

were 3.77±0.16 and 3.81±0.10 persons per family, respectively. 

The overall mean family size in the present study was higher than the average family size 

of 5.5 reported for Oromia Regional State in 2013 CSA (2013) and also it was higher than 

mean family size of 6.5±2.44 reported by Dereje (2016) at Babile district of eastern 

Hararge zone and 6.74±0.32 heads/household reported by Andualem et al.(2015) in Essera 

district, Dawuro Zone, Southern Ethiopia.The family size in the current study were also 

higher than the result of 7.00±0.77 reported in Arsi Robe and Deksis districts (Chali,2014),

7.11±2.9 person per household of Bako Tibe and Gobu Sayo districts of East Wollega zone 

(Dereje,2015) and 6.59±0.41 persons in Salamago district (Endashaw, 2010).However,this 

funding was slightly closer to 7.4 ± 1.9 person per household in Benishangul-Gumuz 

(Habtamu, 2017). Large family size in the society has benefit on the contribution of labor 

input to share the household activities mainly on the raising of livestock. The overall mean 

age of the respondent was 42.72±0.48 years which was closer to 42.60±9.66 reported by 

Dereje (2016) and 42.0±0.7 by Habtamu (2017). Mean age of the respondent showed 

significant difference among the districts (P<0.05) where Oda-bultum district recorded 

greater age than Goro-Gutu and Tullo districts.  

Table 4: Household characteristics and average age of the respondent in the study area 

Parameters Jarso  

(N=75) 

 Mean ± SE 

Goro Gutu 

(N=75) 

Mean ± SE 

Tullo  

(N=75)  

Mean ± SE 

Oda Bultum 

(N=75) 

Mean ± SE 

Overall 

(N=300) 

Mean ± SE 

p-value 

Age(years) 43.07
ba

±0.76 41.93
b
±0.83 41.17

 b
 ±0.87 44.71

a
 ±1.19 42.72±0.48 0.05 

NMFS 3.75±0.15 3.80±0.21 3.71±0.16 3.87±0.16 3.77±0.08 Ns 

NFFS 3.95±0.21 3.45±0.15 3.72±0.20 4.11±0.20 3.81±0.10 Ns 

TFS 7.69±0.30 7.16±0.26 7.49±0.33 7.97±0.31 7.57±0.15 Ns 

MMFS=Number of male family size, NFFS=Number of female family size, TFS=Total 

family size, Ns=non-significant 
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4.2. Religious, education level, marital status and sex of the respondents 

Religion, marital status, education level and sex of the respondents for all districts are 

presented in Table 5. From the total interviewed households about 91% of the households 

were Muslims and the rest 9% were Orthodox Christians. In the study area the majority (90 

percent households) were married while the remaining 9% and 1% households were 

widowed and divorced respectively. The overall education status of the respondents in the 

present study was 51% illiterate, 18.7% can read and write 16.7% got elementary school, 

9.7% religious school and 4% households were those who attained secondary school.  

The current findings were in agreement with Dereje (2016) who reported 55.6 percent of 

illiterate at Babile district of eastern Hararghe zone, Oromia Regional State and Sisay 

(2015) in Harshin District of Somali Regional State, Ethiopia. Comparing the education 

level of the household heads in different areas, the proportion of illiterate were higher in 

Goro Gutu (56%) followed by Jarso (52%),Tullo (49.3%) and Oda Bultum (46.7%). This 

shows that farmers’ necessity to obtain basic education for adopting new technologies. 

Education is important factor,and if lacking it can negatively influence the future of 

enhanced cattle production Andualem et al. (2015).Farmers with high education levels 

adopt usually new technologies more rapidly than less educated farmers (Ofuoku et al., 

2009). Out of the total household sampled, the majority (92.3%) were male headed while 

the remaining (7.7%) were female headed households. 

Table 5: Religious, marital status, education level and sex of the respondents 
Variable  Jarso  Gorogutu  Tullo  Odabultum  Over all 

 Freq % Freq % Freq % Freq % Freq % 

Religion of the respondent 

Muslim 73 97.3 70 93.3 67 89.3 63 84 273 91 

Orthodox 2 2.7 5 6.7 8 10.7 12 16 27 9 

Total  75 100 75 100 75 100 75 100 300 100 

Marital status of the respondent 

Single 0 0 0 0 0 0 0 0 0 0 

Married 65 86.7 67 89.3 65 86.7 73 97.3 270 90 

Widowed 10 13.3 8 10.7 7 9.3 2 2.7 27 9 

Divorced - - - - 3 4 - - 3 1 

Total  75 100 75 100 75 100 75 100 300 100 
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Table 5: (Continued) 

Variable  Jarso  Gorogutu  Tullo  Odabultum  Over all 

 Freq % Freq % Freq % Freq % Freq % 

Education level of the respondent 

Illiterate  39 52 42 56 37 49.3 35 46.7 153 51 

Reading and 

Writing 

13 17.3 15 20 10 13.3 18 24 56 18.7 

Elementary 

school(1-8) 

9 12 11 14.7 16 21.3 14 18.7 50 16.7 

Religious 

school 

11 14.7 4 5.3 8 10.7 6 8 29 9.7 

Secondary 

school 

3 4 3 4 4 5.3 2 2.7 12 4 

Sex of the respondent 

Male 66 88 70 93.3 68 90.7 73 97.3 277 92.3 

Female 9 12 5 6.7 7 9.3 2 2.7 23 7.7 

Freq=frequency 

4. 3.Sources of household income 

The main sources of the interviewed household in the study area are given in Figure 2.The 

current study showed that the major household activity in the study districts depend on both 

livestock and crop production. Crop-livestock productions are the main source of income 

contributing on average about 86.7 % of the household income in all the districts.This is 

due to interlinkage of both  crop and livestock production for the community . 

Livestock production alone is the second important source of income in all districts which 

was about 10%. Sole crop production was the least important which accounted for 3.3%. 

The current finding was in agreement with Dereje (2016) who reported that about 72.2% 

households income to be generated from both crop and livestock in Babile district. Daniel 

et al. (2017) and Mohammed et al. (2016) also reported that about 96.3% and 84.07% of 

the households income come from crop and livestock production in west Hararghe and 

Jimma zones respectively. Estefanos et al. (2014) also reported that the major income 

sources of respondents were crop and livestock production (51.7%), crop production, 

livestock production and small business 24 (20%), crop production 33 (27.5%) and only 

livestock production 1 (0.8%) in the high land of hararghe. 
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Figure 2: Source of household income in the study areas 

4. 4.Livestock Species Compositions 

The livestock species composition of the sampled households is presented in table 6. The 

most essential livestock species in the study area was cattle followed by goats, sheep, 

donkey and chicken. In the study sites high number of cattle was observed in Oda Bultum 

district this was due the presence of available grazing land for cattle than Tullo and Jarso 

districts.Whereas the lowest number of cattle was observed in Jarso district and Tullo 

district. The overall mean of cattle holding per household in the study area was 6.02 herds 

which was lower than the report of Habtamu ( 2017) 7.8 herd per household in Benishangul 

gumuz, Andualem et al. (2015), 11.12±0.69 in Essera district, Dawuro Zone, Southern 

Ethiopia and  Chali (2014) reported 11.33  cattle holding per household in Arsi highlands. 
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Table 6: The average heads of livestock holdings per household in the study site  
  Districts     

 

 

Jarso 

(N=75) 

Goro-gutu 

(N=75) 

Tullo  

(N=75) 

Oda-bultum 

(N=75) 

Overall 

(N=300) 

p-value 

Species Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean± SE  

Cattle 5.05
c
 ± 0.17  6.19

ab
 ±0.22 6.11

 b
 ±0.21 6.72

 a
 ±0.23 6.02±0.11 <0.0001 

Sheep 3.44±0.19 3.56±0.14 3.39±0.14 3.28±0.15 3.42±0.08 NS 

Goat 5.31
ab

±0.18 5.52
 a

 ± 0.24 4.95
 b

 ±0.17 5.12
ab

±0.19 5.22±0.10 * 

Donkey 1.01
 a

 ±0.07 0.99
 a

 ±0.08 0.85
 ab

 ±0.08 0.69
 b

 ±0.07 0.89±0.04 * 

Chicken 6.99
 a

 ±0.32 5.75
 b

 ±0.23 7.32
 a

 ±0.33 5.85
 b

 ±0.28 6.48±0.15 <0.0001 

N=number of respondents, NS=non significant,*significant at (p<0.05),different superscript 

letters across the rows show significant differences 

4.5. Origin and Geographical distribution of the breeds 

4.5.1. Origin 

Focus group discussion with elders revealed that local Harar cattle has been kept for 

centuries by their ancestors  and transmitted to the current generation. Previous study by 

(Rege and Tahah, 1999) indicated that the majority of Ethiopian cattle including Harar 

cattle belong to the East African zebu. This cattle are categorized under the breed group of 

Small East African Zebu and subgroup of Abyssinian Short horned Zebu (DAGRIS, 2007). 

 The Small East African Zebu breeds are believed to have descended from the recent 

introductions of zebu into Africa from Asia, and some may have ancestral linkages with 

cattle of the Large East African Zebu group. The breeds or strains that belong to the 

Abyssinian Short horned Zebu group have tribal and ecological origins, which do not 

necessarily imply genetic differences (Rege and Tawah, 1999). From literature point of 

view (Rege and Tawah, 1999;DARGRIS,2007) indicated that Harar cattle have relatively 

smaller body size compared to the other Abyssinian subgroup; horns are mainly short and 

thick, usually curved either manually through training or natural; hump is prominent and 

well-developed; coat color is black, roan and red . 
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4.5.2. Geographical distribution of the breed 

The Harar cattle get its name from Hararghe people who keep the breed in highlands of 

eastern and western hararghe zone of Oromia, which is the major natural breeding tract of 

the breed. During the focus group discussions it was reported that Harar cattle are found 

concentrated in all hararghe highlands districts.  

4.6. Harar cattle Population Trend 

The population trend of indigenous Harar cattle is summarized in Table 7.The majority of  

respondents reported that Harar cattle number was decreasing (66%) in its living 

environments. During focus group discussion with elders and key informants they were 

also reported that Harar cattle is decreasing in its natural habitats. The major reason for 

declining trend of cattle reported by local community was shortage of animal feed due to 

spreading out of cultivation land as a result of increasing human population and lack of 

adequate water resource for animals and disease prevalence also indicated by elders of local 

community.  

Similar results were reported by  Dereje (2015) who stated in  the population of indigenous 

Horro Cattle has follow a decreasing trend for individual famer who rear them, mainly due 

to expansion of crop land which in turn results in scarcity of grazing land which then lead 

to feed shortage. Also Chali (2014) indicated that Arsi cattle breed is in declining trend due 

to shortage of grazing land and occurrence of the disease outbreak. As a result farmers have 

the tendency to sell their cattle to reduce the problem of number of cattle they possess.  

Table 7:Cattle population trends reported by Respondents in the study area 

Population 

Trend 

Jarso 

N(%) 

Goro Gutu 

N(%) 

Oda Bultum 

N(%) 

Tullo  

N(%) 

Overall 

N(%) 

Increasing 16(21.3) 25(33.3) 14(18.7) 20(26.7) 75(25) 

Decreasing  56(74.7) 44(58.7) 48(64) 50(66.7) 198(66) 

Stable  3(4) 6(8) 13(17.3) 5(6.7) 27(9) 
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4.7. Importance of rearing cattle in the study area 

Ranking of the cattle production purposes by farmers in the study sites are presented in Table 

8. According to the report of Rewe et al. (2006) knowledge of reasons for rearing animals is 

prerequisite for deriving operational breeding goals. The survey result show that Harar cattle 

played multifunctional roles in the study area. It was reported that the farmers 

raising their animals for income generation, milk production, draught power supplementation

, meat production, social status and breeding purpose.  

Most of the farmers in the study areas were kept cattle primary for income generation by 

selling live animals, their product and by products in all districts with the overall index of 

0.48. The current findings was in consistent with the work of Musa et al.(2006) who 

reported most of Butana and Kenana cattle breeders in Sudan keep animals primary to 

generate income from the sale of milk and animals, milk for home-consumption or as 

insurance against financial problems but traction (animal for work) received a lower 

ranking.The second and third objectives of cattle keeping were for milk production and 

draught respectively as reported by the respondents in all study districts (Table 8).  

The use of male cattle for draught power supplementation in study areas were low because 

the  landscape of the study areas were  not suitable for ploughing and majority of farmers 

use bulls for fattening purpose as reported during focus group discussion with local 

communities. The present study was closely related to the work of Belay and Minale 

(2017), who  reported that livestock are kept for food, income and power purpose in Gamo 

gofa Zone. However, the present findings disagree with Tesfaye (2016) who reported the 

primary purpose of keeping cattle was for draught followed for milk and income generation 

in Lume district of East Shoa zone, Ethiopia. 
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Table 8: Importance of rearing indigenous cattle 
Districts   Purpose of cattle keeping 1st rank 2ndrank 3rd rank Index 

Jarso Income 70 5 0 0.49 

 Milk 5 60 12 0.33 

 Draught  0 6 44 0.12 

 Meat 0 4 8 0.04 

 Breeding 0 0 10 0.02 

 Social security 0 0 1 0.002 

Goro Gutu Income 50 15 5 0.41 

 Milk 7 56 5 0.31 

 Draught  10 4 40 0.17 

 Meat 3 0 16 0.06 

 Breeding 5 0 9 0.05 

 Social security 0 0 0 0 

Tullo  Income 70.2 5 5 0.51 

 Milk 3 62 3 0.30 

 Draught  0 0 38 0.08 

 Meat 0 3 14 0.04 

 Breeding 0 5 10 0.04 

 Social security 0 0 5 0.01 

Oda Bultum Income 67 15 0 0.51 

 Milk 0 54 3 0.25 

 Draught  0 6 50 0.14 

 Breeding 8 0 12 0.08 

 Meat 0 0 7 0.02 

 Social security 0 0 3 0.01 

Over all Income 259 40 10 0.48 

 Milk 15 232 23 0.30 

 Draught  10 16 172 0.13 

 Breeding 13 5 41 0.05 

 Meat 3 7 45 0.04 

 Social security 0 0 9 0.01 

4.8. Phenotypic Characterization 

4.8.1. Qualitative traits in the Female and Male Harar cattle population  

Qualitative characters of female and male Harar cattle is presented in Table 9. White grey 

,white ,red ,white and red and black were the most frequently observed coat colors in 

female cattle populations.In sampled male cattle population the dominant coat color type 

were roan (34.5 %) followed by white grey (26.2 %), red (20.2 %), white (13.1%) and 

black(6%). From the sampled female population the most commonly observed coat color 

patterns were plain (95%) and the remaining (5%) spotted.  
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Males predominantly have shade/patchy coat color pattern (61.9%) and while the rest 

(32.1%) and (6%) possess plain and spotted coat color respectively. In the study area 

majority of the sample Harar cattle population body skin coat color were not pigmented in 

the female (94.1%) and male (92.9%) cattle, while the rest were pigmented. The muzzle 

(66.3%), hoof (91.1%) and eyelid (11.6 %) for female were pigmented. For male 64.3, 94 

and 21.4% of the muzzle, hoof and eyelid color, respectively were pigmented. 

The naval flap of the female was 32.9 % small, 51% medium and 16.1 % large. The 

perpetual sheath in male sample population was 26.2% small and 67.9 % medium and 6 % 

large.In the study area among sampled cattle population the majority (93.3%) in the female 

and (100%) in the male cattle had horn, whereas 6.7% were polled in female cattle 

population. Out of horned female and horned male cattle population 33.2% were straight, 

49.8% curved, 10.1% loose, 4% stump  and 3% polled in female and 44% straight, 50%  

curved and 6% loose in male cattle population. About 34.9% of horns were tips pointing 

laterally, 28.4% upward, 6.7% down ward  while, 41.7% tips pointing laterally, 52.4% 

upward, and  6% down ward in female and male cattle populations, respectively.  

The ear shape of both male and female sample cattle were straight edged (100%). Dewlap 

size was 64.9% medium and 35.1% small for the sample female cattle whereas 70.2, 25 and 

4.8% was medium, small and large, respectively for male cattle. Facial profile of sample 

female population was 73% straight and the rest 27 % was concave, while 81% straight and 

19 % concave for the sample male population. The sample female population 59.9% had 

long tail and the remaining 33.2 % and 6.9 % had medium and short respectively. However, 

sample male population 66.7% had medium tail and 33.3 % long tail. 

 

 

 

 

 



40 

 

   
 

Table 9:Qualitative traits description for indigenous cattle in the study area 
 

Variables 

Female Male Over all 

N % N %   N % 

Coat color pattern       

Plain 384 95 27 32.1 411 84.2 

Shade/Patchy 0 0 52 61.9 52 10.7 

Spotted 20 5 5 6 25 5.1 

Coat color type       

Roan 0 0 29 34.5 29 5.9 

Red 93 23 17 20.2 110 22.5 

White 117 29 11 13.1 128 26.2 

White gray 146 36.1 22 26.2 168 34..4 

White and red 20 5 0 0 20 4.1 

Black 28 6.9 5 6 33 6.8 

Body coat color       

Pigmented 24 5.9 6 7.1 30 6.1 

Not pigmented 380 94.1 78 92.9 458 93.9 

Muzzle color       

Pigmented 268 66.3 54 64.3 322 66 

Not pigmented 136 33.7 30 35.7 166 34 

Eyelid color       

Pigmented 47 11.6 18 21.4 65 13.3 

Not pigmented 357 88.4 66 78.6 423 86.7 

Hoof color       

Pigmented 368 91.1 79 94 447 91.6 

Not pigmented 36 8.9 5 6 41 8.4 

Horn        

Absent 27 6.7 - - 27 5.5 

Present 377 93.3 84 100 461 94.5 

Horn shape       

Straight 134 33.2 37 44 171 35 

Curved 201 49.8 42 50 243 49.8 

Loose 41 10.1 5 6 46 9.4 

Stump 16 4 0 0 16 3.3 

Polled  12 3 0 0 12 2.5 

Horn orientation       

Tips pointing laterally 141 34.9 35 41.7 176 36 

Up ward 236 28.4 44 52.4 280 57.4 

Down ward 27 6.7 5 6 32 6.6 

Ear shape       

Straight edged 404 100 84 100 488 100 

Ear orientation       

Lateral 398 98.5 84 100 482 98.8 

Drooping 6 1.5 - - 6 1.2 
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Table 9: (Continued)  

 

Variables 

Female Male Over all 

N % N %   N % 

Hump size       

Small  376 93.1 6 7.1 382 78.3 

Medium 28 6.9 30 35.7 58 11.9 

Large 0 0 48 57.2 48 9.8 

Dewlap size       

Small 142 35.1 21 25 163 33.4 

Medium 262 64.9 59 70.2 321 65.8 

Large 0 0 4 4.8 4 0.8 

Perpetual sheath (for bulls)       

Small - - 22 26.2 22 26.2 

Medium - - 57 67.9 57 67.9 

Large - - 5 6 5 6 

Naval flap(for cows)       

Small 133 32.9 - - 133 32.9 

Medium 206 51 - - 206 51 

Large 65 16.1 - - 65 16.1 

Facial profile       

Straight 295 73 68 81 363 74.4 

Concave 109 27 16 19 125 25.6 

Tail length       

Short 28 6.9 - - 28 5.7 

Medium 134 33.2 56 66.7 190 38.9 

Long 242 59.9 28 33.3 270 55.3 
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Figure 3:Harar female cattle in the study area 
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Figure 4:Hararghe bulls in the study area 
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4.8.2. Quantitative Traits in male and female Harar cattle 

The quantitative traits measurements of both  male and female Harar cattle population in 

the study areas are summarized in Table 10. Phenotypic variation in all quantitative 

dependent variable were highly affected (p<0.01) by the sex of animals and districts. Male 

animals had higher values than females for most of the variables due to different hormonal 

effect that enable them to grow to a larger size (Dereje, 2005). The result of the 

morphometric measurements in the current findings were higher than the report of (Fasil et 

al., 2014)  body length  of 110.4 ± 0.91cm and  height at withers of 120.9 ± 0.70 cm for 

Ogaden cattle in Jijiga zone, Habtamu(2017) reported that 149.93±0.68, 115.49±0.59,108.2

6±0.39 and 37.21±0.32 cm chest girth, body length, and pelvic width respectively for 

indigenous cattle breed of Benishangul gumuz, western Ethiopia and also (Endashew et 

al.,2015 ) indicated that  122 .1±0.9, 144.5±0.9 and 113.0±1.1cm for body length ,chest 

girth and height at withers respectively in Mursi cattle in the Bodi and Mursi pastoral areas 

of south Omo zone, south western Ethiopia. However the current result was lower than the 

report of Mulugeta (2015) 137.0± 0.10, 136.0±0.09, 168.9±0.10 and 41.5±0.06 cm height at 

withers, body length, chest girth and pelvic width respectively for male Begait cattle . 

 The current study result was revealed that the majority of quantitative characteristic of  

male Harar cattle population had larger than male indigenous cattle found in the different 

part of Ethiopia, because Hararghe people were well-known in cattle fattening, presence of 

good  managemet and feeding system of cattle. Belay et al.(2017) reported  lower values 

for body length (108.05±1.03cm), chest girth (138.01±1.57cm) height at withers (109.054±

1.06) and pelvic width (38.10±0.53cm) for indigenous male cattle in Gamo goffa zone 

south Ethiopia.The current findings were similar with the report of Fasil (2006) for the 

same sex 40.67±0.34cm muzzle circumferences and slightly similar in ear length 

20.76±0.25cm and tail length 88.20±0.83cm, but the horn was shorter than 15.82±0.89 cm 

for cattle in Awi, east and west Gojjam Zones of Amahara Region, Ethiopia. The current 

result also comparable with the report of Belay et al.(2017) who stated 

40.15±0.41,19.56±0.32 and 30.83±0.423 cm for muzzle circumference, ear length and hock 

circumferences respectively while high value for horn length was reported(27.74±1.747 

cm) for the same sex. 
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The body measurement values of female in the present study was higher than that reported 

by Dereje (2015) who found the average measured value for body length, chest girth, height 

at withers and pelvic width of female Horro cattle to be 99.42, 131.53, 107.18 and 32.39 

cm, respectively and Endashaw et al. (2015) also reported for Mursi female cattle 

population  body length, chest girth and height at withers value of 114.9±0.8, 134.3±0.7 

and 104.6±0.9 cm, respectively. The study of Fasil et al.(2014) for Ogaden female 

indigenous cattle indicated that lower value for body length (104.1±0.50) and height at 

withers (113.5±0.39) than the current findings however, higher value for chest girth 

(149.1±0.66)and pelvic width (38.45±0.24) and Endalkachew et al.(2016) reported for  

Fogera female cattle higher values for heart girth  (148.75±0.72cm),pelvic width 

(37.12±0.27cm) and height at withers (123.68±0.52cm) but lower value for body length 

(106.69±0.50cm). The report of Ebadu et al.(2017) for Bonga female cattle body 

length(110.52±0.33 cm) ,chest girth (135.04±0.42 cm)  and height at withers (100.48±0.29) 

lower than the current results. Belay et al.(2017) also reported lower values for body length 

(107.15±0.62 cm),chest girth (135.42±0.81 cm) ,height  at withers (107.18±0.588) and 

pelvic width (37.63±0.28cm) for indigenous female cattle in Gamo goffa zone south 

Ethiopia . 

The mean reported ear length, horn length and tail length for female cattle sample 

population in the study areas were 18.53±0.17, 14.70±0.24 and 84.98±0.43 cm respectively 

.The current result was in agreement with the report of Endalkachew et al.(2016) for Fogera 

female cattle, which is the tail length (84.18±0.54cm) and horn length (13.81±0.37 cm) but 

disagree in the ear length(24.38±0.21cm).The study of Belay et al.,(2017) for Goffa female 

cattle showed higher value for horn length (27.02±1.82) however, ear length (19.54±0.199 

cm) which is slightly similar with the present result. The ear length (16.55±0.10) reported 

for Bonga female cattle by (Ebadu et al., 2017) were lower than the present result whereas 

higher horn length was reported by the same author. The overall least mean squares and 

standard error for muzzle, hock and cannon bone circumference for female cattle in the 

study areas were 37.67±0.34, 28.50±0.21 and 15.39±0.15 cm respectively. The report of 

Belay et al.,(2017) for hock (29.42±0.299 cm) and muzzle circumference(39.09±0.24 cm) 

in Goffa female cattle is closer to the present findings. 
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Table 10:Summary of linear body measurements in male and female Harar cattle population 
Effects  Ear length 

mean± SE 

Body length 

mean± SE 

Chest girth 

mean± SE 

Horn length 

mean± SE 

Tail length 

mean± SE 

Muzzle circumference 

mean± SE 

Districts  *** *** *** *** *** *** 

           Jarso 17.75
 c

 ±0.29 122.45
a
±0.81 143.41

 c
 ±1.12 13.52

 b
 ±0.40 88.10

 a
 ±0.68 37.11

 cb
 ±0.47 

          Goro Gutu  18.29
cb

±0.33 117.64
b
±0.80 147.31

 b
 ±1.28 14.86

 a
 ±0.46 87.12

 ba
 ±0.67 37.72

 c
 ±0.56 

          Tullo  18.91
 b

 ±0.22 120.81
a
±0.89 150.48

 a
 ±1.16 13.09

 b
 ±0.41 85.71

 b
 ±0.77 40.43

 a
 ±0.62 

         Oda Bultum 20.18
 a

 ±0.26 118.51
b
±0.89 149.98

 ab
 ±1.48 15.82

 a
 ±0.41 82.2

 c
 ±0.98 38.50

 b
 ±0.63 

Sex  *** *** *** *** *** *** 

      Male  20.00
 a

 ±0.22 125.26
a
±0.66 163.52

 a
 ±1.55 12.50

 b
 ±0.38 89.69

 a
 ±0.96 40.67

 a
 ±0.35 

      Female  18.53
 b

 ±0.17 118.73
b
±0.49 144.53

 b
 ±0.59 14.70

 a
 ±0.24 84.98

 b
 ±0.43 37.67

 b
 ±0.34 

Overall 18.78±0.14 119.85±0.43 147.80±0.64 14.32±0.22 85.79±0.40 38.19±0.29 

CV 16.18 7.56 8.11 32.04 9.84 16.40 

R2 0.107 0.110 0.295 0.075 0.099 0.078 

 

Effects  Height at withers 

mean± SE 

Hock circumference 

mean± SE 

Pelvic width  

mean± SE 

Cannon bone circumference 

mean± SE 

Body weight  

mean± SE 

Districts  *** *** 0.0035 ***  

            Jarso 118.81
 a

 ±0.61 29.51
 a

 ±0.36 38.73
 a

 ±0.35 14.29
 b

 ±0.29 278.16
 a

 ±0.80 

            Goro Gutu  118.84
 a

 ±0.69 28.23
 b

 ±0.33 36.77
 b

 ±0.52 14.90
 b

 ±0.27 251.20
 c

 ±2.66 

            Tullo  116.68
 b

 ±0.66 27.61
 b

 ±0.39 37.25
 b

 ±0.53 16.42
 a

 ±0.33 249.64
 c

 ±3. 00 

          Oda Bultum 114.62
 c

 ±0.69 30.18
 a

 ±0.37 37.52
 b

 ±0.46 15.96
 a

 ±0.28 265.53
 b

 ±3.00 

Sex  *** *** *** 0.0003 *** 

      Male  121.32
 a

 ±0.47 30.73
 a

 ±0.39 39.60
 a

 ±0.55 16.56
 a

 ±0.32 280.43
 a

 ±3.45 

      Female  116.39
 b

 ±0.38 28.50
 b

 ±0.21 36.84
 b

 ±0.26 15.15
 b

 ±0.17 257.12
 b

 ±1.63 

Overall 117.24±0.34 28.88±0.19 37.31±0.24 15.39±0.15 261.13±1.52 

CV 6.02 13.59 13.64 20.92 11.67 

R2 0.120 0.102 0.068 0.083 0.187 

CV= Coefficients of Variation , R2=Coefficients of determination,*** highly significant at p<0.0001 
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This findings revealed that  all the quantitative traits (body length, chest girth ,pelvic width, 

ear length, height at withers, tail length, muzzle circumference, horn length, hock circumfer

-ence and body weight) were significantly (p<0.0001) affected by districts except cannon 

bone circumference (Table 11). Low value of R2 indicated that large proportion of 

variations was observed. 

Table 11:Level of significance of main effect for each of variables and their associated R2 

values for female sample 

Dependent variable District R 
2
 CV 

Body length p<0.0001 0.0540 8.04 

Chest girth p<0.0001 0.0510 8.01 

Pelvic width  p<0.0001 0.0559 13.71 

Ear length  p<0.0001 0.1180 17.04 

Height at withers  p<0.0001 0.0480 6.51 

Tail length  p<0.0001 0.0569 9.93 

Muzzle circumference p<0.0001 0.0605 17.76 

Horn length  p<0.0001 0.0596 32.38 

Hock circumference p<0.0001 0.0537 14.17 

Cannon bone circumference 0.0003 0.0538 21.85 

Body weight  p<0.0001 0.1630 11.38 

R 2=coefficient of determination, CV =coefficient of variation 

Pair wise comparisons among districts showed differences (p<0.0001) for all quantitative 

traits except cannon bone circumference in female cattle. The highest least squares mean 

for ear length ,horn length and hock circumference were recorded at Oda Bultum district 

and highest value for body length, pelvic width and body weight was recorded at Jarso  

District. This study shown that Jarso female cattle population has large frame and longer 

height than other cattle population in the study area.This kind of morphology can be 

considered in beef type animal. The highest(16.3%)  coefficient of determination (R 2)  

values was calculated  for body weight and the smallest values for height at withers (4.8%) 

in female sample population. 

Pair wise comparisons of female cattle between districts for linear body measurements are 

presented in Table 12. Female cattle population in Oda Bultum district were higher in ear 

length, horn length and hock circumference than females of other cattle population this is 

due to presence of good management. Females cattle of Jarso and Goro Gutu districts 

recorded higher in tail length and Height at withers. 
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The highest Pelvic width and body weight for females cattle population were recorded at 

Jarso district than other females cattle population.Females of Tullo district cattle population

 were superior in Muzzle circumference and Cannon bone circumference to females of 

other cattle population. 

Table 12: Least squares mean and pair wise comparisons between districts of linear body 

measurement (cm) for female by site 
Districts  

Dependent Variable  Jarso Goro Gutu Tullo  Oda Bultum CV 

N 101 101 101 101  

Ear length 17.20(0.31)
c
 17.73(0.37)

c
 19.02(0.26)

b
 20.15(0.30)

a
 17.04 

Body length 121.07(0.89)
a
 115.72(0.82)

b
 120.76(1.05)

a
 117.35(1.02)

b
 8.04 

Chest girth 141.43(1.05)
b
 142.58(0.93)

b
 148.13(1.16)

a
 145.97(1.41)

a
 8.01 

Horn length  14.22(0.43)
bc

  15.14(0.54)
ba

  13.10(0.47)
c
  16.34(0.45)

a
 32.38 

Tail length 86.95(0.73)
a
 86.84(0.74)

a
 84.17(0.81)

b
 81.97(1.04)

b
 9.33 

MC 36.56(0.55)
b
 36.17(0.64)

b
 40.48(0.75)

a
 37.50(0.70)

b
 17.76 

HW 117.96(0.69)
a
 117.85(0.77)

a
 115.92(0.78)

a
 113.82(0.76)

b
 6.51 

HC 29.23(0.42)
ba

 28.16(0.36)
bc

 27.09(0.45)
c
 29.51(0.38)

a
 14.17 

Pelvic width  38.87(0.40)
a
 36.67(0.60)

b
 36.13(0.52)

b
 35.69(0.47)

b
 13.71 

CBC 14.12(0.33)
c
 14.81(0.30)

bc
 16.26(0.39)

a
 15.42(0.29)

ba
 21.85 

Body weight  277.82(3.25)
a
 250.02(3.00)

cb
 242.37(3.04)

c
 258.26(2.62)

b
 11.68 

Standard error in bracket,   a,b,c least square mean with different superscripts within the same 

row are significantly different at (p<0.01) MC=Muzzle circumference, HW=Height at 

withers, HC=Hock circumference  and CBC= Cannon bone circumference. 

 

Pair wise comparisons of male cattle between districts for linear body measurements are 

presented in Table 13. In case of male cattle population in Oda Bultum district the highest 

body weight, Hock circumference and Muzzle circumference was recorded than the other 

male cattle populations, large body weight of this population due to better management 

practices by the farmers. Male of Jarso and Goro Gutu districts cattle population were 

superior in Ear length and Hock circumstance to male of other male cattle population. Male 

cattle population in Oda bultum and Goro Gutu districts were recorded higher Chest girth 

than male of other male cattle population. 
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Table 13: Least squares mean and pair wise comparisons between districts of linear body 

measurement (cm) for male populations by district 

Districts 

Variable variable Jarso Goro Gutu Tullo  Oda Bultum CV 

N 21 21 21 21  

Ear length 20.36(0.41)
a
 20.98(0.36)

a
 18.36(0.32)

b
 20.31(0.44)

a
 8.78 

Body length 129.07(1.32)
a
 126.88(1.18)

ba
 121(1.03)

c
 124.10(1.09)

bc
 4.24 

Chest girth 152.93(3.49)
c
 170.07(2.63)

a
 161.81(2.57)

b
 169.26b(2.18)

a
 7.73 

Horn length 10.14(0.72)
b
 13.52(0.64)

a
 13.03(0.81)

a
 13.30(0.69)

a
 26.31 

Tail length 93.64(1.30)
a
 88.45(1.42)

b
 93.11(1.54)

ba
 83.55(2.45)

c
 8.87 

MC 39.80(0.54)
b
 39.40(0.83)

b
 40.20(0.58)

b
 43.30(0.51)

a
 7.08 

HW 122.89(0.72)
a
 123.58(0.78)

a
 120.36(0.80)

b
 118.45(1.00)

b
 3.14 

HC 30.87(0.56)
b
 28.56(0.85)

c
 30.12(0.51)

cb
 33.39(0.76)

a
 10.23 

Pelvic width  38.05(0.73)
bc

 37.26(0.96)
c
 42.57(1.38)

a
 40.53b(0.88)

a
 11.73 

CBC 15.12(0.59)
b
 15.36(0.53)

b
 17.19(0.50)

a
 18.57(0.62)

a
 15.51 

Body weight  279.76(5.13)
b
 256.86(5.71)

c
 284.62b(5.22)

a
 300.48(7.89)

a
 9.96 

Standard error in bracket,  a,b,c least square mean with different superscripts within the same 

row are significantly different at (p<0.01) HC=Hock circumstance ,MC=Muzzle circumference, 

HW=Height at withers and CBC= Cannon bone circumference. 

This results revealed that except pelvic width, tail length, horn length and  cannon bone 

circumference, the quantitative traits (body length, chest girth , ear length ,height at withers 

, muzzle circumference ,hock circumference and body weight) were affected (p<0.0001) by 

districts (Table14).For male sample populations  lowest coefficient of determination was 

recorded for horn length 15.5% and the highest for the body length  25.4%. 

Table 14: Level of significance of main effect for each of variables and their associated R2 

values for male sample 

Dependent variable District R 2 CV 

Body length p<0.0001 0.254 4.24 

Chest girth p<0.0001 0.239 7.73 

Pelvic width  0.0014 0.176 11.73 

Ear length  p<0.0001 0.248 8.78 

Height at withers  p<0.0001 0.233 3.14 

Tail length  0.0002 0.216 8.87 

Muzzle circumference p<0.0001 0.231 7.08 

Horn length  0.0036 0.155 26.31 

Hock circumference p<0.0001 0.244 10.23 

Cannon bone circumference 0.0003 0.240 15.51 

Body weight  p<0.0001 0.247 9.96 

R 2=coefficient of determination, CV =coefficient of variation 
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4.9. Multivariate Analysis 

Multivariate analyses of variance are used for determining which among the many traits 

measured are of interests for distinguishing between populations, and for assessing the 

aggregate morphological characteristics needed for grouping (FAO, 2012). Multivariate 

analysis techniques are usually used to explore the factors of dissimilarity within a 

population, and eventually reorganize a heterogeneous set of observation units into 

relatively more homogenous groups from the total population ((Minitab,1998). 

4.9.1. Discriminant analysis 

The validity of discriminant analysis procedure was assessed by means of reclassification 

of statistics for female and male sample populations (Table 15 and 16 respectively).The 

overall average error count estimate was 43.81 percent for all observations from all districts 

that mean 56.19 percent of female sample populations were correctly classified (appendix 

table 5).This higher error rates, for instance in Goro Gutu district populations, indicated that 

greater a mixture with neighboring cattle population especially with Jarso and Oda Bultum 

cattle population.The correct classification for female sample population into their district 

ranged from 42.57 to 68.32 percent in the districts studied (Table 15).From all the study 

districts female cattle has the highest correct classification in Jarso while the least correct 

classification was noted in Goro Gutu district (42.57). 

Table 15: Correctly classified for female sample populations using discriminant analysis 
From  

districts 

Goro Gutu Jarso Oda Bultum Tullo Total 

Goro Gutu 43 

(42.57) 

22 

(21.78) 

19 

(18.81) 

17 

(16.83) 

101 

(100) 

Jarso 18 

(17.82) 

69 

(68.32) 

9 

(8.91) 

5 

(4.95) 

101 

(100) 

Oda Bultum 19 

(18.81) 

10  

(9.9) 

55 

(54.46) 

17 

(16.83) 

101 

(100) 

Tullo 16 

(15.84) 

12 

(11.88) 

13 

(12.87) 

60 

(59.41) 

101 

(100) 

Total 96 

(23.76) 

113 

(27.97) 

96 

(23.76) 

99 

(24.5) 

404 

(100) 

Number of observations and Percent (in bracket) 



51 

 

   
 

In case of male the overall average error count estimate was 17.86 percent for all 

observations and 82.14 percent of male samples were correctly classified (appendix 

Table 6). The correct classification for male sample population into their district ranged 

from 71.43 to 90.48 percent in the districts of studied (Table 16). From the all study 

districts male cattle, Jarso had the least correct classification, whereas Goro Gutu district 

had the highest correct classification.  

Table 16: Correctly classified for male sample populations using discriminant analysis 
From  

Districts 

Goro Gutu Jarso Oda Bultum Tullo Total 

Goro Gutu 19 

(90.48) 

1 

(4.76) 

0 

(0.00) 

1 

(4.76) 

21 

(100.00) 

Jarso 3 

(14.29) 

15 

(71.43) 

0 

(0.00) 

3 

(14.29) 

21 

(100.00) 

Oda Bultum 1 

(4.76) 

1 

(4.76) 

17 

(80.95) 

2 

(9.52) 

21 

(100.00) 

Tullo 0 

(0.00) 

1 

(4.76) 

2 

(9.52) 

18 

(85.71) 

21 

(100.00) 

Total 23 

(27.38) 

18 

(21.43) 

19 

(22.62) 

24 

(28.57) 

84 

(100.00) 

Number of observations and Percent (in bracket) 

4.9.2. Canonical discriminant analysis 

The all squared Mahalanobis' distances between districts for female cattle populations were 

highly significant (p<0.0001), this showing the presence of measurable differences between 

female populations from each districts (Table 17).The longest distance (3.77) was measured 

between Jarso and Tullo districts, whereas the shortest distance (1.62) was measured 

between Goro Gutu and Oda Bultum districts.This shows that the sample populations from 

Goro Gutu and Oda Bultum districts were not more different in the group quantitative 

features under consideration.This is due to phenotypic similarities observed at both sites. 

All multivariate tests (Wilks' Lambda, Pillai's Trace, Hotelling-Lawley Trace and Roy's 

Greatest Root) obtained from Canonical discriminant analysis indicated differences 

(p<0.0001) among the districts for female sample populations (Table 18).  
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The value of Wilks' lambda for female sample populations was 0.4785. This indicates that 

52.15 percent of the variability in discriminator variables was because of the variances 

between populations rather than difference within populations (Table 18). 

Table 17: Squared Mahalanobis' distance between sites for the sample female population 
From district Goro Gutu Jarso  Oda Bultum  Tullo  

Goro Gutu ***    

Jarso  1.65 ***   

Oda Bultum 1.62 3.38 ***  

Tullo 1.67 3.77 1.73 *** 

***highly significant at (p<0.0001) 

The canonical discriminant analysis extracted three canonical variates for female sample 

populations and out of which the first two canonical variates (can1 and can2) accounted 

about for 86.67 percent of total variation (Table 18). The remaining one canonical variates 

(can3) account only for 13.33 percent of total variance.Eigen value shows the ratio between 

groups variability to within groups variability for a canonical discriminant function. Accord

-ing to (Howard and Brown, 2000) the larger eigen value, shows the better at accounting 

for group differences. The higher discriminant power (eigen value) for female sample 

populations were shown by canonical variate 1 than can2 and can3.   
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Table 18: Multivariate Statistics and F Approximations for female cattle population 

Statistic Value F Value Num DF Den DF Pr > F 

Wilks' Lambda 0.4785 9.9 33 1149.7 <.0001 

Pillai's Trace 0.6324 9.52 33 1176 <.0001 

Hotelling-Lawley Trace 0.8719 10.27 33 901.59 <.0001 

Roy's Greatest Root 0.5393 19.22 11 392 <.0001 

Can  Eigenvalue Difference Proportion Cumulative Likelihood Ratio F Value Num DF Den DF Pr > F 

1 0.5393 0.3229 0.6185 0.6185 0.4785 9.9 33 1149.7 <.0001 

2 0.2164 0.1001 0.2482 0.8667 0.7365 6.46 20 782 <.0001 

3 0.1162   0.1333 1.0000 0.8959 5.06 9 392 <.0001 

 

Table 19: Multivariate Statistics and F Approximations for male cattle population 

Statistic Value F Value Num DF Den DF Pr > F 

Wilks' Lambda 0.10360525 7.27 33 206.94 <.0001 

Pillai's Trace 1.55036972 7.00 33 216 <.0001 

Hotelling-Lawley Trace 3.58407592 7.48 33 155.08 <.0001 

Roy's Greatest Root 1.95125314 12.77 11 72 <.0001 

Can  Eigenvalue Difference Proportion Cumulative Likelihood Ratio F Value Num DF Den DF Pr > F 

1 1.9513 0.9649 0.5444 0.5444 0.1036 7.27 33 206.94 <.0001 

2 0.9863 0.3398 0.2752 0.8196 0.3058 5.74 20 142 <.0001 

3 0.6465   0.1804 1.000 0.6073 5.17 9 72 <.0001 
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In the case of male sample populations, the squared Mahalanobis' distances between the 

sites was higher than that of female cattle populations; this is due to small number of 

sample male. The shortest distance (6.41) was perceived between Goro Gutu and Jarso 

districts. However the longest distance (12.15) was observed between Jarso and Oda 

Bultum districts (Table 20). The distances expressed here between sample populations are 

due to distinct phenotypic differences between populations for quantitative traits. All 

multivariate tests (Wilks' Lambda, Pillai's Trace, Hotelling-Lawley Trace and Roy's 

Greatest Root) obtained from Canonical discriminant analysis indicated differences 

(p<0.0001) between the districts for male sample populations. The value of Wilks' lambda 

for male sample populations was 0.1036. This illustrates that most 89.64 percent of the 

variability in discriminator variables was because of the variances between populations 

rather than difference within populations (Table 19). 

Table 20: Squared Mahalanobis' distance between sites for the sample male population 
From district Goro Gutu Jarso  Oda Bultum  Tullo  

Goro Gutu ***    

Jarso  6.41 ***   

Oda Bultum 12.02 12.15 ***  

Tullo 9.68 7.56 6.79 *** 

The canonical discriminant analysis extracted three canonical variates for male sample 

populations like as female sample populations. The first two canonical variates (can1 and 

can2) accounted about for 81.96 percent of total variation (Table 19).The remaining one 

canonical variates (can3) account only for 18.04 percent of total variance. 

4.9.3. Stepwise Discriminant Analysis 

The step wise discriminant analysis is used in an effort to discover the ‘best’ subset of 

discriminator variables to use in discriminating groups (Howard and Brown 2000). The 

stepwise discriminant analysis result was summarized in Table 21. The all 11 quantitative 

traits for both male and female were separately subjected to STEPDISC procedure of SAS 

2008.All eleven quantitate variables for  females and ten quantitative variables for males 

were identified as best discriminating variables on stepwise selection summary.The Wilks' 

lambda test indicates that all traits measured were highly significant (p<0.0001) 

contributors to discrimination of the total populations into separate groups. 
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 By comparing the F-value and the p-value of statistics for each significant explanatory 

variable such as body weight, ear length and tail length, in female sample populations in all 

districts have the highest amount of significant discriminative power (Table 21). While in 

male sample population bodylength and ear length has the highest amount of significant 

discriminative power (Table 22). 

Table 21: Stepwise Selection Summary for female cattle population 
Step  Entered Partial  

R-Square   

F-value Pr > F       Wilks'  

Lambda 

Pr < 

Lambda 

ASCC  Pr > 

ASCC 

1 BW 0.1635     26.05   <.0001   0.83654100   <.0001    0.05448633   <.0001 

2 EL 0.1071     15.95   <.0001   0.74698465   <.0001    0.08956667   <.0001 

3 TL 0.0636      9.01   <.0001   0.69949415   <.0001    0.10767716   <.0001 

4 HL 0.0559      7.83   <.0001   0.66041904   <.0001    0.12571306   <.0001 

5 MC 0.0514      7.16   0.0001   0.62645629   <.0001    0.14117303   <.0001 

6 CG 0.0504      6.99   0.0001   0.59486005   <.0001    0.15452239   <.0001 

7 BL 0.0632      8.86   <.0001   0.55728490   <.0001    0.17282977   <.0001 

8 HW 0.0465      6.39   0.0003   0.53135148   <.0001    0.18508452   <.0001 

9 CBC 0.0356      4.83   0.0026   0.51241495   <.0001    0.19366198   <.0001 

10 HC 0.0369      4.99   0.0021   0.49351200   <.0001    0.20359303   <.0001 

11 PW 0.0305      4.09   0.0071   0.47847238   <.0001    0.21078984   <.0001 

 

Table 22: Stepwise Selection Summary for male cattle population 

Step  Entered Partial  

R-Square   

F-value Pr > F       Wilks'  

Lambda 

Pr < 

Lambda 

ASCC 

 

Pr > 

ASCC 

1 BL 0.2543      9.09   <.0001   0.74567965   <.0001    0.08477345   <.0001 

2 EL 0.2566      9.09   <.0001   0.55437468   <.0001    0.15603417   <.0001 

3 HC 0.2605      9.16   <.0001   0.40997019   <.0001    0.24011995   <.0001 

4 CG 0.2184      7.17   0.0003   0.32044174   <.0001    0.30905917   <.0001 

5 MC 0.2228 7.26   0.0002   0.24903561   <.0001    0.36363727   <.0001 

6 TL 0.1822      5.57   0.0017   0.20366121   <.0001    0.40332830   <.0001 

7 BW 0.1555      4.54   0.0056   0.17199010   <.0001    0.43569050   <.0001 

8 HL   0.1544      4.44   0.0064   0.14544306   <.0001    0.46862675   <.0001 

9 HW 0.1182      3.22   0.0278   0.12825393   <.0001    0.48632961   <.0001 

10 CBC 0.1091      2.90   0.0410   0.11426545   <.0001    0.50127245   <.0001 

11 PW 0.0933      2.40   0.0750   0.10360525   <.0001    0.51678991   <.0001 

BW=body length, EL=ear length, TL=Tail length, MC=muzzle circumference, CG=chest girth, 

BL=body length, HW=height at withers, CBC=cannon bone circumference, HC=hock circumference, 

PW=pelvic width, ASCC=Average squared canonical correlation 
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4.10. Reproductive performance characteristics of Harar cattle 

Reproductive performance is commonly evaluated by analyzing female reproductive traits 

(Aynalem et al., 2011).The reproductive performance of indigenous cattle in the study 

areas are summarized in (Table 23).The present findings revealed that reproductive traits of 

Harar cattle such as age at first mating, age at first calving, calving interval, reproductive 

life time of cow and total calves born per life time of cow are highly significant amongst 

districts(p<0.01). The difference among districts is due to management and feeding system 

practiced by the farmers. 

The overall mean age at first mating of female cattle in present study is 3.57±0.61years. 

The Age at first mating of female Harar cattle in present results were closely related to 

AFM of 3.73±0.51 years for Horro cattle (Dereje ,2015) and 3.94±0.092 for Bonga cattle 

breed (Edabu et al.,2017). 

The overall mean age at first calving of Harar cattle in the current study is 4.48±0.68 years. 

Azage et al.(2011) and Tewodros (2008) reported that first calving marks the beginning of 

a cow’s productive life and influences both the productive and reproductive life of the 

female, directly through its effect on her lifetime calf crop and milk production and 

indirectly through its influence on the cost invested for upbringing. Age at fist calving of 

the current result is lower than 4.96±0.091 years reported for  Bonga cattle (Ebadu et al., 

2017), 54.1 month or 4.51 year for Kereyu cattle (Shiferaw, 2014), 55.4 months or 4.62 

years for Arsi cattle (Chali, 2014), 4.98±0.68 years for Horro cattle (Dereje, 2015) and 4.6 

years for Mursi cattle (Endashaw et al., 2015) and AFC value of 4.7±1.31 for Gofa cattle 

(Kebede et al., 2017). However, the age at first calving was higher than cattle breed in 

Benishangul gumuz (50.2 months or 4.18 years) (Habtamu, 2017), 51.4 ±0.05 month or 

4.28±0.05 year for fogera cattle breed (Assemu et al, 2016) and 48.04±1.28 months or 4 

years for Begait cattle breed (Mulugeta, 2015), 48.9±0.259 months or 4.07 years for 

indigenous cows in Dawro zone (Taju (2018) and 49.8 months or 4.15 years for Simada 

cattle (Assefa et al., 2015). Longer age at first calving might be related with poor 

management and breeding practice, disease problem and poor level of nutrition.  
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The overall mean calving interval in the present study was 1.94±0.67 years. Calving 

interval of the current study was closer to that of 1.88±0.49 year for Horro cattle  breed 

(Dereje,2015). The current finding of calving interval was higher than 17.10±1.05 month 

or1.43 year for Begait cattle (Mulugeta, 2015), 21.18±0.70 months or 1.77 years for fogera 

cattle (Assemu et al.,2016), 1.77±0.047 year for Bonga cattle (Ebadu et al., 2017) and calvi

ng interval of 16.0±0.141month or 1.33 year in indigenous cow in Dawro zone (Taju,2018).

However, calving interval of indigenous cattle in this finding was lower than 26.04±0.01 

months or 2.17 years for Simada cattle (Assefa et al., 2015). Short calving interval 

maximizes return on production by increasing lactation numbers for a cow in its lifetime. 

This means that they have a greater lifetime production than if they had extended intervals 

(Habtamu, 2017). Hare et al.(2006) reported that the rate of genetic improvement increases 

with shorter calving interval time between successive generations. According to the 

responses from interviewed household the overall mean reproductive life time of cow, bull 

reproductive life time and total calves born per cow life in time in the study areas were 

12.03±3.04 years, 4.25±2.18 years and 5.81±1.89 calves respectively.  

The highest mean cow reproductive life time was recorded at Jarso district (13.37±3.20 

years) followed by Tullo district (12.20±2.96 years) and Goro Gutu district (11.43±2.83 

years) whereas the lowest cow reproductive life time was perceived at Oda Bultum district 

(11.11±2.68 years).The highest cow reproductive life time at Jarso district (13.37±3.20 

years) is due to presence of better management. Cattle with long calving interval and higher 

age at first calving may have short reproductive life time (Habtamu, 2017). Reproductive 

life time of breeding female cattle in the present finding was closer to the report of Chali 

(2014) 12.01±0.2 years for Arsi cattle and 11.96±2.10 years for horro cattle breed (Dereje, 

2015) .The reproductive life time of cow in the current result was lower than 13.2±3.95 

years for  kereyu cattle (Shiferaw, 2014), 14.2±3.1 years for Mursi cattle (Endashew et al., 

2015) and 12.7 years for Boran cattle breed (Solomon et al., 2011). However, the mean of 

reproductive life time of female cattle recorded in this study was higher than the report of 

11.30±0.17 years for fogera cattle (Damitie et al., 2016) ,11.0±0.8 year for Begait cattle 

(Teweldemedhn, 2016) and 10.9±3.6 year for reproductive life time of Gofa cattle (Kebede 

et al.,2017)and 11.4±0.181 year for indigenous cows in Dawro zone,southern Ethiopia 

(Taju,2018).
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Table 23: Reproductive characteristics of Harar cattle 

Parameters Jarso  

Mean ± SE 

Goro Gutu  

Mean ± SE 

Tullo 

Mean ± SE 

OdaBultum 

Mean ± SE 

Overall 

mean± SE 

CV Pr>F 

AFMF ( year) 3.77
 a

 ±0.63 3.69
 a

 ±0.66 3.43
 b

 ±0.50 3.40
 b

 ±0.57 3.57±0.61 16.54 <.0001 

AFC (year) 4.27
 c

 ±0.45 4.39
 cb

 ±0.54 4.48
 b

 ±0.53 4.80
 a

 ±0.96 4.48±0.68 14.50 <.0001 

CI (year) 1.47
 c

 ±0.60 2.25
 a

 ±0.57 1.91
 b

.±0.58 2.11
 a

 ±0.65 1.94±0.67 31.09 <.0001 

RLTC (year) 13.37
a
±3.20 11.43

cb
 ±.2.83 12.20

b
±2.96 11.11

c
±2.68 12.03±3.0 24.31 <.0001 

TCBPCLT 6.53
 a

 ±1.89 5.16
 b

 ±1.75 5.47
 b

 ±1.76 6.07
 a

 ±1.89 5.81±1.89 31.40 <.0001 

RTLB (year) 5.93
 a

 ±3.58 3.89
 b

 ±0.92 3.68
 b

 ±0.93 3.48
 b

 ±0.88 4.25±2.18 45.95 <.0001 

AFMF= Age at first mating of female, AFC=Age at first calving, CI=Calving interval, 

RLTC=Reproductive life time of cow, TCBPCLT=Total calves born per cow life time, RTLB 

=reproductive life time male, SE=Standard Error, CV=Coefficient of variation. 

4.11. Cattle breeding practices in the study area 

The majority of the respondents in all study districts reported that they select breeding male 

(92 percent) and breeding female (83.7%) (Table 24). This finding was in line with the 

study of Habtamu (2017) who reported that selection was practiced both on males (80%) 

and female (86.6%) in Beneshungul Gumuz.  

Table 24: Selection of indigenous cattle 
 Districts  

Variable  Jarso  Goro Gutu  Tullo Oda Bultum Total  

 N % N % N % N % N % 

Breeding male selection           

       Yes 66 88 68 90.7 70 93.3 72 96 276 92 

       No 9 12 7 9.3 5 6.7 3 4 24 8 

Breeding female selection           

       Yes 54 72 67 89.3 61 81.3 69 92 251 83.7 

       No 21 28 8 10.7 14 18.7 6 8 49 16.3 

N =Number of respondents  
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4.11.1. Selection criteria of breeding males of Harar cattle 

Selection criteria of breeding animals were ranked as summered in Table 25. Traits such as 

body size, body conformation, coat color, hump size and performance of the animals were 

described as selection criteria of breeding bulls/male cattle by the respondents in the study 

areas. The most important favored criteria to select breeding bulls in all districts is large 

body size followed by body conformation, coat color and hump size with the index of 0.48, 

0.35, 0.12 and 0.03 respectively.  

Body conformation refers to the shape and good standing of the animal that means males 

with rectangular shape with long body length and medium to large hump was selected by 

farmers. Body conformation is important factor because the bull must be physically able to 

serve cows during breeding.This findings was in consistent with selection criteria of Bonga 

cattle breed (Edabu et al.,2017).Similarly Habtamu (2017) reported major selection criteria 

for traits of breeding male were body size (large body size),body conformation, and coat 

color, with an index 0.46, 0.34 and 0.16 respectively in selected areas of Benishangul 

gumuz, western Ethiopia. An animal with a better physical appearance viz: the bigger sized 

bull becomes selected.The color of the animal and the docility behavior of the animal are 

among the top three criterion of selection in Gamo gofa, Zone (Baley and Minale, 2017). 

Table 25: Selection criteria of breeding male cattle ranked by the respondents in the study 

area 
District Selection criteria 1st criteria 2nd criteria 3rdcriteria Index 

Jarso  Body size 58 14 3 0.46 

 Body conformation 12 56 17 0.37 

 Coat color 3 3 40 0.12 

 Hump size 2 0 10 0.04 

 Performance 0 2 5 0.02 

Goro Gutu Body size 57 16 9 0.47 

 Body conformation 13 54 10 0.35 

 Coat color 5 3 38 0.13 

 Hump size 0 2 12 0.04 

 Performance 0 0 6 0.01 

Tullo Body size 75 0 0 0.50 

 Body conformation 0 60 16 0.30 

 Coat color 0 6 42 0.13 

 Hump size 0 4 13 0.05 

 Performance 0 5 4 0.03 
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Table 25: (Continued) 

District Selection criteria 1st criteria 2nd criteria 3rdcriteria Index 

Oda Bultum Body size 60 18 5 0.49 

 Body conformation 15 52 15 0.36 

 Coat color 0 4 43 0.11 

 Performance 0 0 8 0.02 

 Hump size 0 1 4 0.01 

Over all Body size 250 48 17 0.48 

 Body conformation 40 222 58 0.35 

 Coat color 8 16 163 0.12 

 Hump size  2 7 39 0.03 

 Performance 0 7 23 0.02 

4.11.2. Selection criteria of breeding female of Harar cattle 

Milk production, body conformation, udder shape and teat size and good temperament were 

the most highly assessed traits in selecting breeding female in all the study districts as 

presented in Table 26. Farmers select breeding females that produces better milk yield, 

large teat size and preferred red and roan coat color. Body conformation refers to the shape 

and good standing of the animal that means females having triangular shape, wide from the 

back and narrower to the neck was selected by the farmers. Duguma et al (2016) stated that 

farmers tended to select breeding cows predominantly linked to traits of high milk 

production followed by fertility and adaptability in Jimma (town) which is in agreement 

with the present study.  

According to the report of Chebo et al. (2014) the criteria for identifying better reproducing 

cows include displaying clear signs of heat, attainment of early sexual maturity, early age at 

first calving, short calving interval and good milk production. The study of Belay and 

Minale(2017) showed that selection of cows is based on milk production levels than to 

body size of the cows. Milk production capability is assessed based on production history 

(of animal and its parents), large navel flap, medium size of dewlap, large udder, well-

placed teats and thin slender neck. According to the report of Debir (2016) the cows are 

selected primarily based on their dairy potential followed by their being regular breeder, 

higher rate of growth and feeding behavior of the cows in Sidama zone.  
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Ebadu et al.(2017) reported that selection criteria of breeding female according to index 

ranking was large body size(0.24) followed by milk production(0.17),breeding efficiency 

(0.14),udder and teat size (0.10), dair conformation(0.09), mothering ability(0.05), large 

navel(0.04), growth rate and  temperament(0.03) in Kaffa zone southern ,Ethiopia. 

Table 26: Selection criteria of breeding female cattle ranked by the respondents in the study 

area 
District Selection criteria 1st criteria 2nd criteria 3rdcriteria Index 

Jarso  Milk production 43 14 0 0.35 

 Body conformation 18 36 13 0.31 

 Coat color 0 8 7 0.05 

 Good temperament  0 5 20 0.07 

 Udder shape and teat size 14 12 35 0.22 

Goro Gutu Milk production 46 17 15 0.42 

 Body conformation 14 39 18 0.31 

 Coat color 0 5 7 0.04 

 Performance 0 4 5 0.03 

 Udder shape and teat size 15 10 30 0.21 

Tullo  Milk production 50 10 6 0.39 

 Body conformation 8 34 20 0.25 

 Coat color 2 6 4 0.05 

 Body size 5 12 13 0.12 

 Udder shape and teat size 10 13 32 0.20 

Oda Bultum Milk production 48 11 9 0.39 

 Body conformation 2 38 16 0.22 

 Coat color 7 3 11 0.08 

 Performance 0 9 10 0.06 

 Udder shape and teat size 18 14 29 0.25 

Over all  Milk production 187 52 30 0.39 

 Body conformation 42 147 67 0.27 

 Coat color 9 22 29 0.06 

 Performance 0 13 15 0.02 

 Udder shape and teat size 57 49 126 0.22 

 Good temperament 0 5 20 0.02 

 Milk yield 5 12 13 0.03 
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4.11.3. Trait preference 

The farmer’s trait preference in the study area is summarized in Table 27. Cattle producers 

in Jarso district preferred meat quality, adaptation of their animal to harsh environment and 

milk yield trait ranked as first, second and third respectively. Farmers in Goro Gutu district 

preferred adaptation, meat quality and fertility ranked as fist, second and third preference 

respectively. In Tullo district cattle owners were given first preference for milk yield, 

followed by adaptation and feed efficiency traits. However ,farmers in Oda Bultum district 

were reported that meat quality, adaptation and coat color as first ,second and third 

preference respectively. The trait preference difference among districts were due the 

difference of farmers preference in the study area.The response from the respondents in all 

districts indicated that farmers give first preference for adaptability traits followed by meat 

quality, milk yield, coat color (Table 27).  

The present results were slightly comparable with the study of Andarge et al. (2018) who 

indicated that farmers in Gojjam prefer traction power, milk yield, breeding ability,Temper-

ament, body size, growth rate, and adaptation of the animals. Ebadu et al. (2017) reported 

that Bonga cattle owners trait preferences were milk yield, breeding efficiency, draught 

power,and adaptation to the environment, growth rate, fat yield and coat color in that order. 

Chali (2014) reported that the preferences of the Arsi Robe respondents on the local cattle 

traits importance inorder were draft power (0.095),milk yield (0.093)and coat color (0.074). 

Table 27: Cattle trait preference in the study area 
District Trait 1st preference 2nd preference 3rd preference Index 

Jarso Milk yield 12 10 36 0.20 

 Meat quality 48 7 4 0.36 

  Adaptation 5 50 7 0.27 

 Breeding efficiency 0 5 13 0.05 

 Growth rate 0 0 8 0.017 

 coat color 10 3 7 0.096 

Goro Gutu Fertility 4 9 30 0.133 

 Fat yield 0 3 16 0.049 

 Growth 0 0 4 0.009 

 Meat quality 16 38 3 0.28 

 Breeding efficiency 0 7 11 0.055 

 Adaptation 55 8 2 0.41 

 Coat color 0 10 9 0.064 
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Table 27: (Continued) 

District Trait 1st preference 2nd preference 3rd preference Index 

Tullo Feed efficiency 15 0 28 0.16 

 Disease resistance 0 10 6 0.057 

 Milk yield 43 5 3 0.32 

 Breeding efficiency 0 7 13 0.06 

 Growth 0 18 16 0.12 

 Adaptation 17 35 9 0.29 

Oda Bultum Good Temperament  0 14 0 0.062 

 Growth 7 0 11 0.071 

 Adaptation 5 45 5 0.24 

 Meat quality 60 12 0 0.45 

 Breeding efficiency 0 0 9 0.02 

 milk yield 3 0 13 0.049 

 Coat color 0 4 37 0.10 

4.11.4. Adaptive traits of indigenous Harar cattle 

Adaptability of an animal can be defined as the ability to survive and reproduce within a 

defined environment or the degree to which an organism, population or species can become 

or remain adapted to a wide range of environments by physiological or genetic means 

(Mirkena et al.,2010).The indigenous livestock species carry genes that enable them to 

tolerate harsh environments, cope with thorny vegetation in drought-prone areas, walk long 

distance and repel attacks by diseases and pests (Agricultural Information Service, 2007). 

The adaptability traits of Harar cattle are summarized in Table 28.This study showed that 

Harar cattle have good level of adaptation to feed shortage, good level of tick tolerance and 

insect bite tolerance, while they have moderate disease resistance, heat tolerance and  

drought resistance traits (Table 28). The present finding was slightly comparable with study 

of Takele (2005) who reported that some adaptive traits of Sheko cattle were assessed by 

the respondents in terms of good, medium and low level of adaptation to the stress 

variables. The current result was comparable with the work of Endalkachew et al .(2016) 

who reported that fogera cattle had good level of tolerance/resistance for most of the 

adaptive traits except with stand to water shortage considered in this study that ranges from 

29.37 percent for with stand to water shortage tolerance to 100% tolerate swampy grazing 

or ability to tolerate swampy grazing lands of the area.  
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The current result was also supported by the work of Yadeta (2018) who reported that 

Kereyu cattle breed are mostly adaptive and withstand shortage of feed, shortage of water, 

resistance to disease and tolerate heat. 

Table 28: Some adaptability traits of indigenous Harar cattle in the study area 
Variable  Adaptation level Frequency  Percent  

Disease resistance Less 26 8.7 

 Moderate 171 57 

 Good  103 34.3 

Drought tolerance Less 109 36.3 

 Moderate 158 52.7 

 Good  33 11 

Adaptation to feed shortage Less 35 11.7 

 Moderate 115 38.3 

 Good  150 50 

Heat tolerance Less 30 10 

 Moderate 188 62.7 

 Good  82 27.3 

Tick tolerance Less 12 4 

 Moderate 95 31.7 

 Good  193 64.3 

Insect bite Tolerance Less 23 7.7 

 Moderate 82 27.3 

 Good  195 65 

4.11.5. Mating system and sources of bull in the study area 

Most of the respondents in the study area use natural mating system of pure local. Out of 

the sampled household 57.3 % use natural uncontrolled mating in all study districts 

Table 29. This is due to communal grazing practice when animals of different households 

graze together they mate randomly. Hoverer, some individuals allowed their cows to be 

mated with selected bull (32.7 %) which is consider as natural controlled mating and only 

10% use artificial insemination in specific areas. The present result was supported by 

Ebadu et al.(2017) who reported in Kaffa zone almost all respondents use natural mating 

system of pure local and up to 30.5% of respondents use controlled natural matting by 

selecting preferred bulls from themselves or from neighboring herds but some respondents 

use Artificial Insemination (AI) and/or AI with Estrous synchronization.  
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The present study also agree with the work of Malike et al. (2012) which indicated that 

farmers in Ethiopia prefer natural mating as the conception rate from the AI services is not 

successful.According to the respondents in all study districts cattle breeding is not seasonal 

(100%).Therefore, calving occurs all across the year. This study confirmed that most of the 

farmers use natural mating system in traditionally managed cattle. Similar result was 

reported by Ayantu et al. (2012) and Dereje (2015), where most of the farmers practiced 

natural, unplanned and uncontrolled mating system. Keeping of male cattle only for 

breeding purpose was not experienced by smallholder farmers, rather they use for both 

breeding and drought power. Communal grazing land is the key source of breeding bulls in 

most part of Ethiopia (Shiferaw, 2006, Ayantu et al, 2012). Andarge et al. (2018) also 

reported that most of the farmers use natural uncontrolled mating followed by artificial 

insemination in east Gojjam zone.  

As indicated in Table 29, the main source of bull used for mating was from own 

herd(45.7%), bulls from neighboring herd (39.7%) and only (14.7%) used artificial 

insemination. This finding was comparable with the study of Debir (2016) who  reported 

that 67.8% of  the farmers were used  bulls from their neighboring herd  and 32.2% of them 

used from their own for mating their animals in Sidama Zone, Southern Ethiopia. However, 

this result disagree with the work of Ayantu et al. (2012) who reported that at Horro district 

the main source of breeding bull is neighbroring herd in community grazing land. 

Table 29:Mating system and source of bulls in the study area 
Districts  

Mating system Jarso 

N(%) 

Goro Gutu 

N(%) 

Tullo  

N(%) 

Oda Bultum 

N(%) 

Over all 

N(%) 

Natural controlled 27(36) 22(29.3) 25(33.5) 24(32) 98(32.7) 

Natural uncontrolled 44(58.7) 48(64) 42(56) 38(50.7) 172(57.3) 

Artificial insemination 4(5.3) 5(6.7) 8(10.7) 13(17.3) 30(10) 

 

Breeding  

     

Seasonal - - - - - 

Not seasonal  75(100) 75(100) 75(100) 75(100) 300(100) 

Source of bull      

Own bull 28(37.3) 30(40) 42(56) 37(49.7) 137(45.7) 

Neighboring herd 37(49.3) 32(42.7) 26(34.7) 24(32) 119(39.7) 

Artificial insemination 10(13.3) 13(17.3) 7(9.3) 14(18.7) 44(14.7) 

N=number of respondent and number in the bracket percentage 
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4.12. Herd structure 

4. 12.1.Herd structure of Harar cattle populations 

Herd structure of Harar cattle in the study areas is presented in Table 30. This finding 

indicated that more number of bulls (1.10±0.87 heads) was found in the individual 

household herd. Farmers in the study areas were holding bull (44.55%) from the total male 

cattle number in a household herd . 

There was  significant difference among districts (p<0.0001) in bull holding per household 

in the study areas. Lowest number of oxen (castrated male) (0.35±0.71heads) are owned in 

a herd than the number of breeding bulls (1.10±0.87 heads). According to the response of 

local community they prefer bull rather than castrated male because it has less market 

preferences. Highest number of heifers were recorded in Goro Gutu district (0.73±0.76 

heads), Oda Bultum (0.71±0.69 heads) and Jarso district  (0.64±0.61heads), whereas lowest 

number of heifers were reported in Tullo district (0.39±0.54 heads) .The lowest breeding 

bulls were recorded in Tullo and Oda bultum districts the reason was most of cattle owner 

in Tullo district castrated  bulls  and used for fattening purpose, however  farmers in Oda 

bultum   protected bull from mating in order to kept it from body reduction/loss during 

mating. 

Overall mean number of lactating cow in a family herd was 1.12±0.72 heads and there was 

no significant difference among the districts (p>0.05). High (p<0.05) number of female 

cattle less than one years were recorded in Goro Gutu district (0.64±0.75 heads) and the 

lowest was observed in Jarso district (0.39±0.49). The overall mean number of herd 

structure of the male and female cattle in all districts were 2.31±1.26 heads and 3.70±1.64 

heads, respectively. 
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Table 30: Sex ,age and herd structure of Harar cattle in the study area 
 

 

Species  

Total  % Overall  

(N=300) 

Mean ± SD 

Jarso 

(N=75) 

Mean ± SD 

Goro Gutu 

(N=75) 

Mean ± SD 

Tullo  

(N=75) 

Mean ± SD 

Oda Bultum 

(N=75) 

Mean ± SD 

CV p-value 

Female <1 year 149 13.41 0.50±0.60 0.39±0.49
b
 0.64±0.75

a
 0.53±0.55

ba
 0.43±0.55

b
 119.39 0.0422 

Heifers 185 16.65 0.62±0.67 0.64±0.61
a
 0.73±0.76

a
 0.39±0.54

b
 0.71±0.69

a
 106.34 0.0050 

Dry cow 239 21.51 0.80±0.85 0.84±0.84
b
 0.71±0.75

cb
 0.52±0.74

c
 1.12±0.94

a
 103.25 0.0001 

Pregnant cow 204 18.36 0.68±0.68 0.49±0.60
b
 0.79±0.64

a
 0.68±0.64

ba
 0.76±0.80

a
 99.44 0.0364 

Lactating cow 334 30.06 1.11±0.73 1.04±0.71 1.25±0.77 1.03±0.66 1.13±0.76 65.14 0.1984 

Total female 1111 100 3.70±1.64 3. 40±1.29
b
 4.12±1.80

a
 3.15±1.35

b
 4.15±1.81

a
 42.77 <0.0001 

Breeding Female 777 69.94 2.59±1.21 2.37±1.06
bc

 2.75±1.19
ab

 2.23±1.09
c
 3.01±1.36

a
 45.54 0.0002 

Male <1 year  134 19.31 0.45±0.54 0.28±0.45
c
 0.51±0.58

ab
 0.41±0.55

bc
 0.59±0.55

a
 119.43 0.0038 

Male1-3 year 126 18.16 0.42±0.53 0.32±0.47
b
 0.37±0.54

b
 0.41±0.52b

ab
 0.57±0.57

a
 125.62 0.0234 

Breeding bull 330 47.55 1.10±0.87 1.03±0.80
bc

 1.19±0.83
ab

 0.76±0.80
c
 1.43±0.92

a
 76.46 <0.0001 

Ox 104 14.99 0.35±0.71 0.00
b
 0.00

b
 1.39±0.77

a
 0.00

b
 110.95 <0.0001 

Total male 694 100 2.31±1.26 1.63±0.93d 2.07±1.07c 2.97±1.37
a
 2.59±1.22b 50.02 <0.0001 

Breeding female include=dry cow+ pregnant cow+ lactating cow, SD=Standard deviation, CV=Coefficient of variation, 

%=percent 
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4.12.2. Effective Population Size and Coefficient of Inbreeding 

In the study area cattle graze on a communal grazing land and because of this reason, there 

would be a chance of mixing of the herds, possibility of sharing of neighboring bulls and 

mating between different herds. Therefore, the effective population size of mixed herd was 

calculated to be 926.5 and the inbreeding coefficient in combined population was estimated 

to be 0.05% (Table 31).  

According to the report of Burrow (1993 ) the average inbreeding coefficient of less than 

5% within a breeding program are considered low, with inbreeding levels of 5-10% 

generally considered more moderate levels of inbreeding and warranting more careful 

management.Therefore, the present finding revealed that the inbreeding coefficient of 

indigenous Harar cattle was very low. Inbreeding depression of economic and fitness traits 

and genetic variability reduction were caused by small effective population size (Nomura et 

al.,2001).The current study result was found to be higher than the recommended 

appropriate minimum effective population size (40) for net genetic response in cattle 

breeding for economic merit (Goddard and Smith,1990 ).The present result was also higher 

than the effective population size of mixed herd 911.3 in which the inbreeding coefficient 

in combined populations was estimated to be 0.06% for Mursi cattle (Endashew,2010).The 

minimum effective population size in order to reduce inbreeding depression and maximize 

gain in fitness through natural selection should be 30 to 250 (Meuwissen and 

Woolliams,1994) Rate of inbreeding in the study area is below the threshold level or 

maximum acceptable level (0.063) (Armstrong , 2006)    

Table 31: Herd and Effective Population Size and Inbreeding Coefficient of Harar cattle in 

the study area 

Herd Nm Nf Ne ΔF (%) 

Combined total  330 777 926.5 0.054 

Nm=Number of breeding males, Nf=Number of breeding females, Ne=effective population 

size, ΔF=inbreeding coefficient by percent 
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4.13. Cattle Fattening practice 

4.13.1. Fattening practice and type of breed used for cattle fattening in the study area 

As described in Table 32, out of the sampled household in the study areas, the majority 

(95%) of the interviewed respondent practiced cattle fattening. All of the cattle fatteners in 

the four districts (100%) were used local (indigenous) cattle for fattening purpose. Similar 

finding was reported by Tesfaye (2016) who stated that cattle fatteners in all production 

group used local breeds in Lume district, East Shoa Zone, Ethiopia. Guyo (2016) also 

reported the dominant cattle breed used for fattening in the Bonke districtof Gamo Gofa 

Zone was indigenous. The present finding disagree with the report of Fekadu et al. (2017) 

who indicated that 25.7% of the fatteners used only local breed cattle to fatten and 74.3% 

used both local and cross breeds. Whereas, Habtamu et al. (2018) stated that the cattle 

breed used for fattening purpose were local breeds (58.8%), cross breed (10.0%) and both 

local and cross breeds (31.2%) in Gondar Town.  

Most of the farmers in the study areas fatten their cattle traditionally by using natural 

pasture and crop residues (80%) as source of feed. Majority of the respondents described 

that cattle had another purpose before fattening (63%) this means they were used for 

draught service and also for milk production in all studied districts. Similarly, Tsigereda 

(2016) reported that the majority of the farmers in Hararghe use oxen for 1 to 3 years for 

plowing and then fatten them for sale. 

Table 32: Fattening practice and type of breed use for cattle fattening in the study area 
Districts 

 

Parameters 

Jarso 

N(%) 

Goro-Gutu 

N(%) 

Tullo 

N(%) 

Oda Bultum 

N(%) 

Overall 

N(%) 

Do you practice cattle fattening?      

                                  Yes 68(90.7) 72(96) 75(100) 70(93.3) 285(95) 

                                   No  7(9.3) 3(4) 0 5(6.7) 15(5) 

Do your male cattle have other 

purpose before fattening  

     

                                 Yes  44(58.7) 32(42.7) 53(70.7) 60(80) 189(63) 

                                 No  31(41.3) 43(57.3) 22(29.3) 15(20) 111(37) 
 

 



70 

 

   
 

Table 32: (Continued)  

Districts 

 

parameters 

Jarsoo 

N(%) 

Goro Gutu 

N(%) 

Tullo 

N(%) 

Oda Bultum 

N(%) 

Total 

N(%) 

Cattle fattening system      

Traditional(crop residues based ) 34(45.3) 13(17.3) 10(13.3) 3(4) 60(20) 

Traditional(crop residues and pasture 

based) 

41(54.7) 62(82.7) 65(86.7) 72(96) 240(80) 

Type of breed use for cattle  fattening      

Local/indigenous 75(100) 75(100) 75(100) 75(100) 300(100) 

N=number of respondent  

4.13.2. Source and type of cattle used for fattening 

Majority of farmers in the study areas acquire cattle from market (59%) followed by own 

production (38%) and (3% ) of them obtained from their relatives Table 33. The present 

result was supported by the study of Guyo (2016) who reported the major source of 

fattening cattle in Bonke district of Gamo Gofa Zone was through purchasing from market 

(69.1%) followed by raising at home (24.2%). This finding was in line with the finding of 

Tesfaye (2016) who reported that traditional fatteners mainly use their own animal from 

their herds and the semi intensive and intensive fatteners purchase animals for fattening. 

The present result was disagree with the study of Belay (2013) who reported the sources of 

fattening cattle are culled oxen due to old age or being unproductive female from their own 

farm and immediate purchase for fattening purpose and Fekadu et al.(2017) reported the 

sources of cattle’s to be fattened were only market. 

The most preferred animals for fattening are young bulls (uncastrated male) in Oda Bultum 

district (100%), Jarso district (94.7%) and Goro Gutu district ( 92%), which this was in line 

with the idea of  the relatively shorter time needed to fatten young and uncastrated  animals 

than castrated animals.In contrary preferred animal for fattening was matured oxen( 86.6%) 

in Tullo district this is due to farmers pereference. According to the local elders response in 

Jarso, Goro Gutu and Oda Bultum districts, castrated animals are not used for fattenning. 

This is mainly due to very low market demand for castrated animals and the meat of 

castrated animals is very rough in view of farmers and buyers. 
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 According to Tesfaye (2016) the most preferred animal for fattening was old oxen (56.7%) 

in the traditional fattening system while young bulls (20.8%) in semi commercial and 

intensive fatteners which was in consistent with the current finding. This finding disagree 

with the study of Habtamu et al. (2018) who reported the majority of the respondents 

preferred for matured bull (65.0%) and remaining proportion preferred old oxen (35%) in 

Gondar town. 

Table 33: Source, preferred and type of cattle used for fattening in the study area 

 Jarso  Goro Gutu  Tullo  Oda Bultum Overall  

Variables Freq % Freq % Freq % Freq % Freq % 

Source of cattle fattening 

Own production 34 45.3 32 42.7 27 36 21 28 114 38 

Gift  from relatives 3 4 2 2.7 4 5.3 0 0 9 3 

Purchased form 

market 

38 50.7 41 54.7 44 58.7 54 72 177 59 

The recommended cattle  fattening 

Castrated 0 0 0 0 75 0 0 0 75 25 

Non-castrated 75 100 75 100 0 0 75 100 225 75 

 preferred cattle           

Young bull 71 94.7 69 92 8 10.7 75 100 223 74.3 

Matured oxen 0 0 0 0 65 86.7 0 0 65 21.7 

Heifer 0 0 1 1.3 2 2.7 0 0 3 1 

Culled cow 4 5.3 5 6.7 0 0 0 0 9 3 

4.13.3. Frequency, duration and decision to end fattening 

According to the survey result majority of the respondents in the study areas were fatten 

cattle once a year (72.3 %) (Table 34). The reason why once a year was lack of adequate 

grazing land and water shortage as stated by the focus group discussion. The remaining 

(27.7%) of the respondents fatten their cattle twice a year (Table 34). The duration of cattle 

fattening was for four months (33%), five months (26.7%), three months (22.3%) and six 

months (18%) as reported by the respondents in all studied districts (Table 34).The present 

result was in line with the study of Teshager et al. (2013) who reported frequency of 

fattening was once per year (64.6%), twice per year (32.7%) and thrice per year (2.7%). 

The duration of fattening was 4-9 months (46.6%), 10-15 months (7.8%) and greater than 

16 months (45.6%) in different Agro-Ecologies of Ilu Aba Bora Zone, Oromia, Ethiopia.  
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Ahmed et al. (2010) noted that most of the farmers fattened cattle for 3-6 months (79.1%) 

and the rest fattened for a prolonged period. The current study was slightly in agreement 

with the work of Fekadu et al. (2017) who indicated that farmers keep fattening cattle for 

two (40%), three (38.6%) and above three (21.4%) months, respectively in Gondar town. 

Duration of 3 to 4 months of fattening length is also reported in commercial beef fattening 

farms (Tsegay and Mengistu, 2013). 

According to the responses from the respondents in the study area decision of ending  

of fattening period was made by considering live weight change of the animals (79%) and 

the rest anticipated current and future price (21%)  (Table 34 ). The present result was in 

line with the study of Shewangzaw (2016) who reported the durations for fattening to end 

at 3 months (83.33%), 3.5 months (13.33%) and 4 months (3.33%) and deciding finishing 

period of fattening cattle was based on considering rate of live weight change (56.67%), 

while 40% of them were anticipated current and future prices, and the rests, by calculating 

feeding length (3.33%). Comparable result was also reported by Getachew et al. (2017) 

where fattenned cattle were offered to market by considering rate of weight change(45.9%) 

followed by anticipated current and future prices (28.8%), feeding length and live weight 

change (12.8%) and calculating feeding length (11.2%) in Moretna Jiru district, North Shoa 

Zone, Amhara Regional State, Ethiopia.  

However, this finding disagree with the work of  Gezu et al. ( 2014) who reported cattle 

fattener to decide the end of finishing period by anticipated current and future (52.8%, 

63.1%) price and by considering rate of live weight change (44.7% and 33.2%) and 

calculating feeding length (2.5% and 3.7%), respectively in lemo and soro districts, Hadya 

zone, Southern Ethiopia. 
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Table 34: Frequency, duration and decision of end of fattening in the study area 
 

Variables  

Jarso Goro Gutu  Tullo  Oda Bultum Over all 

Freq % Freq % Freq % Freq % Freq % 

Frequency of fattening per year 

Once per year 55 73.3 47 62.7 53 70.7 62 82.7 217 72.3 

Two-times per year 20 26.7 28 37.3 22 29.3 13 17.3 83 27.7 

Duration of fattening 

Three month 16 21.3 19 25.3 10 13.3 22 29.3 67 22.3 

Four month 20 26.7 24 32 25 33.3 30 40 99 33 

Five month 28 37.3 20 26.7 22 29.3 10 13.3 80 26.7 

Six month  11 14.7 12 16 18 24 13 17.3 54 18 

Decision of end of fattening  

Live weight change  62 82.7 53 70.7 58 77.3 64 85.3 237 79 

Anticipated current 

and future price 

13 17.3 22 29.3 17 22.9 11 14.7 63 21 

Freq =frequency 

4.13.4. Responsibilities of family in cattle fattening activities, season and important 

age group for fattening in the study areas 

According to the respondents high responsibility for cattle fattening was beared by the 

husband (80.7%) followed by sons and daughters (12.3%) and wife (7%). Majority of the 

farmers were fatten cattle during rainy and dry season (49.3%), followed by long rain 

season (32.3%), dry season (11.3%) and short rain season (7%) in all study districts (Table 

35).  

Farmers in all the districts of the study area reported that they fatten animals with age of 

three to four years(44.7 %), four to six years (37.7%) and two to three years (17.7%)  

(Table 35). The reason that the majority of farmers fatten animals with age of 3-4 years is at 

this age animals grow fast and their meat quality high in the view of farmers. This findings 

were in agreement with the work of Fraol et al. (2018) who reported that the majority 

(60.8%) of the farmers in Waliso, Oromia regional state, Ethiopia prefer animals over 4 

years of age for fattening purpose. However, the current result disagree with the report of 

Shewangzaw (2016) who reported the age  of cattle fattening in north Gondar was 6-7 years 

(26.27%), 7-8 years (53.33%) and above 8 years (20%). 
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Table 35: Responsibilities of family in cattle fattening practices, season and important age 

group for fattening reported by the respondents in the study area 
Districts 

 Responsible members of HH for 

cattle fatting 

Jarso 

N(%) 

Goro Gutu 

N(%) 

Tullo 

N(%) 

Oda Bultum 

N(%) 

Total 

N(%) 

Husband 63(84) 57(76) 60(80) 62(82.7) 242(80.7) 

Wife 8(10.7) 6(8) 5(6.7) 2(2.7) 21(7) 

Sons and daughters 4(5.3) 12(16) 10(13.3) 11(14.7) 37(12.3) 

Season of cattle fattening      

Long rainy season 23(30.7) 34(45.3) 21(28) 19(25.3) 97(32.3) 

Short rainy season 11(14.7) 6(8) 5(6.7) 12(16) 34(11.3) 

Dry season 3(4) 7(9.3) 2(2.7) 9(12) 21(7) 

Rainy and dry season 38(50.7) 28(37.3) 47(62.7) 35(46.7) 148(49.3) 

Age group of  HH for fattening       

2-3 years 21(28) 19(25.3) 0 13(17.3) 53(17.7) 

3-4 years 36(48) 41(54.7) 6(8) 51(68) 134(44.7) 

4-6 years 18(24) 15(20) 69(92) 11(14.7) 113(37.7) 

HH=Household 

4.13.5. Ownership of fattening cattle in the family  

The result of this study indicated that the overall ownership of fattening cattle in the study 

districts was by husband and wife (52.7%) followed by husband (39.3%) and wife (8%) 

(Table 36 ). The ownership of fattening cattle in the study districts indicated that both 

husband and wife were owners in Tullo district (69.3%) followed by Gorogutu district 

(56%), Oda Bultum district (52 %) and Jarso district (33.3%). In Jarso husbad is the owner 

of fatten cattle this is due to in  occurrence of the husband in the house, the role of wife as 

owner is minor. Similar report by Daniel et al. (2017) showed that most of the fattening 

cattle were owned by husband and wife in western Hararghe zone. The present findings 

indicated that the role of wife as cattle owner is less in all studied districts. 
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Similar report by Daniel (2008) in Borena, with the presence of the husband in the house, 

the role of the wife as the owner is less, which is only 5%. 

Table 36:Ownership of fattening cattle in the study areas 
  Districts    

 

Ownership of cattle  

Jarso 

N(%) 

Gorogutu 

N(%) 

Tullo 

N(%) 

Odabultum 

N(%) 

Overall  

N(%) 

Husband 39(52) 28(37.3) 17(22.7) 34(45.3) 118(39.3) 

Wife 11(14.7) 5(6.7) 6(8) 2(2.7) 24(8) 

Husband and wife 25(33.3) 42(56) 52(69.3) 39(52) 158(52.7) 

N=number of household 

4.13.6. Major feed resources used for cattle fattening  

Major feed resources in the study areas are summarized in Table 37. In Ethiopia the main 

feed resources are natural pasture, fallow land and stubble grazing and crop residues 

(Belete, 2009). According to the response of the respondents from all studied districts the 

major feeds given for the fattening cattle include crop residues (44.3%) followed by natural 

pasture (31%), concentrate (14.7%) and hay (10%). Crop residues of mainly sorghum and 

maize stover, wheat and barley straw were given to the fattenning cattle as reported by 

focus group discussion. Thus, farmers were forced to use crop residues such as cereal 

straws, legume haulms, and maize and sorghum stovers as the main livestock feed 

resources in order to reduce the limitations of feed scarcity.The current result was slightly 

comparable with the work of Yidnekachew et al. (2016) who reported that the major feeds 

for cattle fattening were crop residues, false banana, and local beverage by products in 

south omo zone of southern  nations nationalies people region. 

Table 37: Major feed resource used for cattle fattening reported  by the respondent 

  Districts     

 

Feed resource 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

Natural pasture 22 29.3 25 33.3 19 25.3 27 36 93 31 

Crop residues  41 54.7 29 38.7 33 44 30 40 133 44.3 

Hay  5 6.7 17 22.7 14 18.7 8 10 44 14.7 

Concentrate 7 9.3 4 5.3 9 12 10 13.3 30 10 

N=number of household 
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4.13.7. Feeding practices of fattening cattle 

The overall feeding methods of cattle in the study areas are cut and carry (62.7%) followed 

by tethering (22.7%) and herding (14.7%) (Table 38). This study revealed that herding of 

cattle was uncommon in all districts of the study areas because of the lack of available 

grazing land due to expansion of cultivation land and limited communal grazing. Similar 

report by Bikila and Tigist (2016) indicated that in Haramaya district majority of the 

respondents (73%) use cut and carry (zero grazing). According to the responses from focus 

group discussion, farmers do not let their fattening cattle to graze because they were 

frightened of damage by other animals. 

Table 38: Feeding practice of fattening cattle in the study area 
  Districts     

Feeding methods Jarso  

N(%) 

Goro Gutu 

N(%) 

Tullo  

N(%) 

Oda Bultum 

N(%) 

Over all 

N(%) 

Cut and carry/zero grazing 55(73.3) 34(45.3)) 58(77.3) 41(54.7) 188(62.7) 

Tethering  12(16) 26(34.7) 10(13.3) 20(26.7) 68(22.7) 

Herding  8(10.7) 15(20 7(9.3) 14(18.7) 44(14.7) 

N=number of respondent  

4.13.8. Feed shortage, season of occurrence and available options to overcome the 

shortage in the study area 

As indicated in table 39 the current findings showed that generally there is feed shortage, 

but it is severe during dry season of the year in the study areas. This finding was consistent 

with the finding of Seid and Berhan (2014) who described that critical months for feed 

shortage were starting from mid-January until mid-April. Gezu et al. (2014) reported that 

feed shortage of livestock occurred in season from March to May in Lemo and Soro 

districts of Hadiya zone of southern Ethiopia. According to information obtained from the 

respondents, during severe dry seasons, there is a serious feed and water shortage and as 

coping mechanism cattle fatteners (farmers) were storing feed (54.7%) such as crop 

residues and grass, by purchasing feed (31.3) and by reducing number of their 

animals(14%)  in all studied districts (Table 39). 



77 

 

   
 

 Most of the respondents in all study districts were used storing feed as the major solution 

of alleviation feed shortage during dry season of the year. To compensate for the shortage 

of feed, farmers purchase mostly concentrate feed like maize flour, wheat bran and 

industrial by products like molasses. Crop residues mostly sorghum and maize were feed 

that are given to fattening cattle. The current result agree with the finding of  Gezu et al. 

(2014) who reported feed storage of during the period of surplus, use of browse trees, and 

purchase of supplementary feeds in Lemo and Soro district. 

Table 39: General condition of feed shortage for cattle fattening in the study areas 
  Districts     

Do you faced feed shortage Jarso  

N(%) 

Goro Gutu 

N(%) 

Tullo  

N(%) 

Oda Bultum 

N(%) 

Over all 

N(%) 

                                    Yes 75(100) 75(100) 75(100) 75(100) 300(100) 

                                     No - - - - - 

Season of feed shortage occurred       

Dry season 63(84) 55(73.3) 67(89.3) 70(90.3) 255(85) 

Both dry and wet season 12(16) 20(26.7) 8(10.7) 5(6.7) 45(15) 

 Coping mechanism      

Stored feed  40(53.3) 42(56) 35(46.7) 47(67.7) 164(54.7) 

Purchasing  feed 21(28) 25(33.3) 30(40) 18(24) 91(31.3) 

Reduction of stock during feed 

 Scarcity(destocking) 

14(18.7) 8(10.7) 10(13.3) 10(13.3) 42(14) 

N=number of household (%) 

4.13.9. Water source and watering frequency in the study area 

According to the responses of the respondents the most important source of water for 

animal consumption in the study districts are ponds, spring and river water. During rainy 

season the majority of respondents (61.7 percent) use river water for their animals however, 

the remaining 21.3, 13.7 and 3.3 percent use ponds, rain water and spring, respectively in 

the study area. During dry season of the year ponds are the main water source in Jarso 

(80%, Goro Gutu (66.7%) ,Tullo (54.7%) and Oda Bultum  district (70.7%), while in the 

same season as indicated by respondents of Tullo, Oda Bultum ,Goro Gutu and Jarso 

districts  use 38.7, 16.0, 13.3, and 5.3% river water respectively for their animals (Table 

40). Similarly Tesfaye (2016) reported pond water as the major water source in traditional 

(42%) and semi intensive (50%) fattening system in Lume district of east Shoa, Ethiopia.  
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The overall watering frequency for matured cattle in the study areas were found to be  twice 

per day (78.6%), once per day (19) and three times per day (2.3%), during dry season of the 

year. But during wet season of the year the watering frequency for matured cattle were once 

per day (80.3 %) and twice per day (19.7%) in all districts (Table 40). Similar report by 

Habtamu (2017) described watering frequency of adult cattle twice per day (83.3%) and 

once per day (16%) in dry season. While the overall watering frequency of adult cattle were 

once per day(58%) and twice per day (42%) in wet season in selected area of Benishangul 

gumuz, western Ethiopia. 

Table 40: Water source and watering frequency of cattle 
Districts 

Parameters 

 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

Water source for livestock during rainy season 

River 37 49.3 46 61.3 52 69.3 50 66.7 185 61.7 

Pond 25 33.3 15 20 8 10.7 16 21.3 64 21.3 

Spring 5 8.7 0 0 3 4 2 2.7 10 3.3 

Rain water 8 10.7 14 18.7 12 16 7 9.3 41 13.7 

Water source for livestock during dry  season 

River 4 5.3 10 13.3 29 38.7 12 16 55 18.3 

Pond 60 80 50 66.7 41 54.7 53 70.7 204 68 

Spring 11 14.7 15 20 5 6.7 10 13.3 41 13.7 

Frequency of water during rainy season 

Once per day 62 82.7 54 72 60 80 65 86.7 241 80.3 

Twice per day 13 17.3 21 28 15 20 10 13.3 59 19.7 

Frequency of water during dry season 

Once per day 17 22.7 19 25.3 13 17.3 8 10.7 57 19 

Twice per day 56 74.7 53 70.4 60 80 67 89.3 236 78.6 

Three times per day 2 2.7 3 4 2 2.70 0 0 7 2.3 

N=number of respondent 

4.13.10. Housing of Fattening Cattle 

The common purposes of housing are protecting animals from climatic stress, providing 

protection against losses by predators and theft, making management easier and saving 

labor (Girma, 2009). As indicated in Table 41, all of the interviewed households in the 

study area were providing house for their animals.  



79 

 

   
 

The majority of respondents housed their animal in separately constructed house (51.7%) 

and the remaining 27 and 21.3 % households kept their livestock inside their residence with 

the family and home stead shades respectively. Most of the farmers in Jarso district house 

their cattle in living room with the family(58.7%) but the rest (41.3) of them were 

separately constructed for their animals.In contrary majority of cattle fatteners in Goro 

Gutu (70.7%),Tullo (49.3%) and Oda Bultum (45.3) districts  constructed houses separately 

for their animals.This finding was comparable with the finding of Guyo (2016) who 

reported that housing of fattening cattle were housing in the living room with the family, 

corrals and barn in Bonke district, Gamo gofa zone and also Fikru (2015) reported that 

most of the fatteners keep their fattening cattle at home stead shed that was constructed for 

cattle separately.   

Table 41: Housing of fattening cattle in the study area 
Districts 

 

Parameters 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

Do you provide house for your cattle  

                         Yes 75 100 75 100 75 100 75 100 75 100 

                         No  - - - - - - - - - - 

Cattle housing            

In living room with the family 44 58.7 22 29.3 4 5.3 11 14.7 81 27 

Separately constructed house 31 41.3 53 70.7 37 49.3 34 45.3 155 51.7 

Home stead shades 0 0 0 0 34 45.3 30 40 64 21.3 

N=number of respondent 

4.13.11. Marketing System of Fattening Cattle 

4.13.11.1. Selling Location of Fattened Cattle 

The majority of cattle fatteners in Jarso district sold their fattened cattle in the district 

market (Ejersa Goro town) (78.7%), while the rest 21.3% sell out of their district (Kombola

cha district, Malka Raffu) which is the neighbor district and at Harar city (Table 42). The 

majority of cattle fatteners in Goro Gutu district also sold their fattened cattle in their 

district market (Karamile town) (92%) while the rest 8% sell out of their district (Tullo 

district, Hirna town). 
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 Fatteners in the Tullo district also sold their animals at local market (Hirna town) 85.3%, 

whereas the remaining 14.7% of them sell at Chiro city and cattle fatteners in Oda Bultum 

district also sell their animals at Bedessa town (97.3%), while only 2.7% of them sell out of 

their district. Overall, the majority (88.3%) of samples households sell their animals at the 

respective district market and the rest 11.7% households sell out of their district 

(neighboring district and  zonal town). The current result was in agreement with the finding 

of Fikru (2015) who reported that selling  place of fattened cattle was undertaken at nearest 

local market. 

Table 42: Selling place of fattening cattle 
Districts 

 

Selling place  

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

In the district market 59 78.7 69 92 64 85.3 73 97.3 265 88.3 

Out of district market  16 21.3 6 8 11 14.7 2 2.7 35 11.7 

N=number of respondent  

4.13.11.2. Transporting and marketing distance of fattened cattle 

The results of this study showed that 99% of the respondents in the study areas transported 

their fattened cattle by trekking to the market place (Table 43). Similar result was reported 

by Kassahun et al.(2017) all of the cattle fatteners (100%) were used trekking in Kombolch

a town, South Wollo Zone, Ethiopia. Comparable result was reported by Getachew et al. 

(2017) who stated that most fattened cattle travel by foot to and from cattle market in 

Moretna Jiru district, North Shoa Zone, Amhara Regional State, Ethiopia. However, the 

current finding was disagree with the study of Fekadu et al.(2017) who reported that 44.3% 

of  cattle owners transport the fattened animals with vehicle, while the remaining 55.7% 

was transported on foot. 

 Majority of farmers in Jarso district was walking 11-20 km (54.7%), 5-10 km (26.7%) and 

21-30km (16%) from the cattle marketing area. Farmers in Gorogutu district most of them 

walking 11-20km (61.3%), whereas in Oda Bultum district  farmers were walking 21-30km 

(36%) from the marketing areas. 
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 In Tullo district also majority of cattle fatteners walk 11.20km from marketing area. 

Comparable study was reported by Getachew et al. (2017) most participants (75%) travel 

more than 30 kilometers on foot to buy and sell fattened cattle in Moretna Jiru District, 

North Shoa Zone, Amhara Regional State, Ethiopia. Teshager et al .(2013) reported that 

farmers travel for minimum of distance (4km) and the maximam of 18 km  to reach 

marketing place in  Ilu Aba Bora Zone, Oromia, Ethiopia which was slighty comparable 

with this finding .  

Table 43: Marketing distance and means of transporting fattening cattle in the study area 
Districts 

 

Distance 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

5-10 km 20 26.7 26 46 7 9.3 25 33.3 78 26 

11-20 km  41 54.7 46 61.3 35 46.7 23 30.7 145 48.3 

21-30km 12 16 3 4 30 40 27 36 72 24 

31-40km 2 2.7 0 0 3 4 0 0 5 1.7 

Means of transporting           

Trekking 75 100 75 100 72 96 75 100 297 99 

Trucking  0 0 0 0 3 4 0 0 3 1 

N=number of respondent  

4.13.11.3. Market information 

Market information is crucial to reduce information gaps and uncertainties that exist in the 

agricultural sector Yidnekachew et al. (2016). It is required by producers in their planning 

of production and way of marketing the products. The overall percentage of sources of 

market information in the study area was presented in Table 44 indicated that out of the 

sampled households in the study areas the majority (98%) households get about cattle 

market information before and after fattening their animals (Table 44). This finding in is 

agreement with the report of Daniel (2008), who reported 92% of the respondents in 

Borana zone get market information before they sell their cattle and Teshager et al. (2013) 

also reported that the majority (72.8%) of respondents in different agro-ecologies of Ilu 

Aba Bora Zone obtain market information before they sell their cattle. However, the  

present finding disagree with the study of Guyo (2016) who reported that most of the 

smallholder producers do not get access to market information before selling their cattle in 

bonke district of Gamo gofa zone. 
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Out of the sample households 49.3% of the respondents get market information by visiting 

market themselves, 29 % from their neighbors, 11.3 % from extension agents and 10.3 %  

from their relatives. The current result was comparable with the study of (Getachew et al., 

2017) who reported Fattened cattle producers obtain different market information from 

market visit, neighbors, extension agents, cooperatives, traders and brokers in Moretna Jiru 

district, North Shoa Zone, Amhara Regional State, Ethiopia. This finding was slightly 

comparable with the work of Habtamu et al. (2018) who reported that most of the 

households use relatives (43.8%), Neighbors (50.0%), cooperatives members (3.7%) and 

own market visit (2.5%).   

Table 44: Source of market in the study area 
Districts 

 

parameters 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

Do you get market information           

             Yes  71 94.7 73 97.3 75 100 75 100 294 98 

              No  4 5.3 2 2.7 0 0 0 0 6 2 

Source of market information 

From extension agent 4 5.3 9 12 11 14.7 10 13.3 34 11.3 

Relatives 6 8 11 14.7 10 13.3 4 5.3 31 10.3 

Neighbors 23 30.7 26 34.7 15 20 23 30.7 87 29 

Own market visit 42 56 29 38.7 35 46.7 35 46.7 148 49.3 

N=number of respondent  

4.14. Draught power supplementation 

As indicated in Table 45 out of the total sample households 52, 72, 54.7 and 38.7 % in 

Jarso, Tullo , Oda Bultum and Goro Gutu districts respectively used bulls for draught 

purpose before fattening.  According to focus group discussion farmers use bulls for one to 

three years for draught with supplementation and then they fatten them. Similar finding was 

reported by Tsigereda (2016), majority of farmers in Hararghe use oxen for 1 to 3 years for 

plowing and then fatten. The overall average age of bulls to reach for draught as reported 

by the respondents was 4.20±0.04 years in study areas. The overall average work lifetime 

of bulls was reported as 3.19±0.04 years (Table 46) this is due to that the cattle owners use 

these bull for fattening purpose after the three years and then put them into fattening for 

selling. 
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Table 45: Use of bull for draught power supplementation 
Districts 

 

parameter 

Jarso Goro Gutu Tullo  Oda Bultum Over all 

N % N % N % N % N % 

Do you use bulls for draught power           

             Yes  39 52 29 38.7 54 72 41 54.7 163 54.3 

              No  36 48 46 61.3 21 28 34 45.3 137 45.7 

N=number of respondent  

Table 46:Average age of bulls to reach for draught and work life time of bull 

 Districts     

 

Parameters 

Jarso 

Mean ± SE 

Goro Gutu 

Mean ± SE 

Tullo  

Mean± SE 

Oda Bultum 

Mean  ±SE 

Over all 

Mean ± SE 

Average age of bull  reach for 

draught (in year)  

4.35±0.10 4.25±0.06 4.17±0.05 4.04±0.05 4.20±0.04 

Average working lifetime  of 

bulls 

3.27±0.08 3.37±0.09 3.33±0.09 2.80±0.07 3.19±0.04 

SE=Standard error  

4.15. Major diseases of fattening cattle in the study areas 

Diseases have numerous negative impacts on productivity of herds i.e. death of animals, 

loss of weight, slow down growth, poor fertility performance, decrease in physical power 

etc.(CSA, 2012).The report of Tajebe et al. (2011) indicated that economic losses due to 

diseases and parasites have quadruplet their effects further when factors such as feed 

shortage, poor management practices and environmental factors are prevalent. The 

interviewed farmers in the study areas were able to identify the disease that affects their 

animals by recognizing the common symptoms through experience.  

The major prevalent diseases described by respondents are Blackleg, pasterullosis, mastitis 

and anthrax and parasite locally known as Abba gorba, Gororsa, Jigoo,Abba sanga and 

maxxantota respectively. The local communities reported that Black leg (35.7%) and 

pasteurellosis (31.7%) are the most important cattle diseases that cause significant losses 

through cattle death and reduction of production (Table 47).This finding was in line with 

the study of (Guyo, 2016) who reported the major diseases of cattle  were trypanosomosis, 

anthrax, blackleg, pasteurollosis and Foot & Mouth Disease in Bonke district. 
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Contrary result was reported by (Shitahun, 2009) the major diseases that affect cattle 

fattening in Bure district were Trypanosomiasis (30.72%), Liverfluke (22.88%), Lungworm 

(20.92%), and Anthrax (12.42%). 

According to focus group discussion with local elders theses diseases mostly occur during 

short rainy season (March to May), when the situations of animals is poor due to 

insufficient feed accessibility during preceding dry period .External parasite infestation was 

reported to be high during  wet season of the year in the studied districts. The report from 

group discussion with local elders indicated that in order to overcome animal health 

problems, adequate health extension service should be established in each kebeles. 

Table 47: Major cattle disease reported by the respondents in the study area 
 

Variables  

Jarso Goro Gutu  Tullo  Oda Bultum Over all 

Freq % Freq % Freq % freq % Freq % 

Black leg(Abba gorba) 33 44 26 34.7 25 33.3 23 30.7 107 35.7 

Pasteurellosis(Gororsa) 27 36 21 28 30 40 17 22.7 95 31.7 

Mastitis(Jigoo) 8 10.7 22 29.3 18 24 27 36 75 25 

Anthrax(Abba sanga) 7 9.3 2 2.7 2 2.7 8 10.7 19 6.3 

parasite (Maxxantoota) 0 0 4 5.3 0 0 0 0 4 1.3 

4.16. Access to veterinary service in the study area 

As indicated in figure below majority of the community in all study districts reported that 

they get veterinary services (84.7%) for their animals. According to focus group discussion 

majority of cattle producers get veterinary service by walking  three to eight  km to reach 

the nearest veterinary service center.In the study areas most of cattle fatteners use 

government veterinary clinics (85.7 %) and the remaining 14.3% use from open market 

(private) (Figure 6). This finding was comparable with the result of Shitahun (2009), who 

reported that due to establishment of health centers in nearby kebeles, farmers access 

veterinary services within 5 km distance in Bure area. 
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Figure 5: Summary of use of veterinary services in the study areas 

 

Figure 6: Types of veterinary clinic 
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4.17. Challenge of cattle fattening in the study area 

Consideration of the relative significance of the different constraints for cattle production 

was basic priority to beginning any genetic improvement program (Mulugeta ,2015). 

Before starting any genetic improvement programs in any production system it is basic to 

identify the constraints that hinder the production and productivity of cattle (Dereje,2015). 

The major challenges that faced the cattle fatteners (farmers) in the study areas are shortage 

of feed and water, disease and parasite problem, lack of improved forage were ranked first, 

second and third with index values of 0.45, 0.23 and 0.18 respectively (Table 48). This 

study indicated that in all districts of study areas farmers indicated lack of animal feed to be 

the main significant factors that limits productivity of their cattle.  

Feed and water shortage due to unpredictable rainfall are the major constraints to cattle 

fattening in all districts of  the study area. This finding is in line with the issue reported by 

Tessema et al.(2003) who that stated about seasonal variations in feed quality and quantity 

are the main limitations to animal production and cause fluctuation in productivity 

throughout the year, particularly in the dry seasons during which feed is limited. The 

current result was supported by the report of Yadeta (2018) who stated  feed shortage,  

water scarcity  and diseases were the major problems in their order of importance, ranked 

first (0.52), second(0.33) and the third(0.15) in Fentale and Boset districts of east Shoa 

zone, Oromia regional state . 

 Mulugeta  (2015) reported for Begait cattle among the constraints feed shortage, diseases 

and water shortage were the most important problems ranked first, second and third with 

different index values, respectively. Also the present study was in agreement with Yisehak 

et al., 2013) reported feed supply shortage problem was ranked first followed by animal 

diseases in Jimma zone, Southwestern Ethiopia and Genet et al., (2017) reported in east 

Shoa zone lack of feed, water scarcity, marketing problems and animal health problems 

were the primary constraints to run the fattening operations in all the scale of production.  



87 

 

   
 

Similar results were also described by Fraol et al.(2018) reported  shortage of feed (85%), 

animal diseases (69.2%) and lack of credit services are among the major constraints 

observed for fattening beef cattle in and around Waliso ,Oromia regional state, Ethiopia. 

The absence of improved forage, lack of improved breeds of cattle, market problem, 

absence of credit services, inadequate veterinary services in the area and lack of extension 

services were also some of the constraints observed in the study area. According to report 

from key informants and elders feed shortage was mostly due to shrinkage of grazing land 

as result of cultivation, environmental degradation and increasing human population in 

study areas. Solomon (2010) showed that in pastoral and agro pastoral area of Borana zone 

the main constraints to cattle production are recurrent drought feed and water shortage, 

disease, market problem and genetic erosion.  

Shewangizaw et al.(2014) reported that lack of initial capital as first ranked constraint 

,while lack of credit provision, unavailability and poor quality of feed, lack of awareness 

and land shortage were the second, third ,fourth and fifth ranked constraints of cattle 

fattening in southern region of Ethiopia, respectively. Shewangzaw (2016) also reported  

Lack of initial capital, shortage of feed and water, insufficient land, occurrence of diseases 

and lack of awareness (40, 26.67, 16.67,10 and 6.67% respectively) being the  major 

constraints that affect cattle fattening in Gondar zone, north western Ethiopia. The present 

finding was in line with the study of Fekadu et al.(2017) who  reported the main constraints 

of beef cattle production in Gondar town as prioritized by respondents were 8.6%, 

50.0%,5.7%, 14.3 and 21.4% showed that local feed shortage, high cost of commercial 

feed, shortage of land, disease and lack of credit respectively. 
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Table 48:Major constraints of Cattle fattening ranked in the order of their importance in the 

study areas 
Districts Constraint Rank 1 Rank 2 Rank 3 Index 

Jarso Feed and water shortage 52 9 2 0.39 

 Lack of improved forage 10 39 32 0.24 

 Disease and parasite 13 20 15 0.21 

 Lack of improved breeds  0 3 7 0.10 

 Market problem 0 4 19 0.06 

Goro Gutu Feed and water shortage 63 12 6 0.49 

 Disease and parasite 8 35 8 0.23 

 Lack of veterinary service 4 13 28 0.15 

 Lack of improved breeds  0 9 14 0.07 

 Lack of improved forage 0 3 9 0.03 

 Market problem 0 3 10 0.04 

Tullo Feed and water shortage 49 16 3 0.40 

 Lack of improved breeds  5 11 20 0.13 

 Lack of extension service 0 4 17 0.06 

 Lack of improved forage 0 7 6 0.04 

 Disease and parasite 16 30 16 0.28 

 Market problem 5 7 13 0.09 

Oda Bultum Feed and water shortage 65 11 7 0.50 

 Lack of credit service 0 1 14 0.04 

 Lack of improved breeds  0 21 15 0.13 

 Lack of improved forage 0 9 26 0.10 

 Disease and parasite 7 29 8 0.19 

 Market problem 3 4 5 0.05 

Over all  Feed and water shortage 229 48 18 0.45 

 Lack of improved breeds 0 28 42 0.05 

 Lack of improved forage 19 84 106 0.18 

 Disease and parasite 44 114 47 0.23 

 Market problem 8 18 47 0.06 

 Lack of veterinary service 0 3 9 0.008 

 Lack of extension service 0 4 17 0.013 

 Lack of credit service 0 1 14 0.009 
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5. SUMMARY AND CONCLUSION 

The study was conducted in four districts (Jarso and Goro Gutu from eastern Hararghe and 

Tullo and Oda Bultum from western Hararghe) Oromia Regional State, Ethiopia, with the 

objectives to phenotypically characterization of local cattle population and to characterize 

breeding,husbandry and fattening practices of Harar cattle in the study areas. Data 

collection were carried out through semi-structured questionnaire, focus group discussions, 

discussion with key informants, field observations and quantitative and qualitative 

measurements such as linear body measurements of sample indigenous Harar cattle. 

Moreover, secondary data was collected from different sources and used in the study. The 

result of the study revealed that majority of respondents were male headed households 

(92.3%) and female headed households (7.7%). The most important source of household 

income was from crop-livestock production (86.7%) followed by livestock production 

(10%) and crop production (3.3%) separately. The overall mean livestock possessed per 

households were 6.01±0.11, 5.22±0.10, 3.42±0.08, 0.89±0.04 and 6.48±0.15 for Cattle, 

Goats, Sheep, Donkey and chicken, respectively.  

The collected qualitative data revealed that indigenous Harar cattle have a distinctive  

feature which can differentiate them from other indigenous cattle type. Coat color of female  

Harar cattle is mainly white grey, white and red and the dominant coat color in male is 

roan, white grey and red. Hump size in male cattle is small to large and small in female. 

Their horns are curved and straight. Few polled is observed in female sample populations 

but not observed for males.  

Their ear shape are straight edged with laterally oriented. Dewlap is medium and straight 

facial profile. Perpetual sheath for bulls are small to medium and naval flap for cows are 

also small to medium. The male Harar cattle possess large hump size (57.2%) and medium 

(35.7%), while majority of female cattle possess small hump size (93.1%).The collected 

quantitative data revealed that the average chest girth, body length , height at withers and 

pelvic width  in the present study for male cattle population were found to be 

163.52±1.55, 125.26±0.66, 121.32±0.47 and 39.60±0.55cm,respectively with body weight 

of 280.43±3.45kg.  
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Whereas,the average measured value for body length,chest girth, height at withers and 

pelvic width were 118.73±0.49, 144.53±0.59, 116.39±0.38 and 36.84±0.26 cm respectively 

with body weight of 257.12±1.63kg for female Harar cattle. 

For female Harar cattle age at first mating, age at first calving ,calving interval 

,reproductive life time of cow and total calves born per cow life time were 3.57±0.61, 4.48±

0.68, 1.94±0.67, 12.03±3.04 and 5.81±1.89 years respectively. The correct classification for 

female sample population into their district ranged from 42.57%  to  68.32%, while in case 

of male it was ranged from 71.43% to 90.48%. The highest correct classification was 

recorded in Jarso district while the least correct classification was noted Goro Gutu district 

in case of female. However; Jarso had the least correct classification whereas Goro Gutu 

district had the highest correct classification in male sample population 

The all squared Mahalanobis' distances between districts for both sex of cattle populations 

were showed highly significant different (p<0.0001). In female sample population the 

longest distance (3.77) was measured between Jarso and Tullo districts, whereas the 

shortest distance (1.62) was measured between Goro Gutu and Oda Bultum districts. While 

in male sample population the shortest distance (6.41) was perceived between Goro Gutu 

and Jarso districts however, the longest distance (12.15) was observed between Jarso and 

Oda Bultum districts. This shows that the sample populations from Goro Gutu and Oda 

Bultum districts were not more different in the group quantitative features under 

consideration. 

The majority of the respondents in all study districts were select both breeding male (92%) 

and breeding female (83.7%). The most important favored criteria to select breeding bulls 

was large body size followed by body conformation, coat color and hump size with the 

index of 0.48, 0.35, 0.12 and 0.03 respectively. The most important traits in selecting 

breeding female were milk production, body conformation, udder shape plus teat size and 

good temperament. The farmers give first preference for adaptability traits followed by 

meat quality, milk yield and coat color . Harar cattle have good level of adaptation to feed 

shortage, good level of tick tolerance and insect bite tolerance, while they have moderate 

disease resistance, heat tolerance and drought resistance traits. 
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Most of the respondents in the study areas use natural mating system of pure breed. Out of 

the sampled household 57.3% use natural uncontrolled mating in all study districts. The 

effective population size of mixed herd was calculated to be 926.5 and the inbreeding 

coefficient in combined population was estimated to be 0.05% .Therefore,the inbreeding 

coefficient of indigenous Harar cattle was very low. 

The majority (95%) of the interviewed respondents practice cattle fattening. Most of them 

fatten their cattle traditionally by using natural pasture and crop residues (80%) as source of 

animal feed. The major source of cattle for fattening is market (59%) followed by own 

production (38%) and gift  from relatives (3%).The most preferred cattle for fattening are 

young bulls (uncastrated) 74.3%, while 21.7 % are matured oxen and the remaining 4% are 

heifer and culled cows.  

Decision of ending of fattening period was made by considering live weight change of the 

animals (79%) and anticipated current and future price 21%. The fattening cattle in the 

study districts were owned by husband and wife (52 .7%), by husband only (39.3%) and by 

wife only (8 %). The major feeds used for cattle fattening were crop residues (44.3%) 

followed by natural pasture (31%), concentrate (14.7%) and hay (10%) in the study area. 

Feeding system of cattle practiced in the study areas is cut and carry from own and 

communal grazing land account for 62.7% followed by tethering (22.7 %) and herding 

(14.7%). During rainy season the majority of the respondent (61.7%) use water from rivers 

for their animals, while the remaining 21.3, 13.7 and 3.3% use water from ponds, rain water 

and springs, respectively. However, during dry season the major source of water are Ponds 

(68%) followed by rivers (18.3%) and springs (13.7%). The majority of respondents housed 

their animals in separately constructed house (51.7%), inside their residence with the family 

(27%) and home stead shades (21.3%) . 

Majority (88.3%) of sample households sell their animals at district market,while the rest 

(11.7%) of households sell at their district (neighboring district and zonal town). Almost all 

of the respondents (99%) in the study areas  transport their fattened cattle to market place 

by trekking. The majority (98%) of the households get information about cattle market 

before and after fattening their animals.  
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About 49.3% of the respondents get market information by visiting market themselves, 

29% from their neighbors, 11.3% from extension agents and 10.3% from their relatives. 

The overall average ages of bulls to be used for draught purpose were 4.20±0.04 years, and 

the overall average work lifetime of these bulls 3.19±0.04 years. 

The major prevalent diseases described by respondents were Blackleg, pasterullosis, 

mastitis and anthrax and parasites. Among these diseases, Blackleg (35.7%) and pasteurello

sis (31.7%) are the most important cattle diseases that caused significant losses through 

cattle death and reduction of production. The major challenges that faced the cattle fatteners 

(farmers) in the study areas are shortage of feed, scarcity of water, problems of diseases and 

parasites, lack of improved forages, which were ranked first, second and third based on 

ranking index values of 0.45, 0.23 and 0.18, respectively. 

Generally, phenotypic qualitative characters of the Harar calle populations are alike, while 

their quantitative characters in the four districts revealed that cattle populations of Goro 

Gutu and Oda Bultum are closer than that of Jarso and Tullo which could be because of 

proximities. The linear body measurement results showed that Harar cattle are larger in size 

compared to other cattle like Gamo-gofa cattle Arsi cattle and Mursi cattle. Production 

system characterization revealed that cattle are mainly used for fattening purpose. Major 

constraints of the cattle productions were shortage of feeds, scarcity of water, problems of 

diseases and parasites and lack of improved forages. 

Based on the results of present study the following recommendations are forwarded  

▪ Further study should be conducted on genetic characterization and reproductive 

performance of Harar cattle type. 

▪ The genetic dilution of Harar cattle type with other indigenous cattle in all study 

districts needs further study. 

▪ Harar cattle especially the bulls which are commonly called Harar Sanga have good 

potential for beef purpose in the East and Central part of Ethiopia. Therefore, high 

consideration should be given to conserve and improve them in their natural 

environment. 
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▪ To improve the productivity and reproductive of cattle through prevention and 

treatment strategies of disease should be planned in all the study districts.  

▪ Attention should be given on training and extension assistance for farmers in 

feeding system, selection of breeding animals, health care and market information 

to improve the performance of cattle fattening practice in the all study districts . 

▪ The major serious problem in cattle fattening is availability and quality of feed, 

therefore, there should be strategy for improving animal feeds by introducing feed 

processing technologies. Additionally, proper feed conservation and improvement 

of crop residues and improved fodder cultivation should be also considered . 

▪ Through conservation mechanism improve availability of water. 
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Appendix I. Survey Questionnaire 

On Farm Phenotypic Characterization, Breeding, Husbandry and 

Fattening Practices of Harar Cattle in Hararghe Highland 

 Primary Data Collection Check List 

Questionnaire number (code): _____________ District:_______________ 

Date: _________________________________ Kebele: _______________ 

Region: _______________________________  Enumerator name:_______ 

Zone:_________________________________   

Part 1. Socio-economic characteristics 

1.1 Gender of the respondent;      A. Male          B. Female   

1.2 Age of the respondent: ______ years 

1.3 Highest level of education attained by respondent: 

1. Illiterate                   3.  Elementary school (1-8 5.  Secondary school (9-12) 

2. Reading and writing    4. Religious schools  6.Above secondary (colleges and Universities) 

1.4. Major occupation of the respondent (encircle one) 

i. Farmer                               ii. Business man                 iii. Government (private employee)        iv. Other (specify) 

1.4 Marital status  

1) Single        2) Married 3) Widowed     4) Divorced (Separated) 

1.5. Religion (%) 

1)Muslim  2) Orthodox Christian 3)    Protestant 4) Others 

1.6. What are Sources of household income? Sale of: 

1.Crop livestock production     3.Cropproduction                                       5.Other activities 

2.Livestock production                              4. Non crop-livestock production  

.7. What is the agricultural system practiced in your locality? 

A) Pastoral             B) Agro-pastoral        C) mixed crop-livestock                                           D) other (specify)          

Part 2. Herd Composition 
2.1. Which livestock do you have currently?  

No Species Number No Species  Number 

1.  Cattle  4.  Donkey  

2.  Sheep  5.  Poultry  

3.  Goat  6.  Other  
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2.2. How is composition of your cattle herd of this year? 

Local Cattle Species Total animals Cross breed Cattle 

Species 

Total 

Cattle  Cattle  

Female<1 year  Female<1 year  

Male<1 year  Male<1 year  

Male1-3 year  Male1-3 year  

Heifers  Heifers  

Dry cows  Dry cows  

Pregnant cow  Pregnant cow  

Lactating Cows  Lactating Cows  

Oxen  Oxen  

Bulls  Bulls  

 

2.3. Is livestock the major activity on your farm?   1. Yes          2.  No 

2.3.1. If no, what other activity do you have?  

2.4. Who is the ownership of the cattle in the family?   

1)Husband              2)wife 3) husband and wife     4) Son  5.Daughter 6.Other (specify 

2.5. What are the purposes of keeping cattle in your village (area) (rank 1-3) 

Purpose Tick Rank Purpose Tick Rank 

1.Milk   5.Manure   

2.Meat   6.Hide   

3.Breeding   7.Income   

4.Draught   8.Social security   

Part 3.Fattening System characteristics 

3.1. Do you practice fattening of cattle? A. Yes   B. No 

3.1.1. If yes, which categories of animals do you fatten? 

A. Young bull    B .Matured oxen    C. Heifer   D. Old oxen     E. Old cow 

F. Unproductive cow 

Why? ___________________________________________________________________ 

3.2. What is the type of breed cattle you use for fattening?  

1. Local /indigenous (specify)   3. Both local and exotic    5.Others (specify) 

  2. Exotic (specify)       4. Not sure of breed      

3.3. What type of fattening system do you use? (Circle the answer)  

A.  Crop residues     C. Modern (industrial by product)      

B. Traditional (pasture based)    D. Other (specify) 
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 3.4. What is the source of your fattening cattle?  

A. Own production C.From relatives E. Buy from market                 G.Buy from neighbors      

B.Supplied by 

agriculture office 

D.From other 

organizations 

F. Culled cattle due to old age & being 

 Unproductive 

3.5. At what age do you fatten your cattle?  

3.5.1. For how long (months)?  

3.6.Which season do you fatten your cattle? 1. Long rain 2.Short rain 3.Dry season  4.Other  

3.7. Who is highly responsible for cattle fattening in your Family? 

A. Husband    B. Wife   C. Son and Daughter    D. Cow man 

3.8. Which age group do you think important for fattening purpose? 

     A. less than 2 Years     B.2-3 Years  C.3-4 Years     D. 4-6 Years 

3.9. How many times do you fatten the cattle per year? 

A. Only one time      B. Two times          C. Three times   D. Four times    

Why? _________________________________________________________________ 

3.10. How do you decide the end of finishing period? 

A.By considering rate of live-weight change C. Anticipated Current and future price 

B. By calculating feeding length (days/months)    D. Others (specify) ___________                  

3.11. Do cattle have any other purposes before fattening?   1. Yes      2.No 

3.11.1. If yes, what?   1. Draft           2. Milk 

3.11.2. If draft, how long (season, year) do you use them for draft purpose before fattening? 

3.12. On the average, for how long do you fed the cattle to finish its fattening period? 

A. For two months              C. For four months E. For six months 

B. For three months        D. For five months               F. Other (specify)__________ 

3.13. By what method you fed your fattening cattle? 

A. Tethering          B. Free grazing       C. Stall feeding   D. Mixed 

3.14. What are the sources of water for fattening cattle?  

Sources of water  Rainy Season Dry Season 

River water   

Pond water   

Spring    

Tap  water   

Hand dug well   

Rain water   
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3.15. Indicate watering frequency for fattening cattle at different seasons (Use “x” sign) 

frequency of watering Rainy Season Dry Season 

Once per day   

Two times per day   

Three times per day    

 

3.16. Do you recommend castrated or non-castrated animal for fattening? 

            1. castrated       2. Non- castrated       3. Both  

Why_____________________________________________________________________

_ 

Part 4. Disease  

4.1. Do you experience serious disease outbreaks?  1. Yes     2.No 

4.2. What do you do when Cattle sick? 

1. Treat them myself                                           3.Treat them using traditional medicine             5.Slaughter and make ‘qircha’ 

2.Call in the veterinarian                            4. Sell them immediately 6. Other, specify 

4.3. What are the major Cattle diseases occur frequently in your area? List them in order 

of importance.  

Diseases Local name symptoms Rank 

    

    

    

 

4.4. Do you have access to veterinary services    1 Yes           2.No 

4.4.1. If yes, which type of veterinary service you accessed?  

1) Government veterinarian/nurses              3) NGOs 

2) Private veterinarian                                  4) Community association health worker 

Part 5. Housing and marketing of fatten cattle  

5.1. Housing 

5.1.1. Do you think that housing cattle is important? 

5.1.1.1. If yes, list the benefits 

5.1.1.2.If not, why not_______________________________________________________ 

 5.1.2. Do you provide housing to your animals? 1. Yes 2. No 

5.1.2.1. If not why not_______________________________________________________ 
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5.1.2.2 .If you provide what type of housing system do you use?  

1. Constructed separately     3.Barn   2.In living rooms with the family 4. Other  

5.1.2..3.If you provide, what materials do you use to build cattle house? ______________ 

5.1.3. Do you keep your Fattening cattle hygiene?  A. Yes              B. No 

5.1.3.1.If your answer is  yes, by what method do you keep Fattening cattle hygiene? 

5.2. Marketing of Fattened Cattle 

5.2.1. Do you get market information before you buy/sell your fatten cattle? 1. Yes 2. No 

5.2.1.1 If yes, from where do you get market information? 

1. Extension agent                      4.Neighbors                           7. Co-operatives                           

2. Relatives                                 5. Own markets visit             8. Other (specify) 

5.2.2. Where do you sell your fattened cattle most of the time? 

1. In the village                          3. On contractual bases in the village 

2. in the district market              4. Out of the district market (specify) 

5.2.3. Distant of Marketing fatten cattle? 

            a. 5-10km        b. 11-20 km                 c.21-30km            d.30-40km       

5.2.4. How do you take your fatten cattle to the market?  1. Trekking    2.Trucking   3. Both 

Part 6: Reproduction and Breeding Management 

6.1. What is the average age at first mating Female (in months or years)? 

6.2. What is the average age at first calving (months or years)?  

6.3. What is the average reproductive lifetime of a cow? ________________ 

6.4. How many calves does a cow give on average in its lifetime? _________ 

6.5. Can you tell us the average calving interval of your cows? ___________ 

6.6. What is the average reproductive lifetime for a bull? _______________ 

6. 7. Do you select breeding cattle?  A) Male   1.Yes   2 .No  B) Female 1.Yes     2.No 

6.8. Based on what criteria do you select the breeding animals? Rank (1-3) 

a) Male  

1. Body conformation                  3. Performance                      5.Himp size 

2. Body size                                  4. Coat color                        6. Others (specify)  

b) Female 

1. Milk production                        3. Coat color              5. Udder shape and teat size 

 2. Body conformation                  4. Performance           6. Good temperament  
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6.9. What is source and breed of bull used in your herd? 

Sources of bulls Tick   Rank  

1 Owned Bull    

2 Communal and owned bull    

3 Neighboring herd    

4 Community land    

5 Borrowed    

6 Communal land and neighbor    

7 Artificial insemination    

6.10. Type of mating system 

A. Natural controlled   B. Natural uncontrolled    C. Stud mating  D. Artificial Insemination 

Part 7. Feed and feeding 

7.1. Do you buy feed for your Cattle? 1. Yes    2. No 

7.2. Where is the source of feed for cattle fattening?   1.Own farm produce   2. Feed dealers       

3.Agricultural by products   4. From local market       5. Others (specify) 

7.3. Do you Faced feed shortage? 1. Yes    2. No 

7.3.1.If yes, what season does it occur? 1.Dry season 2.Wet season 3.Both season 

7.4. How do you cope with the feed shortage___________________________________? 

7.5. What are most commonly used feed resources for cattle fattening? 

1. Natural pasture   2. House made leftovers 3. Supplement feeds   4.Concentrate 

5.  Established pasture   6. Crop residues   7. Hay       8.Others (specify) 

7.6. Can you describe the grazing method you have practiced in order of importance? 

A. Herding      B. Tethering      C. Zero grazing (cut-and-carry)  D. Other (specify 

Part 8 . Draught power production 

8.1. Do you use bulls for draught power?  1. Yes   2.No. 

8.1.1. If no, why?_______________________________________________________ 

8.2.What isthe average age of the bull (in years) reached for draught power 

supplementation?   

8.3. What is the average work life of an bulls/ ox (in years)? ________________________ 
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Part 9. Trait and breed preference 

9.1. Breed of your choice is    A. Local (Zebu, Harar)    B. Exotic  C.Cross breeds  D. Other  

9.1.1. Would you tell us the reasons? Because it has (is):  

1.Better feeding efficiency 4.Better adaptation 7.Better reproductive efficiency 

2.Supply better draught power   5.Better carcass yield   8.Other (specify 

3.Milk yield potential   6.Tempered  

9.2. Would you describe your trait preference in order of importance? Rank  

A. Milk yield             E. Fat yield(butter) I, Disease resistance 

B. Coat color   F. Draught power supplementation J, Temperament    

C. Breeding efficiency     G. Growth      K, Fertility 

D. Adaptation   H. meat quality  

Part 10. Cattle Production Constraints 

10.1. What are the major constraints to cattle production in your village/area? (Rank) 

 

 

 

 

 

 

 

Part 11. Adaptability traits of Indigenous cattle in your area 

No Adaptation trait             Level of tolerance 

Less Moderate  Good 

1 Heat tolerance    

2 Disease tolerance    

3 Drought tolerance    

4 Adaptation to feed shortage    

5 Tolerance to internal parasites    

6 Insect bite tolerance    

7 Tick tolerance    

 

 

 

 Rank   Rank  

1.Feed shortage  6.Disease and parasite  

2.Water Shortage  7.Market problem  

3.Lack of improved breeds  8. Lack of Veterinary service  

4.Lack of improved Forage  9.Lack of extension service  

5.Labor shortage                  10. Lack of credit  
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Appendix 2: Qualitative trait measurements recoding sheet 

Region _______zone ________ woreda __________ kebele ______ HH No ___________ 

Date __________________ sex _____________ 

1. Sex A= female B= male 

2.Estimated age or dentition 

classes: 

 

3.Body hair coat color pattern     1. Plain     2. patchy      3. Spotted 

4. Body hair coat colour  1.Black   2. dark red3.light red 4. light red 5. fawn6. Grey7. 

white gray     

5. Body skin colour  ,                    1. Pigmented                 2.not pigmented 

6. Muzzle colour            1. Pigmented                   2.not pigmented 

7. Eyelid colour               1. Pigmented                   2.not pigmented 

8. Hoof colour                 1. Pigmented                   2.not pigmented 

9. Horn presence                        1. Absent,                 2. Present 

10. Horn attachment           1.percent of loose horns2. percent of fixed horns 

11. Horn shape               1. Straight 2.curved 3.lyre-shape, 4. Loose 5. stumps 6. Polled 

12. Horn orientation       1.Tips pointing laterally   2.upward, 3.downward  

4.forward 5. Backward 

13. Hair length                1.Medium (1–2 mm) 2. long (>2 mm) 

14. Ear shape                   1. Rounded      2. straight-edged  

15. Ear orientation          1.Erect           2.lateral       3.drooping 

16. Hump size                   1.Absent 2. small      3. medium   4. Large 

17. Hump shape               1.absent 2.Perect    3.drooping(backwards, sideways) 

18. Dewlap size                 1. Absent    2.Small         3.Medium      4.Large 

19.Perpetual sheath (for bulls)       1.Absent          2. small         3.medium      4.large 

20. Navel flap (for cows)        1. absent          2. small          3 .medium  4. Large 

21. Facial (head) profile                  1.Straight    2. concave        3 .convex    4.ultra-convex 

22. Tail length                               1.Short (above the hocks) 2.Medium (about the hocks)    

3.long(below the hocks  

Appendix 3: Quantitative trait measurements recoding sheet 

Region _______zone ________ woreda __________ kebele ______ HH No ___________ 

Date __________________ sex _____________ 

No Quantitative trait  Measurement unit  (Centimeter) 

1 Body length  

2 Ear length  

3 Chest girth   

4 Horn length   

5 Tail length   

6 Muzzle circumference   

7 Height at withers   

8 Hock circumference   

9 Pelvic width   

10 Cannon bone circumference  

11 Body weight (kg)  
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Checklist for collection of secondary data 

1. Human population in each district_______________ 

2. Livestock population ___________________ 

3. Climatic data (distribution and amount)  

 3.1. Annual average temperature__________________    

 Maximum______________ Minimum____________ 

3.2. Annual average rain fall___________    

                      Maximum______________ Minimum____________  

4. Agro ecological zone of each district (%)  A. Lowland B. Intermediate C. Highland  

6. What types of cattle fattening systems exist in the area? 

7. Major cattle fattening constraints in each district? 

8. Major cattle diseases, occurrence, mortality, and treatment. 

9. Any efforts on-gonging in areas of cattle market (cooperatives, linking producers with 

traders, infrastructure development and market routes) 

Points Govern the Focal Group Discussion Session 

1. Would you describe the types of cattle breeds/subtypes found in your area?  

2. What are the general and specific features you have considered in identifying these 

breeds/subtypes? 

3. What do you know about origin, geographical distribution and eco-climatic niche of 

these breeds/subtypes? 

4. Would you describe special qualities of these breeds/subtypes? 

5. Would you state your trait and breed preference in justifiable manner? 

6. Would you describe the population trend and status of these cattle type? 

Increasing __________________________________ why? 

Decreasing___________________________________ why? 

7. Do you practice selection of indigenous cattle? Yes/No If yes how? If no why? 

8. What are the major sources of water to your livestock? 

9. What are the most common cattle disease in areas and any measures taken 

10. What are types of facilities take place in cattle husbandry  

11. Major cattle fattening constraints (pair wise ranking) 
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12. What are the major feed sources are accessible for cattle in your area? Is there lack of 

feed in your area?  When?   Dry season or wet season? 

13. What type of cattle breeds are currently used for fattening purpose in the area? 

 

1:Discriminant analysis result for female sample population 

Observations 404 DF Total 403 

Variables 11 DF Within Classes 400 

Classes 4 DF Between Classes 3 

 

Class Level Information 

District Variable 

Name 

Frequency Weight Proportion Prior 

Probability 

Goro Gutu Goro Gutu 101 101.0000 0.250000 0.250000 

Jarso Jarso 101 101.0000 0.250000 0.250000 

Oda Bultum Oda Bultum 101 101.0000 0.250000 0.250000 

Tullo Tullo 101 101.0000 0.250000 0.250000 

 

 2:Discriminant analysis result for male sample population 

Observations 84 DF Total 83 

Variables 11 DF Within Classes 80 

Classes 4 DF Between Classes 3 

Class Level Information 

District Variable 

Name 

Frequency Weight Proportion Prior 

Probability 

Goro Gutu Goro Gutu 21 21.0000 0.250000 0.250000 

Jarso Jarso 21 21.0000 0.250000 0.250000 

Oda Bultum Oda Bultum 21 21.0000 0.250000 0.250000 

Tullo Tullo 21 21.0000 0.250000 0.250000 

 

 3:Linear discriminant function coefficients for district for female 

Linear Discriminant Function for district 

Variable Goro Gutu Jarso Oda Bultum Tullo 

Constant -409.81174 -425.75085 -406.49030 -412.87055 

Body weight  0.31404 0.34474 0.32121 0.30543 

Body length 0.79643 0.87973 0.80444 0.83996 

Height at withers 2.15883 2.16531 2.07778 2.11565 

Chest girth 0.66390 0.61418 0.68781 0.69818 

Canon bone 

circumference 

1.71214 1.63923 1.75498 1.84139 
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Hock circumference 0.63583 0.67929 0.68837 0.54958 

Ear length 1.81811 1.81571 2.04292 1.93378 

Tail length 1.49295 1.52144 1.42087 1.45188 

Pelvic width 1.83874 1.89949 1.78167 1.82099 

Muzzle circumference 0.61235 0.61755 0.63365 0.70616 

Horn length 0.33894 0.28192 0.39035 0.26171 

 

 

4:Linear discriminant function coefficients for district for male 

Linear Discriminant Function for district 

Variable Goro Gutu Jarso Oda Bultum Tullo 

Constant -1563 -1550 -1554 -1515 

Body weight  0.39010 0.42887 0.44867 0.43343 

Body length 6.51741 6.49059 6.40274 6.25117 

Height at withers 10.00721 9.96677 9.67184 9.81262 

Chest girth 1.58331 1.43649 1.58343 1.52138 

Canon bone 

circumference 

5.05174 4.93853 5.57467 5.34387 

Hock circumference -0.46248 -0.13564 0.10111 -0.16955 

Ear length 6.83324 6.58577 6.26908 5.69994 

Tail length 0.94864 1.05482 0.86014 1.02816 

Pelvic width 4.19639 4.19682 4.33922 4.44035 

Muzzle circumference 5.22217 5.24304 5.66402 5.27702 

Horn length 2.93651 2.48162 2.80016 2.72242 

 

5: Error Count Estimates for districts for female sample population in the study area 

Error Count Estimates for district 

 Goro Gutu Jarso Oda Bultum Tullo Total 

Rate 0.5743 0.3168 0.4554 0.4059 0.4381 

Priors 0.2500 0.2500 0.2500 0.2500  

 

6: Error Count Estimates for districts for male sample population in the study area 

Error Count Estimates for district 

 Goro Gutu Jarso Oda Bultum Tullo Total 

Rate 0.0952 0.2857 0.1905 0.1429 0.1786 

Priors 0.2500 0.2500 0.2500 0.2500  

 

 7:ANOVA for Horn length for the effect of district and sex 

Source DF Type III SS Mean Square F Value Pr > F 

District 3 573.8018648 191.2672883 9.16 <.0001 

Sex  1 337.3831034 337.3831034 16.16 <.0001 

Error 483 10085.22763 20.88039     

Corrected Total 487 10996.41260     
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 8:ANOVA for hock circumference for the effect of sex and district 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 503.2405533 167.7468511 10.90 <.0001 

Sex  1 347.7158887 347.7158887 22.59 <.0001 

Error 483 7436.096324 15.395645    

Corrected Total 487 8287.052766     

 

  9:ANOVA for tail length for the effect of sex and district (location) 

Source  DF Type III SS Mean Square F Value Pr > F 

District  3 2399.134652 799.711551 11.27 <.0001 

Sex  1 1540.779040 1540.779040 21.72 <.0001 

Error 483 34265.43662 70.94293    

Corrected Total 487 38205.35031     

 

  10: ANOVA for ear length for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 400.0708197 133.3569399 14.49 <.0001 

Sex  1 150.7370524 150.7370524 16.38 <.0001 

Error 483 4444.498685 9.201861    

Corrected Total 487 4995.306557     

 

  11: ANOVA for body length for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 1748.413176 582.804392 7.06 0.0001 

Sex  1 2973.279230 2973.279230 36.04 <.0001 

Error 483 39845.66708 82.49621    

Corrected Total 487 44567.35949     

 

   12:ANOVA for chest girth for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 3843.73678 1281.24559 8.92 <.0001 

Sex  1 25079.53889 25079.53889 174.53 <.0001 

Error 483 69405.50693 143.69670    

Corrected Total 487 98328.78260     

   

13: ANOVA for muzzle circumference for the effect of sex and district 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 1026.824672 342.274891 8.75 <.0001 

Sex  1 625.681981 625.681981 16.00 <.0001 

Error 483 18889.22999 39.10814    

Corrected Total 487 20541.73664     
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      14: ANOVA for pelvic width for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 357.5379303 119.1793101 4.59 0.0035 

Sex  1 531.0873008 531.0873008 20.45 <.0001 

Error 483 12543.84147 25.97069    

Corrected Total 487 13432.46670     

 

      15: ANOVA for height at withers for the effect of sex and district 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 1487.726639 495.908880 9.93 <.0001 

Sex  1 1692.828871 1692.828871 33.90 <.0001 

Error 483 24121.18408 49.94034    

Corrected Total 487 27301.73959     

 

      16:ANOVA for cannon bone circumference for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 343.9321926 114.6440642 11.11 <.0001 

Sex  1 137.4433701 137.4433701 13.32 0.0003 

Error 483 4985.139499 10.321200    

Corrected Total 487 5466.515061     

 

      17:ANOVA for cannon bone circumference for the effect of sex and district (location) 

Source DF Type III SS Mean Square F Value Pr > F 

District  3 65866.98975 21955.66325 23.66 <.0001 

Sex  1 37792.76320 37792.76320 40.72 <.0001 

Error 483 448225.6139 928.0033    

Corrected Total 487 551885.3668    
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1:Focus group discussion with local communities in the study area 


