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Preface 
 

Agriculture plays a significant role in the Ethiopian economy; employing the 

majority of the workforce, supplying food for the ever-increasing human 

population and feed for animals and contributing for a significant portion of the 

Gross Domestic Product. The country is endowed with huge genetic recourses 

of crops, livestock, microbial and other forms of fauna and flora that would 

serve as building blocks for propelling genetic improvement and advancement 

of the agriculture sector in general. Despite this enormous potential coupled 

with long tradition of crop production and animal husbandry and bounty of 

ecological diversity, Ethiopia is still grappling with the challenges of 

alleviating vulnerability of the agricultural, agro-pastoral and pastoral 

communities, who evidently represent the great majority of the population, to 

food and nutrition insecurity and degradation of natural resources. Ethiopian 

agriculture is epitomized as a predominantly low-input low-output system 

dominated by smallholder producers generating agricultural products that are 

far less surplus, competitive, diverse and sustainable than would be required 

for the sector and the country thereof to appease relentlessly spiking food and 

feed gaps and also to thrive in the domestic as well as world markets. Contrary 

to this, Ethiopia is now on the verge of completing the second phase of its five-

year growth and transformation plan (GTP-II) which was launched in 

2015/16.The core determination of the plan is to perpetuate the growth and 

development trajectory attained during the previous phase and thereby ensuring 

food security and sovereignty, sustainable supply of raw materials for agro-

industries and import substitution, expanding the base for foreign earnings 

from agricultural exports, and increasing livelihood resilience and 

environmental sustainability.  

 

One of the strategic direction envisaged for attaining the above overarching 

objectives is by increasing livestock production, productivity, quality and 

market linkages through enhanced adoption and scaling up of technologies, 

implementation of cluster-based agriculture, input supply and participation of 

the private sector. Accordingly, the Ethiopian Institute of Agricultural 

Research (EIAR), guided by its vision and mission, is striving to contribute to 

the fulfillment of these fundamental national objectives by undertaking 

research and generating appropriate technologies, information and knowledge 

on dairy, beef, sheep, goat, camel, poultry, fisheries, apiculture, sericulture, 

animal health, feeds and nutrition, and range land management research 

programs.  
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Quite a number of results and outputs are generated every year by the livestock 

research programs organized under the Livestock Research Directorate of 

EIAR. However, before the research results that are derived from completed 

projects and experiments reach the end users, they need to be reviewed, 

evaluated and synthesized for their merits of relevance, innovation, 

practicality, and most importantly for their potential to bring about positive 

changes in the lives and livelihoods of the end users. This volume of 

publication is, therefore, dedicated to present results obtained from research 

activities completed during 2015 under different national programs of the 

directorate. It is my firm belief that the materials contained in the proceedings 

will serve a broad spectrum of users engaged in developing livestock 

production packages, guidelines and manuals as well as those engaged in 

research and academia who may need to use them as reference materials. 

Before concluding my remarks, I would like to thank the authors, editors and 

the publication staff for their commendable contributions in producing the 

proceedings. 

 

Diriba Geleti (PhD) 

Deputy Director General for Research, EIAR 
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Cattle Breed and Production System 

Characterization in Major Milk Shades 
 

Million Tadesse, Yohannes Gojjam, Kassahun Melesse, Deriba Hunde,  

Kefena Effa, Zewdie Wondatir and Mola Shumiye
 

Ethiopian Institute of Agricultural Research, Holetta Research Center 

Contact: Mill_tadsse@yahoo.com 

 

Introduction 
 

There are over 239 million cattle in Africa of which about 150 breeds are indigenous 

(FAO, 2005). About 60% of the cattle population in Sub-Saharan Africa is found in the 

ASARECA member countries including Ethiopia, Kenya, Sudan, Uganda, Tanzania, 

Burundi, Rwanda, Djibouti and Somalia. The indigenous cattle breeds are diverse with 

unique genetic attributes such as adaptation to heat and drought, tolerance to diseases 

and utilization of low-quality feeds. However, despite this immense diversity, the 

region is a net importer of cattle products, especially milk and dairy products as the 

majority of the indigenous cattle are of low genetic potential for milk production. 

Livestock plays a significant role in poverty alleviation and improving the livelihoods 

of the rural farmers in sub-Saharan Africa. The indigenous cattle breeds are a principal 

source of meat, milk, ghee and many socio-cultural functions such as marriage, or 

religious ceremonies among pastoralists and agro-pastoralists. 

 

The proposed study, thus, emphasizes on the improvement of the productivity of 

indigenous livestock for dairy production through production system characterization and 

description of environments in which the indigenous cattle are found as a means for 

identifying and defining the environments in which the characterized groups are 

adapted for use in crossbreeding programs. Characterization of the indigenous livestock 

and the production system will serve as an important tool to identify and select potential 

individuals, breeds or breed types of cattle for improvement and conservation. The 

available information on breed and production system for most of the domesticated 

animal species is insufficient to make well-informed decisions on the allocation of 

limited funds for national development targeting indigenous cattle breeds (Wollny, 

2003). Thus studies on production system and identification of suitable cattle breed 

types having higher genetic potential for dairy production traits under improved 

production environment is the basis of this work. 
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Material and Methods 
 

Production system characterization was done to study production characteristics of 

indigenous cattle and their production potential for dairy traits in selected locations in 

Ethiopia. Before production system survey, sensitization workshop of the dairy cattle 

farmers and other stakeholders was conducted. Enumerators were trained to conduct 

the breed survey in each location. A structured questionnaire was prepared and pre-

tested before administration and some re-arrangement, reframing and corrections were 

made in accordance with respondents‟ perception. 

 

Tow-hundred and fifty households were selected using random sample technique from 

two regions (Oromia and SNNPR) for the production system characterisation. 

Information collected include physical environment, cattle production systems, herd 

characteristics, breeding objectives and selection criteria, herd identification, record 

keeping, herd size dynamics, reproduction and production characteristics, breed 

adaptation and health management, farmers organisations, trainings and skills and 

constraints to cattle production. The information obtained from breed survey was used 

as a basis for developing dairy cattle breeding programmes.  

 

Data analysis 

All quantitative and qualitative data was analyzed using SAS (SAS 2006) software. 

Ranking analysis was undertaken for traits like the major objectives of cattle keepings, 

breed preference, selection criteria to select breeding animals and major constraints of 

dairy cattle production. Hence, in the ranking method, index was computed with 

the principle of weighted average and indexes were ranked using auto ranking 

with MS-excel 2007.The following formula was used to compute index as employed 

by Zewdie, (2010): 

 

Index = Rn*C1 + Rn-1*C2…. + R1*Cn/∑Rn*C1+ Rn-1*C2…. + R1*Cn; 

Where, Rn=value given for the least ranked level (example if the least rank is 5
th

, then Rn=5, Rn-

1=4, R1=1) 

Cn= Counts of the least ranked level (in the above example, the count of the 5
th

 rank = Cn, and 

the count of the 1
st
 rank = C1)  

 

Results and Discussions 

 

Household characteristics 

Males and the rest 12% by females (Table 1) headed the majority of cattle keeper 

households (88%). The proportion of female household head in present study is lower 
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than the figure reported in urban and peri-urban areas around Debre Zeit (Million et al., 

2012). This indicated the need to encourage women household to involve in dairy 

cattle keeping.  
                     Table 1. Proportions of respondents by sex over the study districts 

 

Sex of household 

head 

Unit District  

Sodozuria Adea Welmera North 

Shewa 

SNNPR Total 

Male No 41 40 43 51 45 220 

% 82 89 83 91 98 88 

Female No 9 5 9 5 1 29 

% 18 11 17 9 2 12 

Total (No) 50 45 52 56 46 249 

 

The educational status of the cattle keepers in the study areas are indicated in Table 2. 

About 32% of the respondents have attended lower primary schools, 17.8% of them 

attended upper primary schools, while 31% were illiterate. The relatively higher 

literacy level observed in the study areas can be regarded as a better opportunity to 

implement improved cattle technologies or agricultural practices and to ensure efficient 

resource uses. 
                      Table 2. Education status of household head 

 

 

 

 

 

 

 

 

 

 

 

 

Cattle herd structure 

Results on cattle herd structure are shown in Table 3. The average number of zebu and 

crossbred cattle owned per household was 11, 10, 6, 5, 5 and 5, 4, 6, 4, 4 and 1, 

respectively at Welmra, Adea, Sodo Zuria, North Shewa and Hawassa. The average 

number of cattle per household in Ejere has been reported to be 13.4±0.9 in 2011 and 

8.10 ±0.69 in western Shoa (Baynesagn, 2015). Kelay, 2002 also reported average herd 

size of 9.04 ± 0.76 in Degem. The proportion of zebu cattle, dairy cattle and crossbred 

cattle were estimated to be 51%, 22% and 27%፣ respectively. Except Sodo Zuria, the 

proportion of crossbred dairy cattle was higher than the zebu cattle showing the 

increasing tendency to keep animals that are more productive. Among zebu herd, 

Educational 

status 

Unit 

 

District Total 

Sodozuria Adea Welmera North Shewa Awassa 

Illiterate No 20 6 13 25 15 79 

% 40.0 13.0 25.0 43.1 31.9 31.2 

lower primary No 11 13 20 27 11 82 

% 22.0 28.3 38.5 46.6 23.4 32.4 

upper primary No 10 5 11 5 14 45 

% 20.0 10.9 21.2 8.6 29.8 17.8 

Secondary No 9 17 6 1 6 39 

% 18.0 37.0 11.5 1.7 12.8 15.4 

College No 0 5 2 0 1 8 

% 0.0 10.9 3.8 0.0 2.1 3.2 

Total No 50 46 52 58 47 253 

No=number of households 
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matured cows accounted for the highest proportion (22%), oxen and steers (21%), 

heifers (18.75%), and calves (16.84%). According to Baynesagn, 2015, 61.7%, 40% 

and 10% of households reported to own crossbred dairy cattle at Ejere, Ada Berga and 

Meta-robi districts, respectively which agrees with the present finding. In general, the 

decreasing trendin cattle number per household might be indicative of the shift towards 

keeping more productive crossbred dairy cattle than local cattle breed because of 

shortage of grazing land. 

 

Objectives of cattle keeping 

Major objectives of cattle keeping as reported by the respondents in the study areas are 

presented in Table 4. Based on ranked index, drought power, milk production, income 

generation, asset accumulation, meat production and ceremony appeared the six most 

important objectives of cattle keeping ranked 1
st
, 2

nd
, 3

rd
, 4

th
, 5

th
 and 6

th
, respectively. 

Similar result was reported in western shewa (Zewdu et al., 2006) in which drought 

power, milk production, income generation, manure, social and culture, asset 

accumulation and meat production were the major objectives of cattle keeping. 

Moreover, the finding of Samuel, 2015 in Amhara Region was in agreement with the 

present result. 
 

Table 3. Herd size and composition per household at different location 

 

 

Breed 

Welmera Adea Sodo Zuria North Shewa Awassa Total 

Mean % Mean % Mean % Mean % Mean % Mean % 

Zebu cows 2.7 24.2 1.3 11.9 1.1 19.3 1.1 21.6 2.2 42.0 1.7 22.2 

Zebu bulls  2.5 21.8 2.6 24.4 1.2 22.2 1.1 22.0 0.7 12.9 1.6 21.4 

Zebu steers 2.2 19.1 3.3 31.6 1.0 18.0 1.1 22.4 0.3 5.0 1.6 20.9 

Zebu heifers 1.9 16.8 2.2 20.7 1.2 21.6 1.0 19.7 0.8 15.2 1.4 18.6 

Zebu calves 2.1 18.2 1.2 11.4 1.1 18.9 0.7 14.3 1.3 25.0 1.3 16.8 

Sub-total 11.3 53.8 10.5 53.0 5.6 39.4 5.1 40.8 5.2 80.5 7.5 50.9 

Dairy cows 2.6 12.5 1 5.1 1.7 12.3 1.1 8.7 0.2 2.6 1.3 9.0 

Dairy bulls 1 4.7 0.5 2.5 1.0 7.1 0.7 5.7 0.2 2.5 0.7 4.6 

Dairy calves 1.6 7.5 1.8 8.8 1.5 10.6 1.2 9.6 0.2 3.3 1.3 8.4 

Sub-total 5.2 24.7 3.3 16.4 4.2 30.1 3.0 24.0 0.5 8.4 3.3 22.0 

Crossbreed 

cows 

1.9 41.1 2.6 42.5 1.4 33.4 1.8 40.5 0.19 26.4 1.6 39.2 

Crossbreed 

bulls 

1.3 28.4 1.6 26.0 1.3 29.0 0.9 21.1 0.21 29.2 1.0 26.2 

Crossbreed 

heifers 

1.4 30.6 1.9 31.5 1.6 37.6 1.7 38.4 0.32 44.4 1.4 34.6 

Sub-total 4.6 21.6 6.1 30.6 4.3 30.6 4.4 35.2 0.72 11.1 4.0 27.1 

Total 21.1 100 19.8 100 14.1 100 12.5 100 6.47 100 14.8 100 

 

Breed and breeding system: Results on breed and breeding system used by 

farmers are presented in Table 5. There were variations in the use of breed of bull for 
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dairy cattle production between districts.However the majority of the households 

(42%) use zebu bulls for breeding, while the proportion of farmers who reported to use 

Holstein Friesian, Jersey and crossbred bulls were 19, 1 and 21%, respectively. The 

rest 16.8% of households did not know the breed of bull used for dairy cattle breeding. 

This suggests the need to teach and aware farmers about breed and breeding methods. 

  
Table 4. Farmers’ objectives of cattle keeping in the study districts 

 
Objective Most important 

(1st ) 
Important 

(2nd ) 
Least important 

(3rd ) 
Not important 

(4th ) 
Index 

Drought power 109 48 19 29 0.22 

Milk production 89 54 42 21 0.21 

Income generation 32 102 43 23 0.18 

Meat production 8 60 63 60 0.13 

Asset accumulation 23 83 41 44 0.16 

Ceremony 21 25 44 82 0.11 

 

Breeding method preference: Results on farmer‟s preference on breeding 

methods are presented in Table 6.The majority of households (92%) are willing to use 

AI as breeding method for dairy production while the rest 8% disfavor using AI. The 

reasons behind for willing AI as breeding method by majority of households could be 

the higher milk yield of exotic breed origin semen. Regarding crossbreeding practices, 

50% of farmers practiced crossbreeding of their zebu cows with exotic breed while the 

rest 50% did not practice crossbreeding. Yitaye (2008) in the northwestern Ethiopian 

highlands where the majority of dairy producers in urban and peri-urban areas used AI 

than direct bull service reported similar finding. 

 

Bull breed preference: about 45% of farmers preferred HF breed bull, 10% Jersey 

breed bull, and 2% crossbred bulls for dairy production while the rest 42% had no 

specific breed preference. With respect to access to breeding services: about 66% of 

farmers had access to breeding service and the rest 34% had no access to any breeding 

service for the last one year during this study. Result on breeding methods used by 

farmers indicated that 50% of households use AI service, 45% of them use natural 

service and 5% of farmers use both AI and natural services (NA).  
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Table 5. Breed of bull(s) used in dairy cattle breeding in the study areas 

 
Breed Welmera Adea North 

Shewa 
Sodo Awassa Total 

No % No % No % No % No % No % 

Zebu 32 62 5 11 15 32 32 67 17 37 101 42.4 

HF 19 36 18 39 3 6   5 11 45 18.9 

Jersey         2 4 2 1.0 

Crosses 1 2 3 6 28 60 16 33 2 4 50 21.0 

Unknown 0 0 20 34     20 34 40 16.8 

Total 52 100 46 100 47 100 48 100 46 100 238 100 

 

Provision of AI service 

AI technicians gave Sixty percent of the AI service while veterinary rendered 40% of 

the sevice assistants (Table 7). The majority of farmers (58%) use private AI service 

providers, 34% of farmers use government AI service and 6% of them use both private 

and government services (Table 7). Regarding level of satisfaction with AI service, 

about 29% of households were very satisfied, 32% of them somewhat satisfied, 24% of 

them some-what dissatisfied and 15% of them were very dissatisfied. In general, more 

than one-third of households were not satisfied with existing AI service, which 

indicates problems with AI delivery system. 

 

Criteria used for selecting dairy bulls 

To select bulls for breeding farmers used different selection criteria (Table 8). Results 

obtained using ranked index indicated that body appearance, body frame, tail size and 

length, relative performance and scrotal size appeared to be the most important criteria 

used by famers to select male animals for breeding purpose in that order of importance, 

respectively (Table 8). This result shows that farmers give more weight to 

morphological traits than production traits. In order to use farmers objectives in the 

breeding program as selection criteria for increased milk production, research need to 

investigate the correlation of these traits to milk production. 
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Table 6. Breeding methods and breed of bull used for dairy production by farmers 

 
Breeding 
method 

Welmera Sodo Adea North 
shwea 

Awassa Total 

Farmers willing to use AI 

 No % No % No % No % No % No % 

Yes 51 98 42 84 44 96 57 98 38 82 232 92 

No 1 2 8 16 2 4 1 2 8 16 20 8 

Total 52 100 50 100 46 100 58 100 46 100 252 100 

Have you ever crossbreed with zebu cattle 

 No % No % No % No % No % No % 

Yes 33 63.46 30 60 11 27 23 49 19 41 116 50 

No 18 34.62 20 40 30 73 24 51 26 59 118 50 

Total 51 100 50 100 41 100 47 100 45 100 234 100 

Which bull breed do you want 

HF 34 86 18 36 9 20 9 24 25 66 95 45 

75% HF 1 3 4 8       5 2 

Jersey 4 11 9 18     8 21 21 10 

Unknown   19 38 37 80 28 76 5 13 89 42 

Total 39 100 50 100 46 100 37 100 38 100 210 100 

Accessed to any breeding method for the last one year 

Yes 40 78.43 29 58 31 79 41 79 15 35 156 66 

No 11 21.57 21 42 8 21 11 21 28 65 79 34 

Total 51 100 50 100 39 100 52 100 43 100 235 100 

Type of breeding method used in the farm 

AI 36 75 14 47 19 41.5 18 37 8 44 95 50 

Bull 12 25 14 47 19 41.5 31 53 10 56 86 45 

Both   2 6 8 17     10 5 

Total 48 100 30 100 46 100 49 100 18 100 191 100 

No= Number of Households 
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Table 7. AI service delivery systems and level of satisfaction by farmers 

 
AI service 
delivery 

Welmera Sodo Adea Northshwea Awassa Total 

No % No % No % No % No % No % 

AI service administered by 

AI 
technician 

36 100   15 44 14 70 8 80 73 60 

Veterinary 
assistant 

0  22 100 19 56 6 30 2 20 49 40 

Total 36 100 22 100 34 100 20 100 10 100 122 100 

Level of satisfaction with AI service 

Very 
satisfied 

14 27 4 14 5 14 21 55 5 36 49 29 

Some-what 
satisfied 

15 29 15 53 17 46 5 13 2 14 54 32 

Some-what 
dissatisfied 

16 31 3 11 10 27 7 18 4 28 40 24 

Very 
dissatisfied 

7 13 6 21 5 14 5 13 3 21 26 15 

Total 52 100 28 100 37 100 38 100 14 100 169 100 

Organization providing AI service 

Government 10 25 15 50 10 26 20 42 5 29 60 34 

Private 25 64 13 43 25 64 27 56 11 65 101 58 

Both 4 11 2 7 4 10     10 6 

NGO       1 4 2 6 3 2 

Total 39 100 30 100 39 100 48 100 18 100 174 100 

Do you have to pay for the service 

Yes 22 46 - - 32 82 22 47 8 47 84 56 

No 24 54 - - 7 18 25 53 9 53 65 44 

Total 48 100 - - 39 100 47 100 17 100 149 100 

 

                            Table 8. Selection criteria used to select breeding males for milk production purpose in the study areas 

 

Criteria Most important Important Less 
important 

Index 

Body farm 170 48 18 0.23 

Body appearance 143 92 18 0.24 

Relative performance 95 71 46 0.19 

Tail size/length 110 63 58 0.20 

Scrotal size 32 62 115 0.15 

 

Selection criteria used by farmers to select female animals for breeding 

Results on the selection criteria used by farmers to select female animal for breeding is 

presented in Table 9. It appeared that udder shape, size and teat placement, body shape, 

rumen depth and size of the dewlap are the five most important criteria ranked 1
st
, 2

nd
, 

3
rd

, 4
th
, and 5

th
, respectively to select female animals for breeding purpose. In order to 

utilize these traits in breeding program there is a need to investigate their correlation 

with milk production traits.  
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Table 9. Selection criteria used to select breeding female for the purposes of milk production 

 
Criteria Most important Important Less important Index 

Udder shape 127 44 23 0.153 

Size and teat 
placement 

112 57 16 0.144 

Body shape 112 45 22 0.139 

Size of the dewlap 53 65 51 0.105 

Rumen depth 50 77 39 0.106 

Tail length 81 51 53 0.123 

Coat color 27 66 74 0.089 

Tail brush 23 42 75 0.071 

Back line 23 34 86 0.069 

Total 608 481 439 1.00 

 

Breed preference 

 

Zebu cattle 

Result on farmer‟s preference of zebu cattle is indicated in Table 10. About 15% of 

households prefer zebu cattle to exotic breed while the majority (85%) did not prefer 

zebu cattle breed to exotic breed. The higher preference for exotic breed origin can be 

explained by poor milk production of zebu breed and higher milk production by exotic 

breeds. According to Nill (1992) intensive dairy production system in urban/peri-

urban, areas use pure exotic and crossbred animals for dairy production. Study 

conducted by Yoseph (1999) and Kelay (2002) also reported crossbred and pure exotic 

breeds are the dominant genotypes preferred/used for dairy production in urban and 

peri-urban areas. 
 
Table 10. Zebu breed preference in the study areas 

 

Farmers` preference 
for Zebu breed 

Welmera Adea N/shewa Awassa Total 

No % No % No % No % No % 

Prefer 11 22 4 9 1 2 14 30 30 15 

Do not prefer 40 78 41 91 56 98 32 60 169 85 

Total 51 100 45 100 57 100 46 100 199 100 

 

Animal identification and recording system 

 

Cattle identification 

Results on cattle identification and recording practices are presented in Table 11. The 

majority (79%) of farmers used to identify their animals by names, 32% by both names 

and color, 10% by ear notch system, 2% using branding and color of animal. The rest 

4% simply identify their animals without any identification. Results on record keeping 

indicated that the majority of farmers (74%) did not practice record keeping while the 
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rest 26% practice record keeping. Among farmers that used to keep records, 47% of 

them used to keep reproduction records, 30% health records, 17% milk yield records 

and 6% of farmers body weight records.Our result on record keeping by farmers was 

higher than the result reported by Samueal, 2015 at Mecha, Yilmana-Densa and Bahir 

Dar Zuria districts. 

 

Milk yields of zebu and crossbred dairy cattle at different locations 

Average daily milk yield of local cows was 2.76, 3.06, 2.05, 3.62, and 4.75 kg at Sodo 

zuria, Adea, Welmera, North Shewa and Hawassa, respectively with an overall average 

of 3.22 liters (Table 13). The average daily milk yield of crossbred cows at Sodo zuria, 

Adea, Welmera, North Shewa and Hawassa was 8.13, 13.24, 10.72, 9.09, and 5.33 

litters respectively with overall average of 10.55 litters.The reported average daily milk 

yield of local cows in the present study is higher than 1.85 liters reported at country 

level CSA (2013). Similarly, Zewdu (2004) reported overall average daily milk yield 

of 1.69 and 1.86 liters for local cows in the first and second parity respectively in North 

Gonder Zone, which is lower than the present result. 
 
Table 11. Livestock identification methods and recording practices in the study areas 

 

 Welmera Adea North Shewa Awassa Total 

Animal identification method 

 No % No % No % No % No % 

Naming 52 100 19 45 57 100 28 60 156 79 

Ear notch   14 33   5 11 19 10 

Branding       4 8 4 2 

Color       4 8 4 2 

Non   1 2   6 13 7 4 

Naming +ear notch   7 17 57    64 32 

Naming and color   1 2     1 1 

Total 52 100 42 100 57 100 47 100 198 100 

Record keeping 

Use recording 16 38 27 63 5 9 4 9 52 26 

No recording 36 62 16 37 51 91 42 92 145 74 

Total 52 100 43 100 56 100 46 100 197 100 

Type of record kept 

Body weight   3 11 - -   3 6 

Health 11 69 3 11 - -   14 30 

Reproduction   18 67 5 100 4 100 22 47 

Milk 5 31 3 11 - -   8 17 

Total 16 100 27 100 5 100 4 100 47 100 

 

Utilization of milk from crossbred cattle 

Results on utilization of milk are presented in Table 14. The average daily milk 

production per animal from zebu cattle during 2013 wet season was 3.22 out of which 

58% was sold and 42% consumed at home. The average daily milk production from 

crossbred dairy cattle at wet season during year 2013 was 10 litters out of which 87% 

was sold and 13% consumed at home. There was a variation in milk production and 

utilization among the locations. Higher proportion of milk sold in both seasons from 
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crossbred dairy cattle at Adea and Welmera. Farmers in the districts could relate this to 

better market linkage.  
 

Table 13. Average daily milk yield of zebu and crossbred dairy cattle at different locations 
 

District Zebu Crossbred 

Wet season Dry season Wet season Dry season 

Sodozuria Mean 2.76 1.78 8.1250 5.37 

N 29 28 8 8 

STD 1.66 1.64 3.83 2.39 

Adea Mean 3.05 2.36 13.24 12.24 

N 9 7 41 41 

STD 1.67 1.60 3.71 4.16 

Welmera Mean 2.05 1.79 10.72 10.80 

N 21 19 25 25 

STD 1.06 1.19 4.91 4.92 

N/Shewa Mean 3.62 3.05 9.09 7.14 

N 30 30 44 44 

STD 1.61 2.62 3.31 3.46 

Awassa Mean 4.75 3.42 5.33 3.75 

N 18 18 6 6 

STD 4.83 3.93 2.80 2.04 

Total Mean 3.22 2.48 10.548 9.29 

N 107 102 124 124 

STD 2.53 2.48 4.37 4.75 

 

Constraints affecting dairy cattle production 

The major constraints affecting dairy are presented in Table 14. Lack of feed, high cost 

of breeding animal, disease prevalence, lack of credit and extension service are the 

major constraints affecting dairy cattle production ranked 1
st
, 2

nd
, 3

rd
, 4

th
 and 5

th
, 

respectively.Similar results were reported in urban and peri-urban dairy cattle 

production at DebreZeit (Million et al, 2012) 
 

 

                               Table 14. Major constraints affecting dairy production in the study areas 

 

Constraints Rank Index 

1st 2nd 3rd 4th 5th 

Lack of feed / forage 95 51 39 11 5 29.24 

High cost of breeding animals 32 22 30 27 17 14.53 

Inadequate extension and veterinary services 8 11 32 30 14 9.02 

Disease prevalence 10 38 22 14 22 11.30 

Lack of water 8 16 16 16 10 6.89 

Long distance to travel to service provider 11 7 2 12 8 4.30 

Frequent drought 1 12 14 19 11 5.12 

Lack of credit 31 19 10 17 15 11.01 

Lack of drugs 2 6 11 11 20 3.87 

Poor transport services 1 6 7 6 6 2.42 

Lack of market 1 2 7 7 17 2.31 

Total 200 190 190 170 145 100.00 

 

In this study, we can conclude that the relatively higher literacy level observed in the 

study areas can be regarded as a better opportunity to implement improved livestock 
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technologies or agricultural practices and efficient resource uses. The higher proportion 

of crossbred dairy cattle compared to zebu cattle in most of the study areas indicates 

the shift toward keeping more productive animals than less productive zebu cattle. 

Source of drought power is appeared as the primary objectives cattle keeping by 

farmers. This indicates farmers need to be supplied alternative source of power that 

could replace oxen power for cultivation of cropland. This will shifts farmer main 

objective toward production traits. 

 

The higher preference of Holstein Friesian bulls for dairy cattle production is 

associated with higher milk yield potential. As the majority of farmers used to identify 

their animals using traditional practices, introducingmoderncattle identification 

methods are recommended for genetic improvement. Majority of farmers did not 

practice record keeping in the study areas. Among farmers who practiced record- 

keeping did not cover all important traits required for genetic improvement. These 

indicate the need to implement standard animal identification and recording system, 

which can be used as a tool for genetic improvement of dairy herds.Lack of feed, high 

cost of breeding animal and disease prevalence are the major important constraints 

affecting cattle production in the study areas among others. 
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Introduction 
 

Ethiopian Institute of Agricultural Research (EIAR) to improve the performances of 

local cows has implemented crossbreeding of indigenous cattle with exotic dairy cattle 

breeds in Ethiopia since the early 1974. The program was initiated as part of the overall 

cattle improvement program in the country in terms of growth, milk yield and other 

important production and reproduction traits. The crossbreds were evaluated for the 

intended traits under different environmental conditions of the highland, mid altitude 

and lowlands using Friesian, Jersey and Simmental sires on Boran, Barca and Horro as 

indigenous dam breeds. The conclusion of this study showed that Friesian, Simmental 

and Jersey crosses with exotic inheritance of 50 to 62.5% are appropriate and suitable 

for smallholder dairy production in Ethiopia (Beyene, 1992). 

 

Results from on-farm evaluation of crossbred cattle owned by smallholder farmers 

around Holetta and Debre Zeit (Gryseels and de Boodt, 1986) and in Arsi Region 

(Kiwuwa et al., 1983) showed lower performance level even under the provision of 

better inputs (feed, housing etc). In the study carried out in IAR on smallholder farms 

around Bako and Holetta Research Centers, the level of milk production of F1 

crossbred cows was lower than that of the on-station yield (Tesfaye, 1993). In most 

cases, the information obtained from performance of crossbred cattle on smallholder 

farms is limited due to lack of milk recording scheme at farmers‟ level. 

 

In the early 2000
s
 the crossbreeding and selection was designed to be implemented at 

on-station and on-farm. The on-station crossbreeding and selection was properly 

implemented for about 10 years by using 50% Friesian x Boran (FB) crossbred cows. 

Adequate information was generated through selection to maintain only superior dairy 

cows for further production of high-grade dairy cows.  The number of high yielding 

(FB 50%) crossbred cows are increased and the lactation milk yield ranged from 

2328.2 to 2596 kg for a lactation length of 378± 14.78 to 424 .00 ± 19.8 days.  The on 

farm milk production was also improved because of selection of better yielding 
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crossbred dairy cows. The crossbred dairy technology was verified and demonstrated 

in the central highlands and was found to be viable to be used by smallholder farmers. 

 

Cross breeding of Boran cows with Frisian bulls, using semen from Worldwide Sire 

(WWS) was initiated to improve milk production as a new activity at Holetta 

Agricultural Research Centre (HARC) since 2010.  Boran heifers reared at on station 

and some more purchased from the centre of origin (Borana) were assigned to different 

Frisian WWS sires at Holetta. The objectives of this study was to evaluate the 

performances of F1  crossbred dairy cows produced using semen from Kaliti (NAIC) 

and WWS bulls to produce improved dairy cattle breed at on station to back up the on 

farm crossbreeding for subsequent synthetic breed development. 

 

Materials and Methods 

 

Study area 

The study was carried out at Holetta Agricultural Research Center (altitude: 2400masl; 

annual rainfall: 1100mm; average minimum and maximum temperature: 6°C and 

24°C) located 30 km west of Addis Ababa, Ethiopia (3°24'N to 14°53'N and 33°00'E to 

48°00'E). The study area experiences two major seasons: the wet and the dry season. 

  

Animals and management 

A total of 157 pure Boran heifers as a dam breed  were mated to 32 kaliti (NAIC) and 

10 WWS sires to produce F1 crossbred heifers and a total of 217 F1 crossbred cows 

produced from Boran Dam at  Holetta Agricultural Research Center were used for this 

study.  In general, 153 growth data from F1 crossbred heifers and 711 milk records 

were used for the study. Boran cows were inseminated using pure Holstein from NAIC 

(Kaliti) and WWS semen to produce F1 calves. Animals were left to graze from early 

morning (8.00 a.m) to 4.00 p.m in the afternoon and are fed with natural pasture hay as 

required during the night. A concentrate mixture composed of wheat bran (64%), noug 

(Guizocia abyssinica) seed cake (34%), and salt (2%) was supplemented to different 

categories of dairy cattle at their different physiological stages. Milking cows were 

supplemented at a rate of 0.25 kg for every kg of milk produced daily during milking 

periods. The concentrate mixture contained 81.0% DM, 29.5% crude protein, 46.9% 

neutral detergent fiber and 71.8% digestible organic matter. A kilogram of concentrate 

in excess of the allowance was given to all cows for anticipated increase in milk yield. 

The cows had free access to clean water all the time. 
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Reproductive management and live weight measurement 

A teaser bull runs with the cows for heat detection every day. Cows detected in heat 

were served using artificial insemination. Cows with repeated heat may be served up to 

four times. Cows not seen in heat after service or longer were diagnosed for pregnancy 

after 45 days of service. Live weight of all categories of animals (calves, heifers and 

cows) was taken every 28 days and entered into the main breeding database of the 

center. 

 

Selection procedures 

Initially selection starts based on pre and post weaning daily growth rate of young 

heifer calves. However, since all Boran cows are subjected to free suckling till 

weaning, the selection made in this study was based on post weaning growth rate to 

yearling daily gain. Selection based on milk production starts from first parity and 

beyond. In the selection procedures, best animals are retained for breeding purpose and 

some better performing animals are sent to on farm activities and/or distributed to other 

stakeholders.  The least performing animals are culled from the herd.  

 

Statistical Analysis 

Data collected were subjected to statistical analysis using the General Linear Model 

(GLM) procedure of the Statistical Analysis System (SAS, 2003). Means were 

separated using Duncans multiple range test.  

 

Results and Discussions 
 

Body weight and daily growth rate to yearling and sire effect 

Least square means and standard errors (± se) of growth traits in this study as affected 

by random and fixed effects are presented in Table1.The estimated least square birth 

weight of crossbred heifers (24.83 ± 2.33) was higher than previous reports (22.5kg) 

for female calves (Demeke et al., 1987) . The average daily gain of crossbred calves 

from birth to yearling (0.437 ± 0.01 and 0.546 ± 0.02) was by far higher than past 

reports. Better ADG was obtained from NAIC (0.546 ± 0.02) bulls than that of WWS 

(0.437 ± 0.01) bulls as shown in Table 1. In most cases, the vigor of WWS bulls could 

be expressed when they are mated to high-grade cows than local cows because of local 

gene effect.  The result obtained from this study is encouraging to continue to 

implement suckling the indigenous cows for production of F1 crossbred heifers, which 

could accelerate growth and attain early puberty for milk production. The mean birth 

weight obtained from similar study from Fogera crosses with Holstein Frisian (HF) at 

different age was comparatively lower (23.1 kg) (Addisu et al., 2010). The improved 
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birth weight in female FB crossbreds could be due to improved management 

accompanied by free suckling system employed at the centre (HARC) level.  Body 

weight at three months, six months, nine months and yearling were improved at all 

levels when compared to previous reports (Demeke et al., 2003). The overall mean 

daily body weight gain up to 90 days, 180 days and yearling age for the same breed at 

Holetta was 336, 327, and 253 g/day, respectively (Gizachew et al., 2003).  

 

Growth performance of crossbred dairy cattle at Assella livestock farm (Abdinasir et 

al., 2001) at 6
th
 an 12

th
 months of age was less than 100 kg and 150 kg, while the result 

of the present study showed 135.47 ± 2.33 and 192.16 ± 2.33, respectively. The 

improvement made in growth rate of crossbred heifer calves at Holetta could be due to 

the free suckling practices applied on local Boran cows to produce fast growing F1 

heifers.  Fast growing F1 (50%) crossbred heifers could be used for generation of 75% 

synthetic breed production at on farm and on station. Improved management practices 

are key factors for the production of improved dairy breeds.  
 Table 1. Body weight and daily growth rate to yearling of F1 FB crossbred heifers (kg) 

 

Age N Body weight (Ls mean ± se) 

At birth (00) 153 24.83  ±  2.33 

3 months  (97) 151 79.20  ± 2.30 

6 months  (190) 151 135.47 ±  2.33 

9 months  (280) 150 168.12  ±  2.3 

Yearling (361) 147 192.16  ±  2.33 

SIRE Record ADG 

WWS bulls 111 0.437 ±  0.01a 

NAIC (kaliti) bulls 42 0.546  ± 0.02b 

 

Age at first calving, calving interval and service per conception at 

different age of F1 FB crossbred cows 

Least Square means for age at first calving (AFC) for 197 heifers was 35.7±0.81 

months in the present study (Table 2). This result shows improvement in reproductive 

performances compared to reports obtained from data earlier generated from 1974 to 

2005. From this data, age at first calving for Frisian crosses was 43.4 ± 0.6 (Kefena, 

2011). Similarly, from the data collected at Assella, D/Zeit and Holetta, age at fist 

calving in Holstein Frisian crosses was reported to be 42.59 months (Million et al., 

2006). Addisu et al., 2003 reported that age at first calving for Fogera crosses to be 

40.46 ± 0.93 months. Age at first calving in F1 Frisian Boran cows at Holetta is 

progressively improving because of management and feeding practices employed at the 

center. From the current report, it could be noted that improvement made on age at first 

calving alone accounted for 15.5 % to accelerate early calving of young heifers. 

  



[19] 

 

Calving interval 

Least square mean for calving interval showed decreasing trend from the first parity 

until the fifth parity and slightly increased at the sixth parity. Calving interval is 

usually influenced by dam parity and year. However, the changes in late parity period 

could be attributed to periodical changes in feeding management and health conditions. 

Similar effects were reported in studies conducted at Holetta, D/zeit and Asella 

(Million et al., 2006). 

  

Service per Conception (SPC) 

On average, 2 to 3 services per conception were observed in this study. Numerous 

factors affect this efficiency. Heat detection efficiencies, heat stress, semen quality, AI 

technique, nutrition, body condition and clinical and sub-clinical mastitis are among 

the factors that could affect the service per conception. 

 

Milk production and lactation length 

Lactation milk yield (LMY) obtained from this study showed progressive trend from 

first to fifth parity (1874.65 ± 67.7 to 2582.69 ± 111.2) as shown in Table 3. The 

lactation milk yield (LMY) at the sixth parity showed declining trend. Estimated least 

square means at fourth and fifth parities were significantly higher than at other parities. 

The first and second lactation milk yields were significantly lower. In all cases, the 

lactation milk yield obtained from this study showed improvement unlike the previous 

reports. Lactation milk yield from F1 FB genetic group was reported to be 

2149.67±85.86 litters (kefena et al., 2006). The same report showed increasing trend 

from first to fourth parity (1833.26 ±72.61 to 2035.54 ± 89.62) and peak LMY was 

attained at 4
th
 parity. Similar study at Holetta (kefena et al., 2011) showed a lactation 

milk yield of 2088 ± 29.4 litters for Frisian crosses which also shows increasing trend 

with the parity from 1
st
 to 4th (1749.2 ± 37.9 to 2052.4 ± 56.4). Other studies indicate 

similar results at Holetta and D/Zeit. Million et al., 2006 also reported total milk yield 

of 1970 ± 85 kg for the same breed from first to sixth parity. 

 
Table 2. Service & Calving age (months), calving Interval (days) and service per conception of F1 FB 

crossbred cows at different parities 

 

Parity N Service age 
(months) 

Calving age 
(months) 

CI (days) SPC 

1st 197 26.4±0.8 35.7±o.81 00.00 1.2±0.2 

2nd 157 43.1±0.90 52.38±0.91 490.32±2.92 1.62±0.04 

3rd 131 59.34±0.98 68.70±0.99 489.00±2.52 2.14±0.05 

4th 95 75.17±1.16 84.5±1.16 475.4±5.20 2.70±0.08 

5th 73 88.39±1.32 97.71±1.32 395.64±4.9 2.31±0.04 

6th 58 102.11±1.49 111.44±1.49 413.00±4.90 2.37±±0.05 
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The result of this study is in line with the previous reports (Addisu, 2003; Million et 

al., 2006; kefena et al., 2011). However better improvements are shown at the fourth 

and fifth parities in this study than the previous reports. This could be attributed to the 

periodical selection of breeding animals at the centre at different parities. Improvement 

in milk production of F1 crossbred dairy cows from 2001 until the current data have 

reached around 21%. The progressive improvement achieved from crossbreeding dairy 

cows at HARC could be accounted for periodical selection procedures and improved 

management practices employed at the centre.  

 

Use of WWS bulls for production of 50% crosses with local cow did not seem to 

improve milk production from this result (p > 0.2433). However, the vigor of WWS 

bulls could be expressed when they are mated with high-grade cows from our 

preliminary observations. Therefore,   evaluations of WWS bulls for the production of 

F1 could be one of the actions to be taken as the way forward to continue with 

production of F1 heifers. 

 

From the result of the present study, it can be noted that better growth rate 

performances were recorded as ADG (0.437 ± 0.01 to 0.546 ± 0.02) from birth to 

yearling. The achievement is gained from free suckling of Boran cows for production 

of fast growing F1 crossbred heifers. This practice should also be implemented at 

smallholder farmers‟ level for production of more milk at earlier ages than further 

delay. Age at first mating (26.4±0.8 months), and age at first calving (35.7±0.81 

months) were found to be improved when compared to the previous research reports. 

The prolonged calving interval at first parity has also progressively increased with the 

subsequent parities. In any case, the long calving interval observed in this study might 

be attributed to the dissection made to allow the selected high yielders to stay in milk 

for about 400 days. As a result, their LMY (2569.35 ± 97.4 & 2582.69 ± 111.2) at 

fourth and fifth parity was also found to be by far better (p< 0.001) than earlier 

research reports.  Variations in growth rate, reproduction and milk production 

performances of cows are the combination of genetic, management and environment. 
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 Table 3. Milk production from F1 FB crossbred animals from WWS and NAIC (kaliti) bulls at different 

parities 

 

Parity No N LMY  ± se (kg) LL (days) P < 0.001 

1st 197 1874.65 ± 67.7 c 346.6±12.05b  

2nd 157 2227.95 ±7 5.8 b 349.69±13.50b  

3rd 131 2442.88 ± 83.2 ab 378.00±14.78ab  

4th 95 2569.35 ± 97.4 a 393.95±17.35ab  

5th 73 2582.69 ± 111.2 a 424.12±19.80ab  

6th 58 2401.93 ± 124.7 ab 399.08±22.21a  

Sires Records LMY  P> 0.2433 

WWS bulls 711 2442.32±78.14   

NAIC (kaliti) bulls 91 2556.41±34.13   

 

 

 
 

Figure 1. Lactation milk yield (LMY) trend with parity 

 

From the result of this study, it can be recommended that in order to continue with the 

crossbreeding of dairy cattle for production of F1 (50%) crosses, intensive selection 

procedure is required.  There is a need to backup on farm activities in line with the on 

satiation breeding activity. Post weaning daily growth rate to yearling is important to 

select calves /heifers at earlier ages. 

  

Proper evaluation of sires used from Kaliti (NAIC) or worldwide sire (WWS) is 

important to mark and recommend for on station and on farm breeding activities.  

 

Keeping milking cows beyond the fifth parity at research centers might not have any 

additional benefits; rather this could lead to extra expenses and put extra burden for the 

growing animals from which additional information could be collected. 

 

Dairy research farms had to make maximum efforts to improve routine management 

activities in their farm and maintain best and selected animals at all levels in line with 
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the breed improvement strategies to exploit the optimum level of reproductive and 

productive performances in dairy cows. 
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Introduction 
 

The result obtained from long-term dairy research efforts in Ethiopia were verified and 

demonstrated at on farm under the farmer's level of management and proved to be 

viable since 2002. From the progressive achievements gained, dairy technology 

popularization and scaling up were undertaken by different regional and federal 

research centers. The introduction of crossbred dairy cows in the central highlands of 

Ethiopia encouraged and allowed the smallholder farmers to increase their income and 

improve their living standard (Tesfaye and Yohannes, 2006; Shapiro et al., 1998). In 

general, farmers who have used the dairy technology packages for four to five 

consecutive years have realized a growing annual income. However, lack of adequate 

supply of exotic breeds and their crosses has limited the disseminations of dairy 

technology in Ethiopia. Moreover, dairy technology generation and transfer is capital 

intensive and relatively a long term venture. In spite of all the existing limitations, 

more farmers in the central highlands depend and relay on the sale of milk and milk 

products as their major source of income. Hence, as stated in the Livestock Master Plan 

(Shapiro, B.I., et al., 2015), interventions to be made to improve cattle milk production 

and the value chain will transform family dairy farms in the highland moisture 

sufficient production zone from traditional to improved family dairy systems. 

  

As part of participatory research and technology transfer approach, the Ethiopian 

Institute of Agricultural Research (EIAR) has made different efforts to avail and 

transfer dairy technology packages composed of crossbred cows/heifers, appropriate 

breeding methods and management practices to overcome the limitations. Feeds and 

feedings incorporated with forage development were among the major components in 

line with trainings and socio economic and marketing aspects of dairy technology 

transfer in potential milk shed areas. Alike other parts of the country, limited or 

absence of technological interventions is among the major constraints limiting the 

disseminations of dairy technology in the highlands of Ethiopia. Future surplus in milk 

can be realized through investment in better technological options to improve both 

traditional dairy farms and commercial dairy production. The objective of this work 
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was therefore to demonstrate and transfer improved dairy technology to selected 

smallholder farmers through participatory research approach with stakeholders in the 

central highlands. 

 

Materials and Methods 

 

Study areas 

The disseminations of improved dairy technology were conducted at four districts 

(woredas) namely Wolmera, Dendi, Dire Inchini and Wara Jarso (Gohatsion) in the 

central highlands of Ethiopia. The districts were selected based on demand raised from 

the farmers and local administrators and conformation made by rapid appraisal by team 

of researchers. The altitudes of the districts are almost similar (around 2400 masl) with 

average minimum and maximum temperatures of 6°C and 24°C, respectively. The 

study areas experience bimodal rainfall pattern, wet (June to September) and the dry 

(October to May) while February to April is a short rainy season. The districts are 

located 40 to 140 km west and 170 km North of Addis Ababa. 

  

Animals and management 

Based on the recommendations made from the research findings at HARC, crossbred 

calves received 3 kg of colostrums per day for 4 days after birth and a total of 260 kg 

of whole milk for 90±2 days at different stages until weaning. F1 crossbred calves are 

allowed to suckle during the pre-weaning period and are fed on native grass hay free of 

choice. They are supplemented with concentrate mixture composed of wheat bran, 

noug (Guizotia abyssinica) cake, and salt based on body weight change as 

recommended until mating. All crossbred calves were kept in door under similar 

management conditions. They were fed grass hay free of choice and supplemented 

with 1.5 – 2 kg of concentrate from weaning (approximately 90 days) until the average 

age was 180±5 days.  

 

Selections are made based on post weaning daily growth rate on the bases of individual 

and parental information. Based on this information, heifers are ranked in three 

categories as best, better and poor. Best performing heifers are retained for future 

breeding activity, while better ones are dispatched to the selected farmers for 

technology transfer and the poor performing ones are culled for other purposes. Cows 

are allowed to graze for eight hours during the daytime and are supplemented with 

concentrate based on their physiological states at night. Cows are also selected based 

on their individual and parental information.  
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Farmer selection 

Seventy-seven farm households (61 Males and 16 Females) were considered for this 

study. Farmers were selected from Wolmera (40), Dire Inchini (13) Dendi (18) and 

Wara Jarso (6) based on the criteria set by a team of researchers and relevant 

stockholders. Local government and technical staff responsible for selecting 

enlightened farmers for the technology transfer supported the criteria set.  Suitability of 

the selected sites for dairy production, accessibility, commitment of farmers to allocate 

required resources to buy the crossbred cows/heifer and to adhere to the working 

conditions were some of the criterion used for farmer selection. Farmers are obliged to 

establish an improved pasture of a recommended forage variety, adequate to sustain the 

animals all year-round. Farmers are also committed to handle the animals according to 

the given recommendations and refrain from either using for purposes unrelated to the 

study or selling them until the study had ended. Other stakeholders like, district 

livestock production and marketing agency has agreed to take responsibility to assist 

the farmers on their felt needs such as medical treatment, AI delivery etc on time. 

 

Farmers training 

Adequate trainings were given to the farmers on feeds and feeding, forage production 

and development (land preparation, planting, weeding, harvesting, storage and 

utilization) and all aspects of dairy production and management including housing, 

health care and calf rearing. Farmers were also trained on estrus (heat) detection and 

related reproductive management. 

 

Distribution of crossbred cows/heifers 

Prior to distribution of crossbred cows/heifers, preparedness of the selected farmers 

were evaluated by the team of researchers and other relevant stakeholders at the 

selected districts. A total of 77 crossbred cows and young heifers out of which some 

were in-calf, while the rest open were distributed to the prepared farmers on lottery 

(drawing) bases. Primarily development agents and team of researchers made close 

follow-ups at each site. 

  

Data collection and analysis 

Data on milk production was collected by periodical visits made to farmer‟s house and 

were summarized based on early, mid and late lactation while the lactation milk yields 

were summarized for the period the cow stayed in milk.  Milk price was collected once 

in a month by asking the farmer at the collection centers. Least squares procedures of 

SAS was used to analyze the data in which the four districts were considered as 

independent variable while the daily milk yield, lactation length and lactation milk 

yield were considered as dependent variables. 
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Results and Discussions 

 

Milk production performances 

Daily milk yield 

Least squares means of average daily milk yields (ADMY) of crossbred cows at 

different districts in the central highlands of Ethiopia are presented in Table 1. The 

milk yield performance of the cows varied significantly (p<0.05) between districts.  

The higher daily milk yield was recorded at Wolmera (9.43 ± 0.29) followed by Dire 

inchini (8.92 ± 0.41).  Lower milk yield performances were recorded at Dendi (7.89 ± 

0.41
 
kg) and Wara Jarso (6.62 ± 0.55 kg). The milk yield data were collected at early, 

mid and late lactations without taking into account part of milk suckled by calves 

before and after each milking. Since the genotype, the exotic blood level inheritance 

and the breed type were similar, the variability in milk production could be due to level 

of management factors applied by different farmers at each districts. On station 

evaluation of crossbred dairy cows during the initial stage indicated that Frisian Boran 

(FB) crossbred cows on average produced four to five times more milk than milk 

obtained from indigenous cows (Sendros et al., 1987). However, earlier results from 

on-farm evaluation of crossbred dairy cattle owned by smallholder farmers around 

Holetta, Debre Zeit, Arsi, and Bako. This indicated that the level of milk production of 

crossbred cows was lower than that of on-station yield even under better input supply 

(Gryseels and De Boodt, 1986; Kiwuwa et al., 1983; and Tesfaye et al., 1993).This 

could be attributed to the low awareness that farmers had during those periods 

 

The current result confirmed that in the central highlands of Ethiopia, selected 

crossbred cows could sustainably continue to produce more milk if appropriate 

management and tailored trainings are given to the smallholder farmers. Favorable 

environmental conditions for dairy production in the central highlands of the country 

also favor the production of more milk in the area. Improvement in nutritional status 

and dairy housing in line with proper dairy recording could significantly bring system 

changes at smallholder farmer‟s level in the highlands. 
 

      Table 1.   Daily milk yield (ADMY) of crossbred cows at the four dissects 

 

District N DMY ± se  (kg) Max  (kg) Min  (kg) 

Wolmera 27 9.43 ± 0.29a 10.65 6.98 

Dendi 14 7.89 ± 0.41b 9.32 5.78 

Wara Jarso (Gohatsion) 5 6.62 ± 0.55c 8.00 4.87 

Dire Ichni 14 8.92 ± 0.41ab 9.71 7.92 
abcMeans with different superscripts within a column are significantly different from each 

other (P<0.05) 
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Lactation milk yield and estimated lactation length  

The estimated lactation milk yield (LMY) and lactation length (LL) of crossbred cows 

in the four districts is shown in Table 2. The lactation milk yield was significantly 

(P<0.05) varied among the districts. The highest lactation milk yield was recorded at 

Wolmera followed by Dire Inchini and Dendi districts. Wolmera district has better 

accessibility to milk collection centre (market), required inputs for the cows 

(concentrate feeds, medications), and the cows were comparatively managed well.  

Artificial Insemination (AI) and animal health services at the district are also in a better 

position than the rest of the districts.  The lowest total lactation milk yield was 

recorded at Wara Jarso (Gohatsion) district. This could be due to lower accessibility of 

improved dairy technologies such as less number improved genotypes, limited access 

to concentrate feeds, and other inputs and comparatively low management level 

applied by the farmers. The estimated high lactation milk yield observed in most of the 

study areas could be because cows were subjected to stay in milk for prolonged 

lactation period, which is demanded by the farmer to earn more income from milk. The 

variations in lactation length could be attributed to extended milking days without 

timely drying off to increase annual milk income, lack of heat detection practices and 

AI delivery system in this study. However, the lactation length recorded in this study 

was comparable to the figure reported for crossbreds in some parts of the central 

highland (Mulugeta & Belayneh, 2013; Enyehu et al., 2000). In some cases, the 

farmers because of the great demand for milk milk pregnant cows. Practically, cows 

are milked up to seven months of pregnancy stage if they are properly fed and well 

managed.  

 

The current achievements from dairy technology transfer significantly contributed to 

the livelihood of farmers in the central highlands of Ethiopia. Availability of more 

crossbred cows at smallholders can reduce the national demand for improved dairy 

cattle.  Increased milk production at the national level can save foreign currency spent 

on importation of powder milk. 
 

Table 2.  Lactation milk yield  and lactation length ofcrossbred cows  

 

Location N LMY± se  (kg) LL (days) 

Wolmera 27 4025.35 ± 173.30a 432.14 ± 11.72ab 

Dendi 14 3164.57 ± 240.67 b 403.14 ± 1.27ab 

Wara Jarso (Gohatsion) 5 2986.50 ± 318.38 b 450.87 ± 21.53a 

Dire Inchini 14 3486 ± 240.67ab 388.92 ± 16.27b 
a-bMeans with different superscripts within a column are significantly different from each other (P<0.05) 

 

Beneficiary farmers have witnessed that they have improved their living standards with 

the use of dairy technology. They have indicated that they collected more milk above 

their families‟ requirements and have started to take surplus milk to market.  
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Additional income was gained from the sale of milk and milk products. More 

opportunities are created for the farmers to buy additional crossbred cows and to 

expand their farm to dairy commercialization. 

  

In general, the success of dairy technology transfer in the central highlands is due to 

the applications of appropriate technology and tailor training for proper target groups. 

Currently, more farmers in the highlands are willing to replace the local cows with 

better yielding improved breeds because of increased milk production and additional 

income gained from the technology. This could ultimately lead to the intensification of 

dairy production.  

 

Milk marketing 

In the central highlands of Ethiopia, milk and milk products are important sources of 

economic wellbeing to the smallholders. Women farmers cover their household 

expenses from sale of milk and milk products. Fresh milk is sold at milk collection 

centers and/or at farm gates. The price of milk fluctuates based on the fasting and non-

fasting periods. The overall milk price during fasting season at Wolmera, Dendi, Wara 

Jarso and Dire Inchini was 10.5, 7.50, 8.50 and 12.00 Birr per liter, respectively (Table 

3). Milk price across the four districts ranged from 7.50 to 12.00 Birr per liter. The 

beneficiary farmers in the districts on average could generate 51 to 107 Birr per day 

from a single dairy cow. The income from milk sale is paid to the farmers every two 

weeks. Except Wolmera, the other districts are out of reach to cooperatives and other 

milk collection schemes. Farmers at Dendi and Wara Jarso had no options to bargain 

and dispose their product to preferred collector, and hence obliged to sale with price 

offered by any collector. However, the milk price in the central highlands does not 

differ much from place to place. The distance from farmers‟ house to the milk 

collection scheme also seems to have reasonable impact on milk marketing system.  

 

Farmers at Dire Inchini have organized themselves and established dairy cooperatives 

at the town and opened milk collection and distribution house (café) and sale milk to 

consumers at 12.00 Birr per litter. During the fasting season, milk is collected and kept 

for making yogurt (Ergo). A cup of yogurt is sold at six Birr. A kg of yogurt is sold at 

18 Birr. Gross annual income of beneficiary farmers in the study areas ranged from 

20272.50 at Wara Jarso to 38571.42 at Dire Inchini from a single crossbred cow (Table 

3). In general as stated by Nega, 2006, milk output can be increased on average by 

21% with the existing technology by training dairy farmers on better production 

techniques like proper feeding, husbandry practices, milking, milk marketing as well as 

other management skills. Hence, there is significant scope to increase output without 

costly investments to boost milk production and meet the rising demand for dairy 

products in Ethiopia.  
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Table 3. Milk price (Birr) and revenue from single crossbred cows 

 

Variables District 

Wolmera 
(N =27) 

Dendi 
(N= 14) 

Wara Jarso 
(N = 5) 

Dire Inchini 
N= 14 

Milk price (Birr) 10.50 7.50 8.50 12.00 

Daily milk yield (kg) 9.42±0.20 7.89±0.41 6.62±0.54 8.92±0.41 

Daily income (Birr) 98.97±3.24 51.14±4.56 56.31±5.96 107.14±4.50 

Monthly income(Birr) 2969.16±97.35 1775.89±135 1689.37±178 3214.28±135.20 

Estimated annual income 35630.00±1168 21310.74±162 20272.50±214 38571.42±162 

 

This study revealed that applications of full packages of improved dairy technology 

(improved crossbred dairy cattle, feed, management and training) for carefully selected 

smallholder farmers could help to realize a growing annual income and assist the 

farmers to diversify their income sources. 

 

The awareness and knowledge gained from training and demonstrations on dairy 

technology helped the farmers to keep more number of crossbred dairy cows with a 

vision to develop commercial dairy production. Beneficiary farmers have developed 

confidence on handling and management of crossbred dairy cows. The demand for 

crossbred cows is increasing and far in excess of the current supply.  

 

The increasing demand and attractive milk price could broaden the scope for extending 

a similar approach to other sites where the technology has not reached.  This in turn 

would help to increase the number of crossbred animals and thereby reduce the 

demand-supply gap of improved dairy breeds. Lessons learned from the present study 

could serve as a milestone for the on-farm crossbred dairy improvement program at 

national level.  

 

In this study, it was realized that success and achievements gained in dairy technology 

transfer is resulted from experiences gained from research institutes (Training skills 

and knowledge acquired). The approaches could promote the smallholder dairy farmers 

to specialized commercial dairy farms in the central highlands of Ethiopia. Regular 

farmers‟ training on dairy production and management is required to support the 

stallholders to sustain the productivity of their dairy cows. Maximization of good 

practice of feedings and forage production could enable the farmers to maintain 

improved animals. Strengthening linkages between stakeholders, availing the required 

information and viable interventions in sustainable way is important to promote 

smallholder dairy production and on-farm crossbred dairy improvement program at lar 
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Introduction 
 

The extent of phenotypic variation is valuable to select and utilize different camel 

populations based on their specific characteristics and body conformation in breeding 

programs. The presence of different camel populations in morphology, productive and 

adaptive characters may provide a basis for selection and improvement (Yosef et al., 

2014). 

 

Despite the camel's considerable contribution to food security in semi arid and arid 

areas as compared to other domestic animals. The study on camel production system, 

phenotypic and genetic characterization is scanty (Yohannes et al., 2007) and there is 

serious lack of information on camel production potential and production systems in 

southern Ethiopia. These hindered the formulation of appropriate strategy for 

utilization of existing potential of camel genetic resources and establishment of 

breeding programs. Given the current importance of camels in contributing to the 

livelihoods of large human population in marginal areas, and the role it plays towards 

resilience to present climate change, it is imperative to identify and differentiate the 

phenotypic characteristics of camel populations in Borena zone of Southern Ethiopia 

based on FAO guidelines. 

  

Therefore, the objectives of this study were to characterize the production system and 

phenotypically characterize camels based on quantitative and qualitative traits in 

Yabello and Melka Soda districts of Borena zone.  

 

Materials and Methods 

 

The study area 

The study was conducted in two districts namely, Yabello and Melka Soda in Borena 

zone, Oromia Regional State. Yabello is the zonal town of Borane and is situated in 

mailto:berhanub06@gmail.com
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Latitude/Longitude: N 4° 52' 59.99" E 38° 4' 59.99". Melka Soda district is located in 

the northeastern part of Borena zone. Astronomical location of Melka Soda Woreda is 

between 35
0
 East& 30

0
 West. 

 

Sampling and data collection 

Discussions were held with the experts in the zonal and district Pastoral Development 

Offices and representative pastoral community on the present production system, 

condition and concentration of the Boran camels. Data were collected through the 

designed semi-structured questionnaires from 192 randomly selected camel owning 

households. Qualitative and quantitative traits were recorded from 51 mature males and 

249 mature female camels. Seventheen linear measurments were taken by tape meter 

and recorded by centimeter: heart girth, body length, wither height, ear length, fore 

limb length, hind limb length, barrel girth, face length, hip width. Moreover,chest 

width, chest depth, tail length, neck length, hump length, hump circumference, fore 

hoof circumference,  hind hoof circumference, and body weight by Kg was calculated 

by formula of Yagil,1994.  

 

Moreover, seven qualitative traits including coat color pattern, coat color type, hair 

type, face profile, ear orientation, nose shape and lip shape were physically examined 

and recorded. The camels in both districts were categorized under two age groups (less 

than 5 and greater than 5 years). This is done depending on the average age of maturity 

after taking the information on the age of camels when they are reaching sexual 

maturity from the experienced camel owners. According to the feedback from 

pastoralists during the discussion, age less than five is the age before maturity but 

camels greater than five years are considered mature. 

 

Body weight estimation was made using Barymetric weight estimation formula of 

Yagil (1994): 

 

Y = SH × CG × BG × 50 

 

Where,      Y = the weight in kg. 

SH = the height at shoulder in meters. 

CG = the chest girth behind the chest pad in meters. 

BG = the barrel girth over the highest part of the hump in meters. 
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Results and Discussions 

Production system characterization 

The trend of livestock population in the study areas is summarized in Table 1. Majority 

of the respondents (96.88% in Yabello and 97.92% in Melka Soda) responded that, the 

camel population showed an increasing trend from time to time.  

 

In both districts, major income is generated from camel rather than other livestock 

indicating the importance of camel in more arid areas than other livestock species 

under the current scenario of climate change. This is in agreement with earlier study 

(Bekele et al., 2008) who noted increased aridity in Borena Zone shifted the principal 

stock gradually from cattle combined with small stock to camels combined with small 

stock. In determination of wealth among the Borena pastoral community the presence 

and absence of camel together with cattle are considered. In this regard, CARE (2009) 

reported that Borena pastoralists recognized camels as providing long-term livelihood 

security in terms of milk production and improved social status. 

 
Table 1.   Population trends of major livestock species in the study areas 

 

Species District 

Yabello Melka Soda Overall 

N % N % N % 

Camel       

Increasing 93 96.88 94 97.92 187 97.40 

Decreasing - - - - - - 

Stable 3 3.12 2 2.08 5 2.60 

Cattle       

Increasing 13 13.54 9 9.38 22 11.46 

Decreasing 75 78.13 85 88.54 160 83.33 

Stable 8 8.33 2 2.08 10 5.21 

Goat       

Increasing 74 77.08 74 77.08 148 77.08 

Decreasing 20 20.83 22 22.92 42 21.88 

Stable 2 2.08 - - 2 1.04 

N= Number of households 
 

Purpose of keeping camels 

The rank for the different purposes of camel keeping in the study area is presented in 

Table 2. The reasons for keeping camels are rational and related to the pastoralists‟ 

need in the long or short term. Camel milk sale was the main source of income. Few of 

the respondents have no opportunity of selling camel milk for the reason that either 

they did not have a lactating camel or the produced milk was not surplus enough to 

sale. The results of this survey showed that most of the pastoralists in both sample 

districts primarily reared camels for milk. This agrees with the work of Farah et al., 
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(2004), who noted that the husbandry and management practices of the Somali camel 

herders are geared towards the improvement of milk production and the continuous 

supply of milk for the family‟s needs throughout the seasons. Rearing camels for meat 

stood second in both districts.  

 

Pastoralists in the study areas were not interested to sell their replacement stock unless 

they are highly in need of money for very important matters. The work of Getnet 

(2004) stated that, even if pastoralists expect the upcoming month would be much 

worse than the recent month, they still want to keep their animals, especially the camel 

cow for their optimistic expectation of the coming good months.  
 

                    Table 2. Purpose of keeping camels in the study areas 

 

Purpose of 

keeping camels 

District 

Yabello Melka Soda 

Rank 

1 

Rank 

2 

Rank 

3 

Index Rank 

1 

Rank 

2 

Rank 

3 

Index 

Milk production 14 8 5 0.330 16 5 7 0.339 

Meat production 9 12 6 0.297 8 15 8 0.323 

Work/draught 1 3 4 0.071 0 4 4 0.063 

Stud Breeding 0 0 2 0.010 1 0 1 0.021 

Conflict 

resolution 

0 1 0 0.010 0 0 1 0.005 

Selling for 

money 

7 5 13 0.229 6 6 10 0.208 

Social security 0 2 0 0.021 0 1 0 0.010 

Dowry 0 0 2 0.011 0 1 0 0.010 

Ceremonies 0 0 0 0.000 0 0 0 0.000 

Cultural/Social 

status 

1 1 0 0.021 1 0 1 0.021 

Index= sum of (3 X purpose of keeping camel ranked first + 2 X purpose of keeping camel 

ranked second + 1 X purpose of keeping camel ranked third) given for each districts divided by 

sum of (3 X purpose of keeping camel first + 2 X purpose of keeping camel ranked second + 1 

X purpose of keeping camel ranked third) for both district. 

 

Milking frequency 

The frequency of milking camels in the study areas is shown in Table 3. According to 

the respondents, camels are milked two times per day in both districts (85.42%).  Milk 

is a usual and favorite food for Borena camel owners. Daily milk yield of Yabello 

camels range from 1.50-9.20 liters per a day and Melka Soda camels range from 1.05-

6.0 liters per a day depending on feed availability, season and water access.  
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Table 3. Milking frequency of camel in Yabello and Melka Soda districts 

 

Milking frequency Districts Overall 

Yabello Melka Soda 

N % N % N % 

Once in a morning 3 3.13 5 5.21 8 4.17 

Once in evening 7 7.29 11 11.46 18 9.38 

Twice per a day (morning and evening) 84 87.5 80 83.33 164 85.42 

Three times per a day (morning, mid-day and evening ) 2 2.08 - - 2 1.04 

N=Number of households 

Selection criteria 

According to this study, the traits used to select breeding camels of both sexes are 

shown in Table 4. Body size/appearance, growth rate, color and libido were the most 

important traits used to select breeding male camels. Male camels that have large body 

size and grow at faster rate are most preferred by most of the pastoralists in both sites. 

Unlike for male camels, age at first calving was the most highly rated traits in selecting 

breeding female camels (37% in Yabello and 38% in Melka Soda). Growth rate was 

also considered in selecting breeding females in both Yabello and Melka Soda districts.  

 

Breeding management 

Table 5 shows the breeding management of camels in the study areas. It was found that 

most of the pastoralists (64.06%) practiced uncontrolled mating system. The primary 

reasons for uncontrolled mating were mixed herding and tradition of sharing serving 

camel. They did not know about the negative effect of inbreeding and they allow a sire 

to mate his own mother, daughter and sister.  
  

             Table 4. Selection criteria to select breeding male camels and female camels as ranked by respondents 

 

Criteria District 

Yabello Melka Soda 

Rank 

1 

Rank 

2 

Rank 3 Index Rank 

1 

Rank 2 Rank 

3 

Index 

For selecting male breeding camels 

Size /appearance 16 9 10 0.396 14 10 8 0.365 

Color 5 11 7 0.229 6 9 14 0.260 

Growth 11 11 14 0.359 12 12 8 0.354 

Libido 0 1 1 0.016 0 1 2 0.021 

For selecting female breeding camels 

Size /appearance 6 15 5 0.276 6 12 7 0.255 

Color 1 3 10 0.099 0 4 7 0.078 

Growth 7 8 12 0.255 9 9 10 0.287 

Age at first calving 18 6 5 0.370 17 7 8 0.380 

Index= sum of (3 X selection criteria ranked first + 2 X selection criteria ranked second + 1 X selection criteria ranked 

third) given for each districts divided by sum of (3 X selection criteria ranked  first + 2 X selection criteria ranked second 

+ 1 X selection criteria ranked third) for both district. 
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In domestic breeding herds, usually one male is kept for many females. There is a strict 

hierarchical dominance relationship between males, established by competition during 

the mating season. The dominant male usually performs most of the mating (El-Amin, 

1984). There was no special management for breeding male camels in both districts. 

Almost all pastoralists used one breeding male camels for the entire herd. The reasons 

put forward by respondents include adequacy of one breeding male camel for the entire 

herd, to avoid fighting, for improved conception, and in order to get similar types of 

offspring, though it is leading to inbreeding. Among all the respondents in both 

districts only 24.48%, select the male breeding camels and only 21.87% reported to 

select female breeding camels.  

 

Camel production constraints 

Table 6 indicates the major problems of camel production in the study areas according 

to the respondents.  Identifying the constraints of camel production is a base to solve 

the problems and to improve camel productivity. This study showed that feed shortage 

ranked first in both study districts. On the other hand, water shortage ranked second in 

Melka Soda whereas it is the third most important constraint in Yabello district. This 

indicates that the intensity of constraints to camel production vary from district to 

district. This finding is in agreement with Alemayehu (2001) who stated that the major 

problems of camel production in Afar and Kereyu areas were disease, feed and water 

shortage. 

 

Characterization of reproductive performance of camels in the study 

areas 

As shown in the Table 7 below, there was no significant difference (P>0.05) between 

the camels in both districts with respect to age at first mating for female camels, age at 

first calving and average calving interval.   

 

Age at first calving was 62.03 ± 5.80 months (5.17 years) and 63.10±5.76 months for 

Yabello and Melka Soda camels populations, respectively. This study shows the longer 

age at first calving than the figure (5 years) reported by Tefera and Gebreah (2001).  

The mean calving interval was 23.03±2.59 months for Yabello camels and 23.78±3.23 

months for Melka Soda camels. The present study for age at first calving is shorter than 

the study undertaken by Simenew et al., (2013) who reported 63.15±6.78 months for 

Afar camels. 
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Table 5. Breeding practices of pastoralists in the study area 

Breeding management District 

Yabello Melka Soda Overall 

 N % N % N % 

Selection  male breeding camels 

Yes 

No 

 

20 

76 

 

20.83 

79.17 

 

27 

69 

 

28.13 

71.88 

 

47 

145 

 

24.48 

75.52 

Selection  female breeding camels       

Yes 19 19.79 22 23.96 42 21.87 

No 77 80.21 73 76.04 150 78.13 

Mating systems       

Controlled - - - - - - 

Partially controlled 37 38.54 32 33.33 69 35.94 

Uncontrolled 59 61.46 64 66.67 123 64.06 

If uncontrolled, could be able to 

identify the sire of a Kid? 

      

Yes 14 14.58 7 7.29 21 10.94 

No 82 85.42 89 92.71 171 89.06 

Allowance of female camels to be 

served by any male camels? 

      

Yes 73 76.04 67 69.79 140 72.92 

No 23 23.96 29 30.21 52 27.08 

Allowance male camels to serve 

female camels other than own? 

      

Yes 85 88.54 87 90.63 172 89.58 

No 11 11.46 9 9.37 20 10.42 

Source of breeding male camels       

Born in the herd 55 57.29 49 51.04 104 54.17 

Purchased 6 9.38 7 7.29 13 6.77 

From neighbor 35 36.46 40 41.67 75 39.06 

N=Number of household, M/Soda=Melka Soda 

 
             

             Table 6.  Major constraints of camel production in the study area 

 

 

Constraints 

District 

Yabello Melka Soda 

Rank 

1 

Rank 

2 

Rank3 Index Rank1 Rank 

2 

Rank 

3 

Index 

Feed shortage 20 3 1 0.349 15 5 7 0.323 

Water shortage 3 13 15 0.260 11 8 10 0.307 

Disease 8 16 2 0.302 6 14 4 0.260 

Thief 0 0 1 0.005 0 0 1 0.005 

Conflict 1 0 11 0.073 0 4 9 0.089 

Infrastructure 0 0 2 0.011 0 1 1 0.016 

Index = sum of [ 3 for rank 1 + 2 for rank 2 + 1 for rank 3] for particular constraints divided by sum 

of [ 3 for rank 1 + 2 for rank 2 + 1 for rank 3] for all constraints 
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                Table 7. Reproductive performance of camels in the study areas 

 

Reproductive traits Yabello Melka Soda Overall Test 

Mean ± SD Mean ± SD Mean ± SD 

Age at first mating for 

male (month) 

65.60±6.18a 66.84±6.52b 

 

66.22±6.46 *** 

Age at first mating for 

female (month) 

49.49±5.65 50.13±5.63 49.81±5.83 ns 

Age at first calving 

(month) 

62.03 ± 5.80 63.10 ± 5.76 62.57±5.95 ns 

Reproductive life span of 

male camels (month) 

282.40 ± 28.88b 279.42±29.96a 280.91±30.69 *** 

Reproductive life span of  

female camels (month) 

270.95 ± 27.63b 263.95±31.75a 267.45±30.79 *** 

Avg calves per camel 

(number) 

10.39 ± 2.09b 9.71±2.29a 10.05±2.29 *** 

Avg calving interval 23.03±2.59 23.78±3.23 23.41±2.95 ns 

Ns = Non-significant (P > 0.05); ***P < 0.05; SD = standard deviation; Avg=Average 

Phenotypic characterization  

Morphological traits 

The major qualitative traits of the Yabello and Melka Soda camels are presented in 

Table 8. The most observed coat color patterns in both study sites particularly for 

females were plain coat color (93.50% in Yabello and 96.83% in Melka Soda). Dark 

brown coat color is dominant in Yabello for both sexes (30.37% for male and 52.03% 

for female).  

 

The chi-squasre test  for assumption of equal proportion of categorical variables in 

both Yabello and Melka Soda sample camels indicated that among the variables 

considered in this study; coat color pattern, coat color type, hair type, ear orientation, 

face profile and lip shape were found to significantly (P<0.05) differ for their 

attributes. However, nose shape was not significantly (P>0.05) different for both 

attributes (almost similar proportion of camels with flat and concave shaped nose) 

across both districts. More of the camels in the study area had plain coat pattern 

(95.0%), dark brown coat color (50.33%), rough hair type (67.0%), erect ear 

orientation (82.0%), straight face (68.00%), and pendulous lip (81.33%). 

 

Live body weight and linear body measurements 

Body weight and linear body measurements for Yabello and Melka Soda camels at 

different ages are presented in Table 9. 

 

District effect: District had significant effect (P<0.05) on quantitative variables; face 

length, heart girth, barrel girth, body weight, hip width and hump circumference. For 

heart girth, barrel girth, body weight, hip width and hump circumference, camels in 

Yabello district had significantly lower values (P<0.05) than camels in Melka Soda 
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district. Heart girth, barrel girth and body weight were 202.22±0.83cm, 224.78±0.83cm 

and 423.10±4.23kg for Yabello and 210.81±0.86cm, 233.55±0.79cm and 

459.94±4.48kg for Melka Soda, respectively. The measurements of Yabello camels 

were not congruent with the result of Yosef et al., (2014) who reported 207.12±0.94cm 

for heart girth of Hoor camels and 440.44±7.27kg for weight of Jigjiga camels but 

heart girth of Melka Soda camels was similar to the figure  (211.20±1.36cm) reported 

for Gelleb camels (Yosef et al.,2014).     

 

The wide hip and heavy weight exhibited by Melka Soda camel populations shows 

their potential for meat production. This result is in agreement with Abebe (1991) who 

reported that Gelleb and Liben camels have a greater potential in terms of meat 

production with wide chest and hip and heavy weight. 
       

                 Table 8. Summary of the qualitative traits of camels in the study areas 

Character Attribute Yabello Melka Soda  

Sex Sex  

Male Female Male Female Overall 

N (%) N (%) N (%) N (%) N (%) 

Coat color pattern Plain 26 (96.30) 115 (93.50) 22 (91.67) 122 (96.83) 285 (95.00)b 

Patchy 1 (3.70) 8 (6.50) 2 (8.33) 4 (3.17) 15 (5.00)a 

X2     243.00* 

Coat color Dark brown 19(30.37) 64 (52.03) 8 (33.33) 60 (47.62) 151 (50.33)c 

Golden 1 (3.70) 15 (12.20) 3 (12.50) 17 (13.49) 36 (12.00)a 

Whitish 7 (25.93) 44 (35.77) 13 (54.17) 49 (38.89) 113 (37.67)b 

X2     68.66* 

Hair type Smooth 6 (22.22) 41 (33.33) 10 (41.67) 42 (33.33) 99 (33.00)a 

Rrough 21(77.78) 82 (66.67) 14 (58.33) 84 (66.67) 201 (67.00)b 

X2     34.68* 

Face profile Straight 12 (44.44) 80 (65.04) 17 (70.83) 95 (75.40) 204 (68.00)b 

Convex 17 (55.56) 43 (34.96) 7 (29.17) 31 (24.60) 96 (32.00)a 

X2     38.88* 

Nose shape Flat 13 (48.15) 51 (41.46) 13 (54.17) 72 (57.14) 149 (49.67) 

Concave 14 (51.85) 72 (58.54) 11 (45.83) 54 (42.86) 151 (50.33) 

X2     0.01NS 

Ear orientation Erect 22 (81.48) 100 (81.30) 19 (79.17) 105 (83.33) 246 (82.00)c 

S/P 2 (7.41) 7 (5.69) 1 (4.17) 5 (3.97) 15 (5.00)a 

Horizontal 3 (11.11) 16 (13.01) 4 (16.67) 16 (12.70) 39 (13.00)b 

X2     322.62* 

Lip shape Pendulous 23 (85.19) 102(82.93) 18 (75.00) 101 (80.16) 244 (81.33)b 

tight 4 (14.81) 21 (17.07) 6 (25.00) 25 (19.84) 56 (18.67)a 

X2     117.81* 

N=number of households; Ns=non-significant;*P<0.05, S/P = semi-pendulous 

 

Sex effect: The least square means for the effect of sex were significant (P<0.05) on 

body length, forelimb length, hind limb length, wither height, heart girth, barrel girth, 

body weight, chest width, tail length, hump circumference, hump length, fore hoof 
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circumference and hind hoof circumference whereas the remaining were not 

significantly (P>0.05) affected by sex. Male camels were higher than female camels in 

all significantly affected variables except hump circumference and hump length (Table 

9). 

 

The presence of significant differences in 13 of 18 measured linear body measurements 

between male and female camels suggests the existence of sexual dimorphism in 

camels. Likewise, Yohannes et al., (2007) reported the existence of sexual dimorphism 

in Jigjiga camels. This result is also in agreement with findings of Mehari et al., (2007) 

who stated that there is quite distinctive sexual dimorphism in camels, i.e., the male 

camel is usually taller and heavier in weight than the females. The higher values of the 

measured traits for male camels might be attributed to physiological induces and 

activities in the different sexes. 

  

Age effect: Body weight and all the body measurements were significantly (P<0.05) 

affected by age group. All the body weight and body measurements were increased 

with an increase in age. The results of this study showed that the age of camel had a 

significant effect on the linear body measurements. This is in agreement with the 

finding of Ishag et al., (2011) who stated that the age of camel had a significant effect 

on the phenotypic measurements.  

 

Correlation between body weight and linear body measurements 

The Pearson's correlation coefficient among quantitative variables for all age group of 

male and female camels is presented in Table 10. Body weight was significantly 

(P<0.05) correlated with all continuous traits of both male and female camels 

considered in this study except neck length, hump length, fore hoof circumference and 

hind hoof circumference in male camels.  

 

In male sample populations of linear body measurements, heart girth and barrel girth 

had strong positive correlation (r= 0.93) with body weight followed by wither height 

(r=0.81).The strong positive and significant correlation of body weight with barrel 

girth and heart girth suggest that these variables could provide a good estimate in 

predicting live weight for the population.  

 

In female sample camels body weight had strong positive and significant (P<0.05) 

correlation with heart girth (r=0.95) followed by barrel girth (r=0.93) and this indicates 

that heart girth could provide a good estimate in predicting live weight than other 

variables.  
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This study has described the basic morphological characterstis of camels in Yabello 

and Melka Soda districts. It has also given the camel production systems in the area. 

This information is bases for future gentic improvement and over all improvement in 

production and productivity of camels. Further detailed studies are also required for 

advanced uses in the improvement of camels in Ethiopia and beyond. 
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Table 9. Body weight (kg), and linear body measurements (cm) as affected by district, sex, age group and their interactions 

 
Effect and level N EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

Overall 300 10.55± .27 133.09±2.02 146.52±1.92 181.23±
1.59 

35.57±1.07 185.20±
1.56 

206.90±
2.12 

229.16±
1.96 

441±9.98 38.40±0.66 37.72±0.58 51.88±1.50 115.95±
1.60 

1.61±0
.98 

116.98±1.4
9 

27.22
±0.7

9 

60.43
±0.9

3 

52.89
±1.1

0 

CV%  11.15 6.68 5.78 3.86 13.11 3.72 4.51 3.77 9.96 7.53 6.75 12.69 6.08 8.35 5.60 12.58 6.77 9.14 

R2  .34 .31 .30 .32 .16 .38 .29 .37 .40 .17 .36 .15 .17 .13 .22 .34 .30 .23 

District  NS NS NS NS * NS * * * * NS NS NS NS * NS NS NS 

Yabello 150 10.53±.11 133.17±.87 146.19±.86 181.20±.
66 

36.06±.42b 184.66±.
72 

202.98±.
83a 

224.78±.
83a 

423.10±4.23
a 

37.63±.23a 37.63±.27 51.12±.60 115.63±.
53 

51.36±
.42 

115.85±.56
a 

27.19
±.35 

60.32
±.40 

53.18
±.48 

M/S 150 10.56±.12 133.01±.87 146.84±.78 181.25±.
72 

35.01±.40a 185.74±.
69 

210.81±.
86b 

233.55±.
79b 

459.94±4.48
b 

39.17±.26b 37.81±.23 52.64±.56 115.27±.
71 

51.85±
.32 

118.11±.63
b 

27.26
±.34 

60.54
±.38 

52.59
±.42 

Sex  NS * * * NS * * * * NS * NS NS * * * * * 

Male 51 10.68±.17 136.98±1.32b 153.34±1.22b 188.30±
1.02b 

36.59±.68 195.37±.
99b 

212.20±
1.35b 

235.27±
1.25b 

488.99±6.37
b 

38.83±.42 40.78±.38b 53.24±.95 115.34±
1.03 

52.94±
.62b 

114.32±.95
a 

22.68
±.50a 

64.77
±.59b 

56.50
±.70b 

Female 249 10.54±.08 132.66±.56a 145.32±.54a 179.91±.
44a 

35.52±.30 183.26±.
44a 

206.00±.
59a 

228.12±.
54a 

433.00±2.79
a 

38.35±.02 37.13±.16a 51.75±.42 116.16±.
45 

51.42±
.27a 

117.61±0.4
2b 

28.15
±.22b 

59.60
±.26a 

52.24
±.31a 

Age group  * * * * * * * * * * * * * * * * * * 

5 yrs 144 11.32±.34b 141.22±1.09b 153.98±1.04b 187.50±.
86b 

38.43±.57b 192.41±.
86b 

213.02±
1.15b 

236.04±
1.06b 

485.37±5.42
b 

39.50±.36b 39.98±.31b 55.23±.81b 118.29±.
87b 

53.90±
.53b 

118.51±.81
b 

26.17
±.42b 

63.76
±.50b 

56.43
±.60b 

<5 yrs 156 9.91± .14a 128.42±.88a 144.69±.84a 180.71±.
69a 

33.69±.46a 186.22±.
68a 

205.17±.
93a 

227.35±.
86a 

436.61±4.36
a 

37.68±0.30a 37.93±.25a 49.77±.65a 113.20±.
70a 

50.47±
.43a 

113.42±.65
a 

24.66
±.34a 

60.60
±.41a 

52.31
±.48a 

a,b,cmeans on the same column with  different superscripts within the specified age group are significantly different (P<0.05); Ns = Non-  significant (P>0.05); BW = Body weight; BL = Body Length; HG = Heart Girth; BG= Barrel girth; WH = Wither height; FlL= Forelimb length; HlL= 
Hindlimb length; FL= Face length;  EL = Ear Length; TL = Tail Length; HW= Hip width; CW= Chest width; CD= Chest depth; NL= Neck length; HC= Hump circumference; HL= Hump length; FHc= Fore hump circumference; HHc= Hind hump circumference; yrs= years 
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Table 9. Continued 
Effect and 
level 

N EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

Sex by age  NS NS NS NS * NS NS NS NS NS NS NS NS NS NS * NS NS 

Male, >5 yrs 19 11.43±.11 144.33±2.
04 

157.62±1
.94 

191.15±1
.60 

39.82±1.
07c 

198.39±1
.58 

215.95±
2.14 

239.56±1
.9 

513.86
±10.0

9a 

39.59±.6
6 

41.52
±.58 

56.23
±1.51 

117.14±
1.62 

54.83
±.99 

116.26
±1.50 

26.70±.
31b 

65.99
±.99 

58.38
±1.11 

Female, >5 
yrs 

125 11.21±.27 129.63±1.
57 

149.07±1
.50 

185.44±1
.23 

37.05±.4
2b 

192.35±1
.22 

210.10±.
83 

232.51±.
77 

464.12
±7.78

b 

38.06±.5
1 

40.04
±.45 

54.23
±.59 

119.44±.
63 

52.96
±.39 

120.76
±.59 

29.60±.
31c 

63.55
±.72 

54.62
±.85 

Male, < 5 yrs 32 10.12±.21 138.11±.8
0 

150.34±.
76 

183.85±.
63 

34.00±.4
2a 

186.43±.
62 

208.45±
1.65 

230.98±1
.53 

456.89
±3.93

b 

39.41±.2
6 

38.44
±.23 

50.24
±1.17 

112.87±.
63 

51.06
±.76 

112.38
±1.16 

22.63±.
61a 

61.53
±.37 

54.48
±.43 

Female, <5yrs 124 9.66±.11 127.20±.8
0 

140.31±.
76 

175.98±.
63 

33.37±.8
2a 

180.09±.
62 

201.88±.
84 

223.73±.
78 

409.11
±3.95c 

37.29±.2
6 

35.81
±.23 

49.27
±.59 

113.53±
1.24 

49.89
±.39 

114.47
±.59 

22.74±.
79a 

57.66
±.37 

49.99
±.43 

Age by district  NS NS NS * NS NS NS NS NS * * NS NS NS NS NS NS NS 

>5yrs, Yabello 70 11.45±.16 140.03±1.
18 

153.98±1
.12 

186.84±.
92b 

37.85±.6
2 

192.32±.
91 

211.32±
1.23 

231.07±1
.14 

463.13
±5.82

b 

38.50±.3
8b 

40.86
±.33d 

54.17
±.87 

117.99±.
93 

53.74
±.57 

117.07
±.86 

26.63±.
46 

63.89
±.54 

56.79
±.64 

>5yrs, M/S 74 11.51±.15 140.66±1.
15 

154.63±1
.09 

188.99±.
89c 

37.45±.6
1 

192.69±.
89 

217.94±
1.20 

241.02±1
.11 

506.36
±5.67

b 

40.73±.3
7c 

39.85
±.32c 

55.82
±.85 

119.84±.
91 

53.76
±.56 

120.92
±.84 

26.93±.
45 

64.27
±.53 

56.38
±.62 

<5yrs, Yabello 80 9.85±.14 129.50±1.
10 

144.29±1
.01 

181.37±.
83a 

34.90±.5
6 

185.26±.
82 

202.03±
1.11 

223.55±1
.03 

421.38
±5.24

a 

37.12±.3
4a 

37.25
±.30a 

49.28
±.78 

113.23±.
84 

50.15
±.51 

112.92
±.78 

24.56±.
41 

60.39
±.49 

52.62
±.58 

<5yrs, M/S 76 9.78±.15 128.16±1.
11 

144.74±1
.10 

179.44±.
86ba 

33.23±.5
9 

187.15±.
86 

205.04±
1.15 

231.05±1
.07c 

451.99
±5.47 

38.00±.3
6ab 

38.39
±.31b 

50.46
±.82 

112.42±.
88 

50.97
±.54 

113.28
±.81 

24.10±.
43 

60.48
±.51 

51.82
±.60 

a,b,cmeans on the same column with  different superscripts within the specified age group are significantly different (P<0.05); Ns = Non-  significant (P>0.05); BW = Body weight; BL = Body Length; HG = Heart 

Girth; BG= Barrel girth; WH = Wither height; FlL= Forelimb length; HlL= Hindlimb length; FL= Face length;  EL = Ear Length; TL = Tail Length; HW= Hip width; CW= Chest width; CD= Chest depth; 

NL= Neck length; HC= Hump circumference; HL= Hump length; FHc= Fore hump circumference; HHc= Hind hump circumference; yrs= years 
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Table 10. Correlation coefficients among body measurements and weight of males and females of Yabello and Melka Soda camels (values above the diagonal are for males and below the diagonal are for females) (N= 51 for male; N= 

249 for females) 

 EL BL FlL HlL FL WH HG BG BW HW CW CD NL TL HC HL FHc HHc 

EL  0.44* 0.44* 0.53* 0.29* 0.44* 0.37* 0.37* 0.44* 0.34* 0.36* 0.20ns 0.34* 0.30* 0.44* 0.23ns 0.42* 0.43* 

BL 0.50*  0.69* 0.64* 0.62* 0.63* 0.59* 0.45* 0.62* 0.41* 0.33* 0.62* 0.52* 0.42* 0.36* 0.01ns 0.48* 0.46* 

FlL 0.54* 0.89*  0.66* 0.54* 0.62* 0.61* 0.53* 0.64* 0.34* 0.44* 0.34* 0.37* 0.40* 0.38* 0.36* 0.39* 0.50* 

HlL 0.61* 0.72* 0.76*  0.57* 0.53* 0.60* 0.46* 0.59* 0.43* 0.35* 0.36* 0.41* 0.33* 0.41* 0.20ns 0.43* 0.42* 

FL 0.34* 0.56* 0.63* 0.52*  0.43* 0.57* 0.35* 0.51* 0.34* 0.27ns 0.34* 0.49* 0.25ns 0.14ns 0.21ns 0.39* 0.33* 

WH 0.52* 0.68* 0.70* 0.73* 0.50*  0.65* 0.61* 0.81* 0.43* 0.42* 0.42* 0.19ns 0.31* 0.53* 0.08ns 0.25ns 0.29ns 

HG 0.40* 0.63* 0.63* 0.62* 0.40* 0.65*  0.84* 0.93* 0.54* 0.45* 0.39* 0.25ns 0.40* 0.61* 0.18ns 0.24ns 0.13ns 

BG 0.42* 0.63* 0.64* 0.64* 0.40* 0.62* 0.89*  0.93* 0.52* 0.44* 0.40* 0.16* 0.40* 0.63* 0.15ns 0.20ns 0.07ns 

BW 0.48* 0.70* 0.71* 0.71* 0.47* 0.80* 0.95* 0.93*  0.57* 0.46* 0.45* 0.24ns 0.41* 0.66* 0.15ns 0.25ns 0.17ns 

HW 0.33* 0.33* 0.40* 0.46* 0.23* 0.40* 0.45* 0.47* 0.48*  0.32* 0.44* 0.46* 0.41* 0.45* -0.15ns 0.27ns 0.10ns 

CW 0.40* 0.44* 0.48* 0.49* 0.31* 0.46* 0.36* 0.37* 0.43* 0.38*  0.35* 0.18ns 0.44* 0.32* 0.23ns 0.45* 0.27ns 

CD 0.33* 0.63* 0.57* 0.50* 0.44* 0.56* 0.59* 0.57* 0.63* 0.33* 0.37*  0.37* 0.39* 0.34* -0.20ns 0.42* 0.35* 

NL 0.49* 0.61* 0.68* 0.67* 0.53* 0.57* 0.53* 0.55* 0.59* 0.48* 0.43* 0.47*  0.37* 0.35* -0.06ns 0.51* 0.24* 

TL 0.42* 0.57* 0.58* 0.61* 0.41* 0.52* 0.50* 0.50* 0.55* 0.40* 0.45* 0.57* 0.50*  0.38* -0.06ns 0.36* 0.09ns 

HC 0.50* 0.66* 0.70* 0.73* 0.45* 0.66* 0.67* 0.68* 0.73* 0.46* 0.38* 0.57* 0.66* 0.54*  -0.12ns 0.29* 0.04ns 

HL 0.49* 0.44* 0.50* 0.58* 0.37* 0.47* 0.44* 0.48* 0.50* 0.39* 0.34* 0.39* 0.48* 0.43* 0.65*  0.02ns 0.29* 

FHc 0.47* 0.48* 0.60* 0.60* 0.35* 0.53* 0.58* 0.58* 0.61* 0.36* 0.39* 0.51* 0.45* 0.50* 0.61* 0.50*  0.52* 

HHc 0.50* 0.59* 0.60* 0.58* 0.43* 0.57* 0.52* 0.52* 0.57* 0.33* 0.34* 0.45* 0.48* 0.42* 0.56* 0.45* 0.79*  

NS= Non-significant (P<0.05); * significant at 0.05 level; BW = Body weight; BL = Body Length; HG = Heart Girth; BG= Barrel girth; WH = Wither height; FlL= Forelimb length; HlL= Hindlimb 

length; FL= Face length;  EL = Ear Length; TL = Tail Length; HW= Hip width; CW= Chest width; CD= Chest depth; NL= Neck length; HC= Hump circumference; HL= Hump length; FHc= Fore hump 

circumference; HHc= Hind hump circumference 
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Introduction  
 

Animal production in general and chickens in particular play important socioeconomic 

roles for many poor rural households in developing countries (Alders, 2004). Chickens 

support the provision of affordable animal protein and household income in most of 

poor families. Poultry is an important source of food and income in Ethiopia and is one 

of the most suitable interventions to improve the livelihood of the poor. Moreover, the 

contribution of chicken production extends to the urban peri-urban areas serving as 

means to employment opportunity for the youth, elders and women in Ethiopia. 

However, the contribution of village chicken production to the Ethiopian economy and 

to the farming community is still low productivity of local breeds, prevalence of 

diseases and poor management conditions. 

 

According to CSA (2013/14) report, the total chicken population of Ethiopia is 

estimated to be 52.3 million and most of the chickens are maintained in the village 

production system. To improve the contribution of the poultry sector various schemes 

were applied for long years. To this effect, the Ministry of Agriculture and Rural 

Development (MOARD) of Ethiopia and several other institutions including research, 

higher learning institutions and NGOs have been attempting to improve village poultry 

systems (Alemu and Tadelle, 1997). The strategy to improve production and 

productivity of the country's poultry sector was through introduction of exotic breeds 

and fertile eggs. Distribution of day-old and 3 months old improved chicken breeds, 

mainly RIR & WLH., The package is being implemented in many ways like; 5 pullets 

& 1 cockerel, 1 cock only, 15 pullets & 2 cocks and 50 day-old chicks. Despite the fact 

that, the majority of the chicken population is still comprised of the local stock 

managed under the traditional production system.  

 

According to Teklewold et al, 2006 adoption of poultry breeds in the highlands of 

Ethiopia has been limited by a set of factors such as, lack of strong extension follow-up 

and complimentary inputs, disease, unavailability of credit services and market 

problems. Besides, the numbers of breeds and birds included in the package were few 

(Hailemariam et al. 2006).  
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This results to a huge gap between demand and supply of poultry products.  Another 

study witnessed the significance of enhancing institutional links to transform the 

existing traditional piece meal approach of poultry technology transfer into promotion 

of carefully selected and packaged technologies. Farmers involved in one hundred day 

old commercial layer chicken package came up with fascinating attitudinal change by 

recalling back that they were reluctant on the success of the project. Besides, at five 

months of egg production on the average each farmer earns 2372.5 birr net cash 

income from the sale of egg. Therefore, to tackle the existing problem, different 

approaches of improved poultry technology packages dissemination should be 

followed based on social, economic and physical environments under which the 

production takes place. Hence, this activity was initiated with the objective of 

demonstrating Koekoek dual purpose chicken with the improved management 

practices to smallholder producers in Tigray area 

 

Materials and Methods 
 

The study areas 

The study areas were Geter-Adwa and Medebay-Zana from central and northwestern 

zones respectively. The study areas were selected by considering one district from each 

based on availability of services and inputs, socio-economic significance of the 

package, accessibility and representativeness. 

 

Participant selection and training  

Selection of participants were taken in collaboration  with respective agricultural 

offices  purposely on the basis of willingness to construct poultry house; to cover all 

the associated package costs and record the required data. Before starting, the work 

training was offered for one day to farmers by multidisciplinary team of researchers on 

poultry house & housing, health, feeds & feeding, data recording and on the objective 

of the project and its implementation plan. Development agents, experts and 

veterinarians were participated during the training. 

 

Data collection and analysis 

Data recording sheet was developed and the following data were collected. The 

amount of feed offered during brooding, grower and laying phase; and type & amount 

of feed ingredients used if the feed is formulated from own produce; 

 Average egg production/hen/year;  

 Disease symptom and type of treatment (modern, ethno-vet/traditional medication); cause 

of mortality (disease, predicator, mechanical culling etc); 

 Costs of vaccines and medicaments, costs of feed  
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 Income from sale of cocks, non-productive/spent hens and eggs; 

 The amount of egg and number chicken used for home consumption/gift and its calculated 

market price during the time; 

 Hatchability of eggs as incubated by local brooding hen; and 

 Participant households perception after demonstration   

 

Besides, field supervision report on chicken management, bio-security implementation 

and other relevant observations were used as a source of information to augment the 

research report. Hence, intensive follow up during the brooding phase, then on monthly 

base afterwards was done. Collected data were analysed using SPSS version 16 and 

descriptive statistics was used to compute results and presented in Tables and pictures 

 

Results and Discussion 
 

Chicken management and their survival rates  

The performance of the koekkoek breed in the two districts showed significant 

difference related to survival rates. The mean mortality percent of both locations was 

recorded to 21.33±5.2 and the most cause to the mortality was stresses due to long 

distance travel occurred within three days right after arrival of  chicks. There was 

significant difference in survival rate between locations. At Adwa, the mortality 

percentage was only 12.5 ±5.91percentage. However, at Medabay-Zana there was high 

mortality (28.4±6.94percentage). A significant number of deaths were recorded due to 

poor feeding and follow-ups of participant farmers after chickens get 2 to 3 months. Up 

to two months, there was starter feed supplied to farmers but latter farmers were 

expected to prepare feed to their birds, which they did not actually do it, all according 

to the agreement reached before execution of the demonstration trial. For instance, 

three of the participant farmers in Medebay-Zana confined their birds without proper 

handling and providing feed and water. Due to such problems, chickens were exposed 

to different problems and total mortality reached to 28.4±6.94 of which the 18% was 

caused due to stresses and contaminated by chemicals. 

 

Productivity   

We observed significant difference in mature weight of birds kept in different farmers 

but very close locality. In one farmer who managed relatively well the weight of 

female and male birds were 1478.67g, 1922.5grespectively, and mean stock weight 

was1572.11g at seven months age. Surprisingly weight of 789g was recorded in other 

farmers in the same age. Such significant difference in mature weight of birds was 

unbelievable. Birds kept in this farmer were deficient in diet. In the first time the 

farmers‟ knowhow and interest in keeping chickens was low. As a result, participants 

from Adwa sold most of their birds left only few for them Similarly, At Medebay-Zana 
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most show carelessness on housing, feeding and follow-ups. They did not follow 

researcher advice and did not want to pay any cost related to feed. However, after they 

got good production of eggs, some farmers improve their management and to 

regenerate by hatching using local broody hen. The birds start egg lying at 7 to 8 

months of age at Medebay-Zana however from 5 to 6 months at Adwa and the mean 

percentage of daily egg production was 67%. 
 

                            Table1.  Survival rates of koekoek chicken at Medebay-Zana and Adwa districts up to one year 

 

No of day old distributed chickens / individual 50 

Mean no of birds by sex Female 26.11±1.72 

Male 18.44±1.68 

Mean no  of dead birds  10.67±2.6 

 

Cause of deaths 

 

Mean No of birds died due to others 2.89±1.17 

Mean No of birds died due to Predator 0.11±0.111 

Mean No of birds died due to others 7.11.±2.45 

Mortality %  21.33±5.21 

 

                    

                            Table 2.  Survival of Koekoek chicken by district up to one year of age 

 

District Mean no  
of dead 

birds 

Cause of death Mortality (%) 

Mean no of birds died 
due to dieses 

Mean no of birds died 
due to predator 

Mean no of birds 
died due to others 

Adwa 6.25±2.95 0±0 0±0 5±1.73 12.5±5.91 

Melka Zana 14.2±3.47 5±1.1 0.25±0.25 9±3.82 28.4±5.6.94 

 

The most important thing of this breed in which farmers like most is regenerating 

nature with high hatchability. Currently many farmers own the breed through farmer-

to-farmer koekoek egg exchange and incubation by local hens. Farmers hatch very 

large number of chicks in the two districts and expanding faster than any other breed. 

Case studies in Adwa indicated that high hatchability percentages. From 61 fertile eggs 

brooded only three eggs failed to hatch due to different cases and farmers got 58 pure 

koekoek chicks. 

 

Economic s 

Farmers fetch incomes from sale of birds as well as eggs continuously. The mean net 

income earned was 4217 birr per participants. However, farmers got different benefit 

based on their number of layers owned and level of management. Even Some farmers 

only get the income from sale of birds. On the contrary some hard worker household 

benefited a lot from sell of eggs the model farmers currently owns more than 35 

different ages of koekoek chickens. This farmer earned more than 7000-birr net income 

within one year from the sale of eggs and live birds.  
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Perception of farmers and future of the koekoek breed 

Before the start of egg laying most farmers had negative perception caused due to 

expenditures for feed and follow-ups, which is a new to them for chicken husbandry, 

consequently, some sold significant number of birds and others reduced their attention 

in managing the birds. However, after they get incomes form sell of eggs and live birds 

their perceptions changed. Gradually they build high interest on the breed based on its 

productivity, disease resistance and self-regeneration with high hatchability. Moreover, 

all participant farmers showed positive opinion on meat taste, eggshell color, and 

disease resistance.  Considering the above listed parameters, most farmers are trying to 

multiply and replace the first generations and expanding to their neighbors. About 

81.2% of the farmers continue keeping koekoek and even there are farmers who own 

more than 35 chickens. 

 

The most reasons why participant farmers minimize their flock size were fear of 

disease outbreaks, limited space to keep all, lack of capacity to manage all birds and 

lack of awareness on the advantage of keeping chickens according to their responses. 

In addition 75% of the participant farmers suggested that the 50 birds per farmers are 

not affordable to all farmers and suggested to 30 birds are enough and suitable for 

majority of the farmers in their surroundings. The other point they raised was lack of 

access on vaccines and treatments to disease as the key problem in chicken keeping. In 

addition, shortage of feed is also one of the key bottlenecks they pointed out. 

 

Koekoek chicken have been demonstrated for many smallholder producers though 

there were problems on participant farmers during the growth period of birds in 

feeding, record keeping, minimizing the number of birds by selling and poor follow-

ups.Finally, things were improved and the breed has acceptance and attracted the eyes 

of many smallholder farmers. The breed got popularity in the whole region and farmers 

showed greater interest over the breed in its adaptability, feather color, meat taste, egg 

color and productivity therefore we recommend that mechanisms should develop to 

supply the breed at larger scale with good health services for better benefits and 

productions with fine-tuning the fifty-day-old chicks per household. 
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Introduction 
 

Globally, there has been an increased demand for animal protein especiallychicken 

meat and eggs. The increase in the average level of income, population rise, and 

urbanization are some of the drivers triggering the demand for animal products (Yunhe 

and Defa, 2013).Eggs are one of the most nutritious and economic foods in the world. 

With a remarkably balanced composition, each egg contains 70 calories, 6 grams of 

proteins, 5 grams of fat and a wide collection of vitamins. They are second only to 

mother‟s milk in nutritional value. 

 

In Ethiopia, chicken production plays a great roleas a prime supplier of chicken meat 

and eggs in ruraland urban area and as a source of income, especially to women 

(Alemu et.al. 2009). Chicken are widely kept in Ethiopia with a total population of 

about 50 million according to Central Statistical Authority (CSA)‟s (2013) census. 

However, the majority of the population is composed of low producing scavenging 

chicken. Traditional practices continue to dominate domestic poultry production in 

Ethiopia. In the past20-25  years,  however,  there  has  been  a  shift  to  industrial  

production with an increase in small- and  medium-scale  producers  that  have  been  

established  to  exploit mainly urban Markets. Trends suggest that numbers and size of 

producer flocks are rising and particularly in urban and peri-urban areas. 

 

The present work was thus, initiated to look into the productive potential of 

commercial chicken stock available in the growing poultry industry of the country. 

Since stocks have not been developed  in the country by the local research system, 

productivity in the country by testing such stock along with the associated technologies 

such as  husbandry, feeding and health care packages to speed up poultry development 

activities.  

 

In the end, this approach can contribute to poverty reduction through increased income 

generation and export of poultry products. This can also contribute substantially to 

alleviating animal protein shortage. The objective of this study was to introduce and 
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evaluate the production performance of commercial layer parent stock (Bovan Brown) 

under the recommended management conditions (research station) in Ethiopia.  

 

Material and Methods  

 

One layer (day old chicken) parent line stock from Avian influenza (AI) free countries 

listed by Ministry of Agriculture and Rural Development (MoARD) was imported with 

due permission. This stock was from ISA (Hendrix Genetics Company, the 

Netherlands) a leading and very well known company in the poultry industry.  As the 

first 72 hours in the life of chicken is very critical, while importing the stock all 

necessary precautions were taken as per the breeder‟s manual in order to guarantee best 

performance from the stock.  

 

Therefore, the data on the birds was collected in three stages (0 to 8, 9 to 20, and 21 to 

52 weeks of age). The chicks, at a recommended stocking density, were reared in open 

house on concrete floor with teff straw having thickness of 15cm. Relatively standard 

lighting program was tried to put on but not as  recommended as per breeder‟s manual. 

The feed for the chicks was formulated at DZARC by purchasing all the necessary 

ingredients and making standard formulation of feed to contain the recommended 

nutrients. Feed formulation was done using Feed win computer software. Appropriate 

numbers of feeders and drinkers were placed in the house according to the 

recommendations as per the breeder‟s manual. 

 

The birds were vaccinated against NCD, Gumboro, Fowl Typhoid and Fowl Pox 

diseases at the appropriate ages as recommended by veterinarians (Table 1). When the 

growers were about to start lying (at 18 week of age), individual nests were provided at 

a ratio of one nest to 7 layers. The data recorded during evaluation included feed intake 

(g) and body weight (g) on daily and weekly basis, respectively. The FCR was 

computed as a ratio of gram feed intake per gram body weight. Mortality was recorded 

as occurred. Egg production was recorded daily and reported as percentage of egg 

production per bird per week. Egg quality parameters measured included shell color, 

shell thickness, egg weight, egg shape length, egg shape width, albumen and yolk 

weight, albumen height and yolk color. Reproductive performance was evaluated based 

on age at first egg laying. 
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                           Table 1: Vaccination program for Parent stock   

 

Date Week Vaccination Route of administration 

Day 1 1 Marek’s Sub-cuntanious 

Day 3 1 NCDV(HB1) Ocular( eye droplet) 

Day 7 or 9 1 Gumboro(IBDV) Drinking water 

Day 21 3 Gumboro(IBDV) Drinking water 

Day 27 3 NCDV(Lasota strain vaccine) Drinking water 

Day 45 6 Fowl typhoid Sub-cuntanious 

Day 63 8 NCDV(Lasota strain vaccine) Drinking water 

Day 90 12 Fowl typhoid Sub-cuntanious 

Day 70-105 10-14 Fowl pox Wing web 

Day 112-120 16 NCDV (inactivated) Ocular( eye droplet) 

 Every 16 week NCDV(Lasota strain vaccine) Drinking water 

 

Data analysis 

Descriptive statistical procedure was used to analyze the data on egg production 

potential, feed intake and feed conversion ratio of commercial layer parent stocks 

under standard research management condition. The descriptive part includes mainly 

mean values summarized in the form of tables. 

 

Result and Discussion 
 

The performance of commercial layer (Bovan Brown) parent stock at Debre Zeit 

Agricultural Research Center (DZARC) was evaluated by measuring average feed 

intake, average weekly body weight, egg production performance in percentages, 

Mortality per week, internal and external egg quality parameters and reproductive 

parameters as discussed below. 

 

Feed intake and conversion ratio 

The average daily feed intake (g/bird) during the starter phase (0 to 8 weeks) was 31.96 

and 35.52 while FCR (g intake/g weight) was 0.89 and 1.17 for females and males, 

respectively (Table 2). The males had relatively higher feed intake than females at 7 

and 8 weeks of age and for FCR males were better than females at 6 weeks of age. The 

feed intake results obtained for both sexes at DZARC management condition was 

similar compared to the standards reported in the breeder‟s company manual (33.88 

g/bird/day for both sexes) but the FCR was not comparable to the standards reported in 

the breeder‟s company manual in both sexes.  
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                             Table 2: Average daily feed intake and FCR during starter phase 

 

Age 
(week) 

Feed intake(g/bird/day) FCR/wks  (g intake/ g weight) 

Female Male Female Male 

1 Adlib Adlib - - 

2 Adlib Adlib - - 

3 22 19.47 1.25 1.30 

4 26.12 25.39 1.03 1.35 

5 26.36 27.72 0.87 1.14 

6 34 32.29 0.80 0.88 

7 37.4 47.8 0.68 1.19 

8 45.9 60.45 0.74 1.15 

Average 31.96 35.52 0.89 1.17 

 

The average daily feed intakes (g/bird) during the grower phase (9 to 20 weeks) were 

66.62 and 94.15, while the FCR (g intake/g weight) were 0.51 and 0.72 for females and 

males, respectively (Table 3). The average daily intake was relatively too much lower 

for females but males had higher feed intake as compared to the standards reported by 

the breeder‟s company manual (72 g/bird/day for both sexes). However, the FCR 

observed at DZARC was not comparable with the standards reported by the breeder‟s 

company manual in both sexes. 

 

The average daily feed intake (Females and Males together) during the laying phase 

(21 to 52 weeks) was 122 g/bird/day. The FCR was 0.53 for females and 0.36 for 

males (Table 4). The average daily feed intake (Females and Males together) 

(g/bird/day) was comparable with the results reported by the breeder‟s company 

manual, 120 g/bird/day but incomparable results obtained at DZARC research 

managements condition in FCR for both sexes with the breeder‟s company manual. 

 

Body weight and weight gain 

The average weekly body weight (g/bird) for females and males birds were 222.06 and 

180.66, respectively during the starter phase (0 to 8 weeks of age). The average weekly 

weight gains (g/bird) were 55.05 and 46.85 for females and males birds, respectively 

(Table 5). The average weekly body weight was not comparable to the breeder‟s 

company manual (weekly body weight 338.13g/bird for females and 474.38 g/bird for 

males) even too much lower than the expected and it was similarly lower than the 

breeder‟s company manual in weight gain for both sexes.  
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                                    Table 3.  Average daily feed intake and FCR during the grower stages. 

 

Age 
(week) 

Feed intake(g/bird/day) FCR/wks(g intake/ g weight) 

Female Male Female Male 

9 47.1 82.4 0.66 1.31 

10 40.1 90.9 0.50 1.01 

11 52.8 94.2 0.54 0.95 

12 59.8 93.6 0.54 0.85 

13 64.2 86.2 0.54 0.70 

14 68.4 85.9 0.52 0.62 

15 72.1 95.0 0.51 0.66 

16 78.4 99.4 0.51 0.57 

17 80.3 99.0 0.51 0.56 

18 75.0 91.6 0.44 0.49 

19 77.0 101.9 0.43 0.51 

20 84.2 109.8 0.45 0.46 

Average 66.6 94.2 0.51 0.72 

  

                          Table 4.  Daily feed intake, FCR, body weight and weight gain during the laying stages 

 

  Age  
(week) 

Feed intake (female and 
male together) (g/bird/day)  

FCR (g intake/ g 
weight/wks) 

Body weight 
(g/bird/wks) 

weight gain 
(g/bird/wks) 

Female Male Female  Male  Female  Male  

21-52 122 0.53 0.36 1579.8 2361.5 7.7 28.5 

 

The average weekly body weight (g/bird) during the grower phase (9 to 20 weeks of 

age)was 932.65 for females and 1018.80 for males while the average weekly weight 

gain was 72.40 for females and 112.38 for males (Table 6). Similarly, as discussed at 

starter phase the result obtained was incomparable at grower phase to the standards 

reported by the breeder‟s company manual (weekly body weight (g/bird) of 1197.08 

for females and 1666.25 for males). Not only in body weight but also they were too 

much lower in body weight gain for both sexes as compared to the standards reported 

by the breeder‟s company manual.  
 

Table 5: Weekly body weight and weight gain during starter phase 

 

Age 
(week) 

Body weight(g/bird/wks) Weight gain(g/bird/wks ) 

Female Male Female Male 

1 58.32 66.06 26.68 2.69 

2 85 68.75 38.14 36.25 

3 123.14 105 53.96 27.12 

4 177.1 132.12 35.79 37.75 

5 212.89 169.87 83.71 86.61 

6 296.6 256.48 90.1 23.61 

7 386.7 280.09 50 86.85 

8 436.7 366.94 62 73.92 

Average 222.06 180.66 55.05 46.85 
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The average weekly body weight (g/bird) was 1601.64 for females and 2512.41 for 

males while the average weekly body weight gain (g/bird) was 7.7 for females and 28.5 

for males during the laying phase (21 to 52 weeks). The FCR was 0.53 for females and 

036 for males. The average weekly body (g/bird) was relatively lower as compared to 

the results reported by the breeder‟s company manual, 1910 g/bird for females and 

2675 g/bird for male. Not only in weekly body weight but, too much lower in body 

weight gain and FCR for both sexes with in the same periods.   

 

Egg production  

During the laying phase (21 to 52 weeks of age), the average weekly egg production 

performance was between 51% and 70% but they were laying 60% till the end of 

productions. When this egg production performance was compared to the performance 

reported by the breeder‟s company manual (70 to 92%) it was too much lower to the 

result obtained at DZARC research management condition.  

 

Egg quality parameters 

The internal egg quality parameters yolk color score, albumen and yolk weight were 1, 

33.38g and 14.19g, respectively while the external egg quality parameters egg shape 

length, egg shape width, average egg weight and  shell thickens were brown, 53.63, 

41.83 mm,58.53g and 0.25, respectively. 
 

Table 6: Weekly body weight and weight gain during the grower stages 

 

Age 
(week) 

Body weight(g/bird/wks) Weight gain (g/bird/wks) 

Female Male Female Male 

9 498.7 440.86 58 191.45 

10 556.7 632.31 124.68 60.59 

11 681.38 692.9 94.42 74.84 

12 775.8 767.74 62.15 99.46 

13 837.95 867.2 86.95 101.22 

14 924.9 968.42 58.67 40.02 

15 983.57 1008.44 81.59 216.14 

16 1065.16 1224.58 43.24 18.12 

17 1108.4 1242.7 90.4 54.53 

18 1198.8 1297.23 60.66 108.96 

19 1259.46 1406.19 41.52 270.82 

20 1300.98 1677.01 66.6 12.1 

Average 932.65 1018.80 72.40 112.38 

 

Reproductive parameters 

The Age at first egg laying was as expected as between 20 & 21 weeks of age which 

was similar with the standard of the breeder‟s company manual and the hatchability 

was at maximum 70% and it was too much lower to the result obtained at 

DZARCresearch management condition compared to the breeder‟s company manual. 
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Mortality  

During the starter phase (0 – 8 weeks of age), the mortality rate was 0.48 % for females 

and 1.1 % for males but in week one and 3 the male mortality was so high (5.4% and 

1.1% respectively). Generally, during the starter phase, males had relatively higher 

mortality rate than females.Mortality rate was 0.44 % and 0.2 % for females and males, 

respectively during the grower phase (9 to 20 weeks of age) but in week 14 female 

mortality was 3.25% which was higher than the week averages. During the laying 

phase (21 to 52 weeks of age), mortality was 0.55% for females and 0.1% for males 

respectively as shown below in Table 7. 
 

Table 7: Mortality rate at different developmental stages 

 

Growth phase 
(week) 

Mortality (%) 

Female Male 

0 – 8 0.48 1.1 

9 – 20 0.44 0.2 

21 – 52 0.55 0.1 

 

Based on the data collected and analyzed, the results were not comparable with the 

standards reported by the breeder‟s company manual so that the Bovan Brown layer 

parent stock was not adapted under Debre Zeit Agricultural Research Station 

Management Conditions. This study indicates the need to test poultry strains for their 

suitability under Ethiopian conditions before they are recommend for beneficiaries to 

import and to use it as an alternative layer parent stock. This study has also call further 

studies to know why they don‟t adapted under the Debre Zeit condition and find 

options to overcome the challenges specially in line with the skills and knowledge this 

specialized breeds required.  
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Introduction  
 

Poultry production as an integral part of livestock production system plays an 

important socio-economic role in developing countries (Alders, 2004; Kondombo, 

2005). Rising income and urbanization in many parts of the developing world caused a 

growing demand for animal products. The poultry sector has the potential to provide 

relatively cheap animal protein to the population and improve nutritional status, create 

both rural and urban employment and generate income in time of economic difficulty. 

In Ethiopia, chicken production is both traditional and modern production system in 

which most widespread and almost every rural family owns chicken, which provide 

valuable sources of family protein and income (Tadelle et al., 2003). The total chicken 

population in the country is estimated to be 60.5 million of which 94.33% are the most 

dominant chicken types of the  indigenous, 3.21% hybrid and 2.47% exotic (CSA, 

2016). 

 

The major constraints of poultry production are inadequate availability of feed sources 

in terms of quality and quantity and high cost of the feed ingredients regardless of the 

production system and geographical location. The feed resource for rural poultry is 

obtained by scavenging in and around the homesteads and consists of household 

wastes, anything edible found in the immediate environment, together with a small 

amount of grain supplements provided by the household (Mehari, 2016). Smallholder 

poultry feed resources, challenges and coping mechanisms are gaps need to be assessed 

and intervene. Feed is one of the core stone challenges of poultry production. The 

available feed resource base and feeding regime of smallholder chicken are identified 

to aid the rational utilization of locally available feed resources. 

 

This study was undertaken to assess the challenges of poultry feed resources and 

coping mechanisms of smallholder poultry farmers. The finding of this study address 

an opportunity and potential to design and implement interventions, aiming at 

improving poultry feeds technologies that enhance productivity of smallholder chicken 

producers. Therefore, this research was conducted to address the following objectives: 
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Materials and Methods 

 

The study area 

The study was conducted in Wondognet and Shebedino woredas. Wondogenet Woreda 

has fifteen Kebeles, out of which five are in mid altitude and ten in high altitude. The 

Woreda is geographically located at 07° 19.1' North latitude, 38° 30' East longitude 

and an altitude of 1780 meter above sea level. The area receives mean annual rain fall 

of 1128 mm with minimum and maximum temperature of 11 and 26°c, respectively. 

The Woreda has a total population of 152,394 of whom 75,365 are men and 77,321 are 

women and has a total land areas of 14,460.604 hectare. There are two rainy seasons of 

Belg (February to April) and Meher (June to September). The major crops grown are 

sugar cane, enset, coffee, maize, and haricot bean. The dominant herd structure and 

size of livestock holding of the smallholder farmers of the study Woredas are 

indigenous animals. The livestock population in the area is 42,020 chickens, 44,486 

cattle, 10,766 sheep, 7,085 goat, 5,016 donkey, 4,122 horse and 2,452 honeybee 

colonies. 

 

Shebedino Woreda has thirty-five Kebeles, out of which thirty-two are in mid altitude 

and 3 in high altitude. The Woreda is located 27 km far away from Hawassa city, the 

capital city of the region. The Woreda is situated at 6
0
45

`
 and 7

0
45

`
 latitude to the 

North and 39
0
 and 40

0
 longitude to the East. The altitude was 1860 meter above sea 

level. The minimum and maximum rainfall was 900 mm to 1500 mm, respectively. 

The average temperature was 20.5
0
C.The-neighboring woredas are Gorche to the East, 

Borecha to the West, Dale to the North and Tula to the South. The Woreda has a total 

population of 294,179 of whom 148,451 are men and 145,728 women; 5.06% of its 

population is urban dwellers. The Woreda has total land areas of 27,690 hectare. Rural 

household farmers occupied the major land 26,990 while the remaining 700 hectare 

was hold by urban dwellers. The topography of the Woreda is 8.57% mountain, 90.43 

plateau and 1% others. There are two rainy seasons of Belg (February to April) and 

Meher (June to September). The major crops grown are enset, coffee, maize and 

haricot bean. The dominant herd structure and size of livestock holding of the 

smallholder farmers of the study Woredas are indigenous animals. The livestock 

population of the Woreda is 151,643 chickens, 198,083 cattle, 43,585 sheep, 27,862 

goat, 5,946 donkey, 179 horse and 14,525 honeybee colonies. 
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Sampling and data collection 

 

Sampling procedure: Multi stages sampling (purposive and random) were used. 

Two woredas of Wondogenet and Shebedino were selected purposively based on 

criteria related to ease of accessibility; woreda‟s situation in representing the zone and 

chicken production potential. The numbers of surveyed kebeles were selected from 

each woreda proportional to the size of the woreda. Three kebeles from Wondogenet 

and four kebeles from Shebedino woredas were selected randomly making seven 

kebeles. Village chicken owner of the respondents were selected randomly in each 

kebele by giving equal chance for those farmers with different flock size, chicken 

husbandry systems, accessibility and other related practices. To capture gender effects, 

the sample households in each rural kebeles were stratified into female and male-

headed households. Hence, 120 village chicken owner households were interviewed 

using pre-tested structured questionnaires. 

 

Secondary data were collected from various sources including the Bureau of 

Agriculture and Rural Development (BoARD). Primary data were collected through 

personal and household interviews. Closer visits in and around the residential quarters 

of selected households was made in order to obtain first hand observation of the 

districts. Group discussion was made with woredas` Bureau of Agriculture and Rural 

Development experts and development agents to have an overview about poultry feed 

resources and its challenges. Trained enumerators under close supervision and 

participation of the researcher conducted the survey.  

 

Data analysis 

Qualitative and quantitative data sets were analyzed using statistical analysis 

procedures of Statistical Package for Social Sciences (SPSS 2002) version 20. Analysis 

of Variance model statements were used to investigate poultry feed resource challenges 

and coping mechanisms of the Woredas.  

 

Result and Discussions 
 

Household characteristics and respondent profiles 

Family size and respondents’ profile: Smallholder poultry production was 

undertaken by household family labor. The mean household family size and age of the 

respondent were 6.88±0.24 and 40.58±0.85, respectively. The average male and female 

family sizes of the households were 3.43±0.16 and 3.45±0.16, respectively. As 

indicated on the (Table 1.), household family size of the respondents were lower in 
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Wondogenet than Shebedino woreda. Out of the total respondents (N=120), 82.5% and 

17.5% were male and female headed households, respectively.  

 

Educational status 

Education is a key for technology adoption and sustainable development. Educational 

status of the respondent farmers was showed that 40.8% scored grade 5
th
 to 8

th
, while 

only 15% were illiterate. About 3.3% of the respondents were above 12
th
 grade. 

 

                Table 1. Family size and profile of respondent in the study 

 

Variable Male Female Average family 

size/hh (Mean±SD) 

Average age of 

respondents (Years) Family size Range Family size Range 

Wondogenet (41) 3.24±0.27 1-8 3.39±0.34 0-9 6.63±0.47 38.12±1.5 

Shebedino (79) 3.52±0.19 1−8 3.48±0.17 1−8 7.0±0.27 41.86±1.0 

Total 3.43 ±0.16 1−8 3.45±0.16 0-9 6.88±0.24 40.58±0.85 

Sex of respondent 

households (%) 

82.5  17.5    

                      
                                               Table 2. Educational Status of respondent in the study 

 

Status Respondents` 

Frequency Percent 

Illiterate 18 15.0 

Read and write 7 5.8 

1st – 4th 24 20.0 

5th – 8th 49 40.8 

9th - 12th 18 15.0 

Above 12 grade 4 3.3 

 

Household labor contribution for smallholder poultry production 

The greater labor forces for smallholder agricultural production system that 

accommodate huge job opportunities were drive from the household. Smallholder 

poultry production was among the one that provide employment opportunity to rural 

households. The different labor division of household families showed that, greater 

labor contribution for family poultry feeding, watering and house cleaning were made 

by women (61.3%) and then by the children (27.7%). This indicated the youth; 

especially females contribute more for smallholder poultry production in the studied 

area.  

 

Chicken flock size and type per house hold of study Woredas 

Chicken flock size and type per household in the study Woredas is presented in Table 

3. The average numbers of chicken were 10.49±1.19 and 12.32±0.75 for Wondogenet 

and Shebedino woredas, respectively. Significantly higher (P<0.01) numbers of local 

chicken were found in Shebedino than Wondogenet woreda. On the contrary, the result 



[65] 

 

showed that, Wondogenet woreda has large number (P<0.05) of exotic chicken than 

Shebedino woreda. This might be due to situation of Wondogenet woreda to the nearby 

city of Hawassa that enables for accessing of technologies. The cock to hen ratio is 

1:2.15 for Wondogenet and 1:2.12 for Shebedino woredas. 

 
                   Table 2.   Chicken flock size and types per household in Wondogenet and Shebedino woredas 

 

Chicken flock 

size/HH 

Wondogenet (n=41) Shebedino (n=79) Total (N=120) Sign 

% Mean±SE % Mean±SE % Mean±SE 

Number of chicken 30.6 10.49±1.19 69.4 12.32±0.75 100.0 11.69±0.64 Ns 

Local male 23.1 1.8±0.0.2 76.9 3.11±0.31 100.0 2.67±0.22 ** 

Local female 25.0 4.05±0.0.43 75.0 6.16±0.38 100.0 5.45±0.30 ** 

Exotic male 60.4 1.49±0.44 39.6 0.51±0.1 100.0 0.84±0.17 ** 

Exotic female 57.0 2.98±0.95 43.0 1.16±0.26 100.0 1.78±0.37 * 

Hybrid male 6.7 0.05±0.05 93.3 0.35±0.09 100.0 0.25±0.06 * 

Hybrid female 10.5 0.25±0.15 89.5 1.08±0.25 100.0 0.80±0.18 * 

     Note: HH=House hold, n=Woreda sample size, N=Total sample size, SE=Standard error of means 

 

Chicken property right and sale 

In most cases of family poultry, the women owned and managed the birds and 

controlled the cash from the sales.  Indigenous chicken are a means of investment to 

the welfare of women and children in traditional, low-input farming systems in the 

tropics (Dana et al., 2010; Okeno et al., 2012). The result of this survey was also 

revealed that woman ownership and selling power was 49.5% and 75% of the 

respondent farmers, respectively. However, largely family members determined 40.4% 

of the respondent chicken household consumption. Tadelle and Ogle 2001 stated that, 

in addition to the small amount of cash income they provide, scavenging chickens have 

nutritional, cultural and social functions.  

 

Housing system 

Poultry production system in Ethiopia is an indigenous and integral part of the farming 

system that ranges from nil input traditional free ranges to modern production system 

using relatively advanced technology. Smallholder farmers in Ethiopia keep birds for 

household consumption, sale and reproduction purposes including other social and 

cultural roles (Tadelle et al., 2003). Most of the respondent farmers, 60.5% (Table 4.), 

were shared their house with chicken, while 24.6% and 7% of the respondent farmers 

were used simple shade and proper chicken house for sheltering, respectively. 
                                                                                                  

3. Housing system 

Housing type Percent 

sharing with family 60.5 

Simple shade 24.6 

Proper chicken house 7.0 

Others 7.0 

None 0.9 
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Feed resources and feeding practices  

 

Land allocated for crop cultivations 

Crops grown and their by-products can be used as a potential source of feed for 

smallholder poultry farmers. There are two cropping seasons of the short rainy season 

(Belg) from February to April and the long rainy season (Meher) from June to 

September. The major crops cultivated by small holder farmers were maize (87.3%), 

Ensete ventricosum /enset (77.1%), coffee (65.3%), haricot bean (55.9%), potatoes' 

(17.8%), tomato (14.4%), linseed (10.2%) and cabbage (9.3%) of the respondents. The 

potentially available feed resource of the areas could be used efficiently for family 

poultry feeding.  

 

Poultry feed supplement and feeding periods 

Smallholder farmers and small-scale producers from different corners of the country 

will have limited access to formulated rations. Feeding of chicken in confinement 

practiced by 65.8% of smallholder farmers also 99.2% of the respondent were provide 

supplement to their chicken. Fikre (2001) also suggested that even if scavenging 

provides the basal feed, almost all the chicken owners provide supplementary feeds 

such as wheat, maize and sorghum. These cereal grains are home produced with some 

owner‟s purchase from the market. The daily grain offered per bird is variable and 

appears to be offered only during the time of harvest.  
 

                     Table 4.  Land allocated for crop cultivations as percent of respondents  

 

Crop types 

cultivated 

Land allocated (% 

respondent) 

No. Crop type cultivated Land allocated (% 

respondent) 

Cereals  4 Root and Tuber  

Wheat 2.5  Sweet potato 17.8 

Barley 0.8  Potato 17.8 

Teff 3.3  Enset 77.1 

Maize 87.3 5 Vegetables  

Sorghum 1.6  Onion 0.8 

Pulse   Cabbage 9.3 

Haricot bean 55.9  Tomato 14.4 

Faba been 0.8 6 Fruit and Cash crops  

Field Pea 0.8  Coffee 65.3 

Oil crops   Avocado 8.5 

Linseed 10.2  Mango 1.8 

   Banana 7.7 

 

Majority of the respondent farmers were provided the available feed supplement 

ingredients during different periods of the day. The potential supplementary feed 

resources used by smallholder poultry farmers were indicated in Table 6 that maize 
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comprises about 17.85±2.21, household scraps 10.96±1.36, cereal debris 9.05±1.08 

and wheat 11.92±2.21gram per chicken per day. According to Tadelle (1996), 30% 

production was attained from local chickens by supplementing 15g maize and 15-gram 

noug (G. abyssinica) cake/bird/day in the short rainy and dry seasons. The same author 

confirmed that supplementation of 30 gram maize/bird/day resulted a 28% production 

increment. The author also adds a finding of 20% more production was attained with 

the supplementation of thirty-gram noug seed cake/ bird/day on the same season. None 

of the respondent farmers were provide oat grain, meat and bone meal, and salt as a 

supplement. Non-supplemented local birds under a similar environment produced only 

about 14% from scavenging only (Tadelle, 1996). The feed offered by almost all rural 

poultry producers is usually incomplete, unbalanced and inadequate.  
 

                          Table 5. Poultry feed resource and feeding 

 

Supplementary feed 

ingredients 

Provision periods (% of respondents) Average estimated 

offer (g/chicken) Morning Afternoon Evening 

Balanced ration 31.8 29.2 16.7 10.84±2.43 

Wheat grain 59.2 53.3 42.5 11.92±2.21 

Maize grain 95.8 94.2 82.5 17.85±2.21 

Barley grain 9.2 7.5 9.2 0.84±0.47 

Cereal debris 65.8 65.8 57.5 9.05±1.08 

Household scraps 80.8 77.5 52.5 10.96±1.36 

Bran's 6.7 6.7 2.5 1.67±0.8 

Oil seed cake 0.8 0.8 0.0 0.0 

Others (CaCo3, ...) 4.2 4.2 4.2 0.34±0.17 

 

Status of seasonal poultry feed resource availability 

Most of the respondent farmers were challenged by seasonal feed shortage. The 

seasonal feed status showed that severity of feed shortage was high from April to 

September, that mean during the wet season of the year, 89.1% of the respondent 

farmers‟ chicken feed scarcity was aggravated. According to Solomon (2008), there is 

deliberate supplementation of chicken during harvesting of crops (October to March) 

though the quantities gradually decrease from June to August in which scavenging is 

the only sources of feed for backyard poultry. Similarly, the result of the study revealed 

that, there are sufficient feed resources were available from January to March and 

surplus during November and December of the year. Therefore, smallholder poultry 

farmers need to apply a means of feed scarcity coping mechanisms, by using the 

available surplus feed resources for wet seasons of the year. 

 

Feeding system 

The respondent farmers of 50.8% were provide supplement in the morning before 

scavenging, while 16.7% were provide at the evening after scavenging. About 10.8% 

and 10.0% of the respondent were provide supplement any time during day times and 
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in the afternoon while scavenging, respectively (Table 7). Majority of the smallholder 

farmers about 79.0% were provide supplementary feeds on the bare ground and 12.6% 

in a feeder. About 87.8% of the respondent farmers were practiced group feeding while 

the remaining 12.2% feed separately to different classes of chicken. According to, 

Alemu (1995); Alemu and Tadelle (1997), one of the main reason for low productivity 

of poultry production in Ethiopia is the poor feeding system. The basis for 

supplementary feeding of chicken of the small holder farmers were about 54.6% for 

egg production, 4.2% for meat yield, 27.7% for both egg and meat yield and 7.5% egg 

yield and broodiness. 
                       

                            Table 6. Feeding practice of chicken 

 

Feeding Systems Respondent 

percent 

Feeding Systems Respondent 

(%) 

Time of supplementations (%) Way of feeding (%) 

In the morning before scavenging 50.8 Group feeding 87.8 

In the evening after scavenging 16.7 Separate to different classes 12.2 

Any time during day times 10.8 Basis for supplementation (%) 

In the afternoon while scavenging 10.0 Egg yield 54.6 

Combination of above 9.1 Meat yield 4.2 

Way of provision (%) Egg and meat yield 27.7 

On the bare ground 79.0 Broodiness/during incubation 0.8 

In a feeder 12.6 Egg yield and broodiness 7.5 

Combination of above 7.6 Age 0.0 

 

Priority of poultry feed supplementation at different seasons 

Feed deficiency and malnutrition weakened the birds and made them more vulnerable 

to predators increased their susceptibility to disease. Priority of smallholder poultry 

feed supplementation during different seasons of the year were presented on Table 8. 

Feed scarcity was aggravated during wet seasons. Scavenging feed resource is a base 

for village chicken, which is not constant and depends very much on both the season of 

the year and the prevailing rainfall (Tadelle and Ogle, 1996; Alemu and Tadelle, 1997). 

Small holder farmers of the respondent were  provide first priority of layers 

supplementation during long rainy season (70.9%), second during short rainy season 

(53.8%), third during short dry season (64.1%) and fourth rank during long dry season 

(65.0%) of the year. Similarly, chicken feed supplementation priority of the respondent 

farmers was ranked first during long rainy season 79.3%, 67.5%, 77.3% for pullet, 

cock and chicks, respectively. 
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  Table 7. Priority of poultry feed supplementation at different seasons 

 

Season of supplementation Respondents` rank (%) 

1st 2nd 3rd 4th 

Layer short rainy season 0.9 53.8 25.6 19.7 

Layer short dry season 14.5 17.9 64.1 3.4 

Layer long rain season 70.9 14.5 2.6 12.0 

Layer long dry season 13.7 13.7 7.7 65.0 

Pullet short rainy season 3.4 57.8 20.7 18.1 

Pullet short dry season 6.0 31.0 52.6 10.3 

Pullet long rain season 79.3 6.0 3.4 11.2 

Pullet long dry season 16.4 5.2 23.3 55.2 

Cock short rainy season 5.1 53.0 16.2 25.6 

Cock short dry season 7.7 23.9 57.3 11.1 

Cock long rain season 67.5 18.8 4.3 9.4 

Cock long dry season 15.4 5.1 23.1 56.4 

Chick short rainy season 5.4 59.5 11.7 23.4 

Chick short dry season 6.3 17.1 72.1 4.5 

Chick long rain season 77.3 7.3 2.7 12.7 

Chick long dry season 10.8 16.2 13.5 59.5 

 

Feed scarcity coping mechanisms 

Feed scarcity coping mechanisms were showed in Table 9. As the Table indicates, 

most of the respondent farmers (99.2%) were practiced scavenging feeding. Family 

poultry producer farmers were faced high feed scarcity particularly during the wet 

season of the year. Smallholder farmers were practiced different coping mechanisms of 

feed scarcity. Respondent farmers were tackled poultry feed scarcity by feeding enset 

by-products of 30.8%; by feeding of food left over and house hold wastes of about 

13.3%, by feeding bran from market 8.3%, by using feed stored during winter season 

7.5% and by purchasing crop by products at surplus time 5%. According to Tadelle 

(1996), the main feed sources for the village chicken in Ethiopia is scavenging 

including house wastes, cereals and their by-products, pulses, roots and tubers, oilseeds 

and shrubs. 
         Table 8. Feed scarcity coping mechanisms 

 

Copping systems Respondent (%) 

Feed scarcity coping mechanisms (%)  

Feed enset by product (amicho meal, bulla, Kocho), sweet potatoes and green 

leaves 

30.8 

Feeding food left-over and house hold wastes 13.3 

Feeding bran from market 8.3 

Used feeds stored during winter season 7.5 

Purchase crop by product at surplus time (during cheap price time) for rainy season 5.0 

Combination of above 35.1 
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Use of available green feeds and non-conventional feed resources 

Smallholder farmers were used the available major green feeds and non-conventional 

feed resources like growing worms and insects, and by products (Table 10). 

Scavenging feed resources of backyard poultry comprises of seeds, plant materials, 

worms insects and unidentified materials, which are found around the home (Tadelle 

and Ogle, 1996; Tadelle and Ogle, 2000). According to Fisseha et al., (2010) and 

Solomon (2008), the majority of chicken in Ethiopia under scavenging system is 

maintained with little input of housing, health care and scavenging as sole sources of 

feed. 
          

                    Table 9. Available green feeds and non-conventional feed resources 

 

Feed types Respondent 

(%_) 

Feed types Respondent 

(%) 

Using non-conventional feed resources Using available major green feeds 

Green leaves 25.0 Cabbage leaf and grass 42.5 

By-products 22.5 Vegetable, grass, weeds 35.8 

Growing worms and insects 10.0 Enset by-product, cabbage leaf, grass 16.7 

By-products, Growing worms and insects 20.0 Alfalfa, cabbage, grass 5.0 

Green leaves, by-products 8.3   

Green leaves, by-products, growing worms 

and insects 

5.0   

Growing worms and insects, by-products 3.3   

Didn’t use any 5.8   

 

Farmers interest to expand poultry production 

Family poultry has a paramount importance's in low income and food deficient 

countries. As indicated in Table 11, majority of the respondent farmers have an 

interest to expand their chicken production for getting additional income (32.5%), due 

to small capital and area required (17.5%), for their economic importance (16.7%) and 

to use as income source for financial problem and household consumption (15.8%). 
                         

                                     Table 10. Interest of farmers to expand poultry production 

 

Reasons for expanding poultry farm (%) Respondent 

(%) 

To get additional income 32.5 

Require small capital and area 17.5 

Due to their economic importance 16.7 

To use as income source for financial problem and household consumption 15.8 

To produce more egg and meat 9.2 

 

Challenges and trends of smallholder poultry production  

Smallholder poultry farmers have faced different challenges. Among which disease, 

feed and predator problems are the most. Disease, predator and thief challenged 
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respondent farmers of about 37.7%; while 21.9% faced disease problems and 13.2% 

disease and feed scarcity (Table 12). About 63.2% of the respondents have exotic 

chicken production trends. Based on feather color type of exotic chicken, 49.3% and 

50.7% of the respondent were reared white and red feather exotic chicken types, 

respectively. Among these respondent farmers, 51.3% and 48.7% were got good and 

very good performance of exotic chicken reared, respectively. 
 

Table 11. Challenges and trends of small holder poultry production scenario 

 

Challenges and trends of chicken production Respondent (%)t 

Challenges of poultry production (%)  

Disease, predator and thief 37.7 

Disease 21.9 

Disease and feed scarcity 13.2 

Others 27.2 

Trend of exotic chick production (%)  

Yes 63.2 

No 36.8 

Breed type used based on feather color (%)  

White feathers 49.3 

Red feathers 50.7 

Production performances (%)  

Good 51.3 

Very good 48.7 

 

 

Feed Resources and Marketing Constraints of small holder poultry 

producer farmers at different seasons 

Smallholder poultry producer were faced constraints at different seasons of the year. 

Feed resources and marketing constraints were indicated in Table 13. Among the 

respondent farmers of 44.9% were faced very high shortages of scavenging resources 

during short dry season. Shortages of grain supplement were high during short rainy 

season (46.2%) and very high during long rainy season (40.7%). Disease outbreaks 

were also identified very high during long rainy season (54.6%). Very high predator 

attacked were occurred during long rainy season (55.1%) and then during short dry 

season (30.8%). During long rainy season, there were very poor hatchability (65.5% of 

respondents) and very high chick mortality (77.9% of respondents). Smallholder 

farmers of (43.1%) were faced very low market price of eggs and chicken during long-

rainy season of the year.  
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Table 12.   Seasonal constraints of feed resources and marketing of smallholder poultry farmers 

 

Constraint at different seasons Severity of the constraints 

No Very high High To some extent Little 

Shortage of scavenging resources      

Short-rainy season 0.8 2.5 52.2 40.7 3.4 

Short-dry season 2.5 44.9 6.8 25.4 20.3 

Long-rainy season 3.4 43.2 5.9 28 19.5 

Long-dry season 7.6 11 16.9 9.3 55.1 

Shortage of grains supplement      

Short-rainy season 10.1 5 46.2 32.8 5.9 

Short-dry season 0 25.4 16.9 39 18.6 

Long-rainy season 0 40.7 14.4 28 16.9 

Long-dry season 1.7 23.5 16.8 1.7 56.3 

Low market price of eggs      

Short-rainy season 21.1 2.8 17.4 32.1 26.6 

Short-dry season 20.2 24.8 35.8 11 8.3 

Long-rainy season 20.2 43.1 20.2 14.7 1.8 

Long-dry season 64.2 4.6 3.7 19.3 8.3 

Low market price of chicken      

Short-rainy season 0 7.3 10.1 45.9 36.7 

Short-dry season 0 27.5 29.4 22 21.1 

Long-rainy season 0 43.1 28.4 23.9 4.6 

Long-dry season 48.6 4.6 15.6 11.9 19.3 

 

Conclusion and Recommendation 
 

Majority of the small holder farmers were provide supplementation of available feed 

resources. The feed offered by almost all family poultry producers are incomplete, 

unbalanced and inadequate. The most challenge faced by smallholder poultry 

producers were disease, feed and predator problems. In addition to ethno veterinary 

practices for poultry disease treatment, respondent farmers were practiced different  

poultry feed scarcity coping mechanisms of feeding enset by-products, house hold 

wastes, bran from market, available major green feeds and non-conventional feed 

resources like growing worms and insects, and by products. This could be an 

opportunity and potential to design and implement interventions, aiming at improving 

poultry feed resources availability and feeding system technologies that enhance 

production and productivity of chicken. T 

 

References 
 

Alders R. 2004. Poultry for profit and pleasure. FAO diversification Booklet 3.FAO (Food and 

Agriculture Organizations of the United Nations), Rome, Italy. 

Alemu Y. 1995. Poultry production in Ethiopia. World. Poult. Sci. J., 51, 197-201. 



[73] 

 

Alemu Y and Tadelle D.1997. The status of poultry research and development in Ethiopia. 

Research bulletin No. 4, Debre Zeit, Ethiopia. 

Alliance for a Green Revolution in Africa (AGRA). 2014. Africa agriculture status report: 

Climate change and small holder agriculture in Sub-Saharan Africa. Nirobi, Kenya. 

CSA (Central Statistical Agency). 2016. Agricultural sample survey Vol. II. Statistical Bulletin 

No. 583. CSA, Addis Ababa, Ethiopia. 

Dana N, T Dessiea, L H van der Waaija, and J A M van Arendon.2010. Morphological features 

of indigenous chicken populations of Ethiopia. Animal Genetic Resources Information, 46: 

11-23. 

Fikre A.2001. Baseline data on chicken population, productivity, husbandry, feeding, breeding, 

health care, marketing and constraints in four-peasant association in Ambo Wereda. 73-89. 

Proceedings of the 9th Annual Conference of the Ethiopian Society of Animal Production, 

Addis Ababa, Ethiopia. 

Fisseha M, Azage T, and Tadelle D. 2010. Indigenous chicken production and marketing 

systems in Ethiopia: Characteristics and opportunities for market-oriented development. 

IPMS (Improving Productivity and Market Success) of Ethiopian Farmers Project Working 

Paper 24. ILRI, Nairobi, Kenya. 

Kondombo S R. 2005. Improvement of village chicken production in a mixed (chicken-ram) 

farming system in Burikina Faso. PhD thesis submitted to Wageningen University, The 

Netherlands 208. 

Mehari K. 2016. Poultry production systems and its feed resources in Ethiopia: a research 

review. Scientific Journal of Animal Science (2016) 5(2) 220-227 

Okeno T O, A K Kahi, and J K Peters. 2012 Characterization of Indigenous Chicken Production 

Systems in Kenya. Tropical Animal Health and Production. 44:601-608. 

Tadelle Dessie and B Ogle. 2001. Village Poultry Production Systems in the Central Highlands 

of Ethiopia. Tropical Animal Health and Production. Volume 33, Issue 6, pp 521-537 

Tadelle D. 1996. Studies on village poultry production systems in the central highlands of 

Ethiopia. M.Sc. thesis submitted to Swedish University of Agric. Sciences, 69. 

Tadelle D, Million T, Alemu Y,  and K J Peters. 2003. Village chicken production system in 

Ethiopia: use patterns and performance valuation and chicken products and socio-economic 

functions of chicken. Livest. Res. Rural. Dev., (15)1 

Tadelle D and B Ogle. 1996. A survey of village poultry production in the central Highlands of 

Ethiopia. Part I of M.Sc. Thesis. Swedish University of Agricultural Sciences, Department 

of Animal Nutrition and Management. 

Tadelle D and  B Ogle. 2000. Nutritional status of village poultry in the central high lands of 

Ethiopia as assessed by analysis of crop contents. Ethiopia. J. Agr. Sci., 17, 47-56. 

 

http://link.springer.com/journal/11250
http://link.springer.com/journal/11250/33/6/page/1


[74] 

 

 

Rapid Field Protocols for Assessing the 
Ecological Health of  Highland Streams in 

Ethiopia 
 

Aschalew Lakew
1*

 and Otto Moog
2
 

1
 Ethiopian Institute of Agricultural Research (EIAR), Sebeta, Ethiopia. 

2 
University of Natural Resources and  Life Sciences, Department of Water, Atmosphere and 

Environment, Institute of Hydrobiology and Aquatic Ecosystem Management, Max-Emanuel-

Strasse 17, A-1180 Vienna, Austria. E-mail: otto.moog@boku.ac.at 

Contact - E-mail: aschalewl@gmail.com 

 

Introduction 
 

Rapid bioassessment protocols have been developed as inexpensive screening tools to 

assess the health of streams, rivers and lakes. The need for rapid assessment protocol 

was realized in the mid 1980‟s with the objective to reduce monitoring cost and cover 

extensive areas of un-assessed streams (Barbour et al., 1999). Rapid bioassessment can 

be used by any national, multi-national or regional entity; who wishes a quick, cost 

effective, and scientifically valid method to assess the biologic integrity of wadeable 

water bodies in different climatic and geographic regions. In Europe, North America, 

Australia and South Africa, rapid assessment procedures have been devised and some 

have been regularized for monitoring of surface water bodies. For example in Austria, 

the rapid field assessment of the biological quality of rivers (Moog et al., 1999) has 

been an obligatory part of any biological water quality evaluation. Many biologists 

agree that rapid bioassessment approaches could be used as preliminary screening tools 

to detect initial impairment and rank sites according to the need for further study 

(Hannaford and Resh, 1995). According to Resh (1995), rapid bio-assessment methods 

are appropriate for use in developing countries because neither sophisticated nor 

expensive equipment is required. In particular, screening methodologies are intended to 

be simple and cost-effective. 

 

Wide ranges of bio-indicators are employed to assess the health of streams and rivers. 

Among these biological communities, benthic macroinvertebrate (BMI) have proven to 

be useful indicators to determine the status of running water, since differences in 

environmental requirements among taxa produce community characteristics that reflect 

ecological conditions (Barbour et al., 1999). BMI usually occur in sufficiently high 

abundances, inhabit a large diversity of aquatic habitats, have different life spans, and 

differ in their tolerances to diverse anthropogenic perturbations (Armitage et al., 1983; 

mailto:otto.moog@boku.ac.at
mailto:aschalewl@gmail.com
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Rosenberg and Resh, 1993). In many developed countries, the application of benthic 

macroinvertebrate for bio monitoring is a well-established research practice 

(Rosenberg and Resh, 1993; Barbour et al., 1999). 

 

The aim of this study was to develop a field screening methodology for quick overview 

of river quality status in the Ethiopian highlands. A rapid field screening methodology 

developed for monitoring Austrian streams (Moog et al., 1999) and later adapted to 

assess Hindu-Kush-Himalayan regions (Hartmann et al., 2010) was used as a 

benchmark for Ethiopian highland streams. The major considerations to choose this 

methodology are: a) the methodology was initially developed for assessment of 

highland stream of Austria. Thus, effective for Ethiopian highland streams. b) It is 

successfully adapted to Hindu Kush-Himalayan regions for assessment of streams in 

the mountains (Hartmann et al., 2010), and thus the methodology was proved for 

tropical streams. c) It was tested in highland streams of Ethiopia (Aschalew, 2012) and 

Uganda (Obubu, 2010), and sufficiently distinguished different degradation gradients.  

 

The major advantages of using this protocol include: a) it has holistic nature of 

applications that the methodology considers not only the sensitivity of benthic 

macroinvertebrate but also sensorial and physical features. b) It is scientific, reliable 

and quick to apply. c) It is easily applicable method by individuals working in rural 

offices with farmers after short training. Moreover, the protocol provides a field 

screening decision table for the user to estimate the status of the streams condition by 

using simple arithmetic calculations.  

 

Materials and Methods 
 

Study area 

This study was conducted in the headwaters of four river basins of Ethiopia namely 

Awash, Wabe-shebele, Genale and Rift Valley basins, lying between latitude 6
o
57‟N 

and 9
o
05‟N and longitudes 38

o
07‟E and 40

o
06‟E. Out of 104 sampling sites, 95 sites 

were located in the Ethiopian montane grassland–woodlands eco-region with altitude 

ranging from 1,900 to 2,500 m a.s.l, while the remaining 9 sites were distributed 

between 2,600 and 3,200 m a.s.l. in afro-alpine eco-region of Bale highlands. The 

study area is characterized by scarce coverage of natural vegetation. Chilimo and Suba 

forest in the Upper Awash Basin and Wondo Genet forest in the central Rift Valley are 

covered by indigenous natural forest such as Juniperus procera, Podocarpus falcatus, 

Prunus africanum, Oleaeuro paeaand and Hagenia abyssinica. The headwaters of 

Genale and Wabe-shebele basins are dominated by Erica aroborea, Erica trimera, 

Alchemilla haumannii and Alchemillaellen beckii at higher altitudes, and Juniperus 
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procera, Hagenia abyssinica and different grass species in the protected escarpments; 

for example, Bale National Park and Adaba Forest. In unprotected areas of all basins, 

the natural vegetation was cleared and replaced by farmland, grazing land and/or 

Eucalyptus plantation. 

 

Sampling sites were distributed strategically in the national park, protected forest, rural 

–agricultural and urban-industrial areas to insure different stress gradient and represent 

wider geographic area. The major threats in rural areas are removal of riparian 

vegetation, nutrient loading from farmlands, flushing of reservoirs with a consecutive 

siltation of the riverbed, sand excavation, intensive livestock grazing and watering and 

diverse in-stream activities. In urban areas, the major pollutants comprise diffuse and 

punctual loads of untreated domestic and industrial wastes.  

 

Sample collection 

Macroinvertebrates were collected using standard hand net with frame width of 25 cm 

and mesh size of 500µm following multi-habitat sampling approach (Barbour et al., 

1999; Moog, 2007). In the laboratory, a complete sample was passed through a set of 

sieves in order to clean formalin and to separate size class of macroinvertebrate groups 

under tap water. Benthic macroinvertebrate were identified to family-genus level based 

on the available literature.  

 

Adaptation of field screening protocol 

 

Abiotic features 

Abiotic features visible to naked eyes comprise sensory features and ferro-sulphide 

reduction. These features describe whether the investigated river sections show non-

natural turbidity, non-natural color, foam, and waste dumping. Ferro-sulphide 

reduction phenomenon was characterized in relation with lentic and lotic zone of the 

water. Since oxygen content is linked to water current, ferro-sulphide reduction are 

most likely found in lentic zones and muddy areas or beneath stones at bank faces and 

margins. The dimension of reduction phenomena indicates the degree of oxygen 

depletion. Three flow ranges were distinguished in the protocol: lentic zones (current < 

0.25 m/s), lotic zones (current 0.25–0.75 m/s), and lotic zones (current > 0.75 m/s). 

Since small-scale ferro-sulphide reduction phenomena are known to occur naturally, 

the investigated areas (lentic/lotic zones) need to encompass at least 5% of the 

representative habitat types at the sampling sites. 
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Biotic features 

The biological features are categorized into two: biological elements that reflect high 

oxygen depletion and/or nutrient load (e.g. sewage fungi and filamentous green algae) 

and benthic macro-invertebrates. 

 

Benthic macroinvertebrate richness and sensitivity are the major focus. For adaptation 

purpose, benthic macroinvertebrate data were analyzed and the distribution of each 

taxon across multimetric river quality classes derived from the same data set 

(Aschalew and Moog, 2015a) was graphically visualized. After evaluating the 

distribution of eligible taxon amongst the river quality classes, final values were 

assigned for „best‟discriminators based on expert consensus. Since the relative 

abundance of benthic macroinvertebrate is required for the protocol, verbal abundance 

estimation was performed as rare (1-2/m
2
), few (3-7/m

2
), medium (8-15/m

2
), many 

(16-25/m
2
), and masses (>25/m

2
), 

 

Adaptation procedure 

Sensory features and reduction phenomenon did not require adaptation to regional 

conditions. However, it is important to identify whether the proposed criteria are 

relevant for that specific region or not. For example, odor, ferro-sulphide reduction, 

sewage bacteria and fungi visible to naked eyes are common phenomena in streams 

flowing through Addis Ababa. The effect of nutrient enrichment is clearly observed in 

rural streams through increased periphyton growth and filamentous green algae. 

Therefore criteria related to sensory features, reduction and algae are similarly 

considered as in Hindu Kush Himalayan region (Hartmann et al., 2010). 

 

Benthic macroinvertebrates were carefully analyzed because their distribution and 

abundance can be affected by range of factors including geographical location and 

habitat types. In this study, the diversity of each taxon across multimetric-based five 

river quality classes (Aschalew and Moog, 2015a) was tasted. Relevant taxa for the 

region with high river quality preference are selected to develop rapid field screening 

protocol. 

   

The main instrument used in the rapid field screening protocol is a decision support 

table that visualizes the personal impression of a river section. It is based on an 

assessment of the observable features and benthic macroinvertebrates that can be 

identified in the field without doubt. This table is designed by expert‟s consensus 

characterizing features at different water quality levels (Moog et al., 1999; Sharma and 

Moog, 2005, Hartmann et al., 2010).  
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Any criterion that is observed in the field without doubt is estimated and filled in the 

table according to Hartmann et al. (2010). 

 

„+‟ or „–„accounts for 1 score; „+‟ means criterion was observed and „–„means criterion 

was not observed; „++‟ accounts for 2 scores, „+++‟ accounts for 3 scores; words (e.g. 

high, few, many) including verbal double indications (e.g. few/medium) or percentages 

(e.g. 25%) scored as 2. If „+‟ or „-‟ occur in a row, all „+‟ or „-‟ within the row have to 

be scored adequately. If „words‟ or „percentages‟ occur in a row only those words or 

figures that meet the observation (e.g. „none to few‟) were scored in that row. For the 

classification of river quality classes, the entries of each column were summed up. The 

highest point per column is decisive for the estimation of the river quality class under 

study. 

 

Results 
Some examples are given below to explain the procedure we followed to assign score 

for selected benthic macroinvertebrates. Indicators for high and good river quality 

classes are organisms that are very sensitive to oxygen deficiencies and various in-

stream activities. For instance, the presence of high sensitivity taxon such as Perlidae, 

Philopotamidae, Scirtidae, Lepidostomatidae and Heptageniidae indicates high or good 

quality classes. On the contrary, frequent occurrence and high abundance of less 

sensitive taxa such as Chironomidae, Oligochaeta and Psychodidae indicate poor or 

bad water quality classes. The diversity of Baetidae and Hydropsychidae extends from 

high to poor river quality classes but the species diversity decreased to one species in 

poor water quality class compared to more than two species in high and good water 

quality class. For example, Baetidae consisting only one species showed 55% 

representation in moderate and 29% in poor quality class and Hydropsychidae with one 

species showed 58% representation in moderate class followed by 19 % in poor quality 

class. 
 

Furthermore, the protocol constitutes organisms that are less sensitive to oxygen 

conditions but useful indicators for poor river quality classes. For example, rat tailed 

maggots (Syrphidae) have respiratory tubes and are tolerant of polluted conditions 

where oxygen is scarce. Physella spp. is pollution-tolerant mollusk common in 

unpolluted as well as heavily polluted waters (Nesemann and Sharma, 2007) showed 

clear preference of poor river quality class. Red Chironomidae (Chironomus sp.) is 

known pollution-tolerant taxa that can be found in reference as well as heavily polluted 

streams. However, the relative abundance in heavily polluted streams is significantly 

high (occur in masses) and thus they are strong indicators of poor and bad river quality 

classes. 
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     Table 2.   Rapid field screening protocol for Ethiopian highland streams and rivers 

 

Multiple choices possible River quality classes 

I II III IV V 

Sensory features To be ticked/counted if not in accordance with natural river type 

Non-natural turbidity, suspended solids   + + ++ 

Non natural color  + + + ++ 

Foam  + + + + 

Odor (water)  + ++ ++ ++ 

Waste dumping  + + + + 

Ferro-sulphide reduction – (water velocity< 0,25 m/s) -     

Mud reduced but with aerobic surface  + +++ ++  

Mud reduced but with anaerobic surface    ++ +++ 

Lower surface of stones (% cover black dots)  < 25 % 25-75 % 75-100 % 100 % 

Upper and lower surfaces of stones (-“-)    + ++ 

Ferro-sulphide reduction – (water vel.) 0,25-0,75 m/s) - -    

Mud reduced but with aerobic surface   + +++ + 

Mud reduced but with anaerobic surface    + ++ 

Lower surface of stones (% cover black dots)   < 50 % 50-100 % 100 % 

Upper and lower surfaces of stones (-“-)     +++ 

Ferro-sulphide reduction – (water velocity > 0,75 m/s)      

Lower surface of stones (% cover black dots)   < 25 % 25-50 % 50-100 % 

Upper and lower surfaces of stones (-“-)     +++ 

Bacteria, fungi, periphyton      

Sewage fungi and bacteria (visible to the naked eyes) (-) (-) few medium many +++ 

Sulphur bacteria (visible to the naked eyes) (-) (-) (-) + +++ 

Stones with algal vegetation (periphyton) in thin layers ++ ++    

% of thick, significant layers of algae < 25 % 25-75 % 75-100 % 75-100 % few 

Filamentous green algae none to few filaments, tufts large tufts (large) tufts + 

Benthic macro-invertebrates      

Dominance of very sensitive organisms (9 to 10)*) +++     

Dominance of sensitive organisms (6 to 8)*) + +++ +   

Dominance of medium tolerant organisms (4 to 6)*)   +++ +  

Dominance of tolerant organisms (3 to 4)*)   + +++ + 

Dominance of extremely tolerant organisms (1 to 2)*)     +++ 

Philopotamidae +++     

Scirtidae +++     

Perlidae +++ +    

Acanthiopssp. +++ +    

Afronurus (Heptageniidae) +++ ++    

Lepidostomatidae +++ ++    

Psephenidae ++ ++    

Baetidae more than 2 species ++ +++ +   

Hydraenidae + ++ +   

Potamidae ++ ++ +   

Hydropsychidae 2 species  +++ ++   

Baetidae 2 species  +++ ++   

Hydropsychidae 1 species  + +++ +  

Baetidae 1 species  + +++ +  

Physellaspp.   + ++ + 

Leeches (more than naturally occurring)   + +++ + 

Chironomids with red blood pigments (many or masses)    + +++ 

Ephydridae    + +++ 

Psychodidae soft and light    + +++ 

Rat-tail maggots     +++ 

Sum of columns      

*use scores in the ETHbios table (Aschalew and Moog, 2015b) for dominant taxa. 

 

Discussion 
 

The rapid field screening protocol adapted for Ethiopian highland streams assessment 

includes abiotic and biotic components that can be identified in the field. Sensory 
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features, reduction phenomena and biota other than macroinvertebrates were 

considered similar as tropical developing countries (Hartmann et al., 2010) assuming 

the causes for their occurrence is nearly the same. For example, non-natural turbidity in 

rural streams and non- natural color in urban areas were common because of sediment 

transport through erosion and poor waste disposal system, respectively. Agricultural 

inputs such as fertilizers and manures washed from farmlands caused algal blooming 

especially in dry months of the year. However, benthic macroinvertebrate community 

structure requires prior adaptation to the local environmental conditions (Mustow, 

2002; Ofenboeck et al., 2010; Ferreira et al., 2011). In the present study, benthic 

macroinvertebrate taxa representative for the region were selected and among others, 

taxa that showed a clear pattern of response to different disturbance levels were used 

for the development of rapid screening protocol. 

  

In Ethiopia, the fundamental problem to identify benthic invertebrates is the lack of 

taxonomic keys. Although the use of benthic macroinvertebrates in river quality 

assessment is reported ineffective at lower taxonomic resolution (e.g., Reshand 

Unzicker, 1975; Moog and Chovanec, 2000; Resh, 2007), Bonada et al. (2006) stated 

that, in a field-based assessment, macro-invertebrates are typically identified at the 

family level (Chutter, 1998; Prat et al., 2000). Some other studies also showed that 

family-level data might show patterns of community distribution that are similar to 

patterns based on genus or species-level data (Furse et al., 1984; Rutt et al., 1993; 

Marchant et al., 1995; Bowman and Bailey, 1997; Nielsen et al., 1998). Accordingly, 

most bioticindices apply a family-level taxonomic resolution due to its simplicity and 

cost effectiveness (Armitageet al., 1983; Hilsen hoff, 1988; Sharma, 1996; Dallas, 

1997; Dickens and Graham, 2002; Aschalew and Moog, 2015b). In this rapid screening 

protocol, 20 macroinvertebrates taxa, which are mostly identified at a family level, 

were used. These taxa groups can be easily identified by biologists, environmentalists, 

students, local experts and trained community leaders to undertake quick river health 

assessment. 

 

With the help of this protocol, the time required for data collection, processing and 

interpretation to river quality class is very short (about 2 hours) and two trained 

individuals in the field can accomplish the whole process. Therefore, in addition to its 

cost effectiveness, the protocol allows investigation of a large number of sites within a 

short period. Since benthic invertebrates are returned into the water after recording 

important information, the protocol is environmental friendly and non-distractive. The 

protocol serves as an „early warning‟ method to identify areas that require urgent 

attention or to set priorities for detailed investigation. 
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Even though the protocol is simple in terms of taxonomical complexity, it still requires 

knowledge of invertebrate taxonomy and river ecology because the user has to 

compare results of his/her investigation site with local reference conditions. Therefore, 

adequate training is required for concerned community groups, institutions and 

implementing agencies. Considering the need for simple method to assess a large 

number of streams in short time, the protocol developed in present study appears to be 

a useful tool. However, repeated test-runs in the field to validate and make adjustment 

on indicator organisms is strongly recommended. Furthermore, careful selection of 

representative sampling reach is important when using such protocol to minimize 

errors associated with taxon habitat preference and to avoid re-sampling additional 

reach along stream segment. 

 

In conclusion, the present study linked the changes of benthic macroinvertebrate 

structure in the field with river quality classes successfully, and to our knowledge, it is 

the first field-based protocol constructed from indicative macroinvertebrates, abiotic; 

for example, sensory features and other biotic elements such as  algae and fungi in 

Ethiopia. The protocol can be used to detect organic pollution at large and other kinds 

of disturbances emerging from development activities such as land use change and 

industrialization in Ethiopian highlands. 
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Introduction 
 

Aquaculture is an important weapon in the global fight against malnutrition and 

poverty especially in developing countries like Ethiopia (Tacon, 2001). Increase in 

human population in the developing countries along with changing perceptions on 

healthy food in affluent regions; have led to increased demand for food fish. The total 

fish catch from wild fishing have reached their natural limits (FAO, 2006). 

Aquaculture is now fully comparable to capture fisheries when measured by volume of 

output on global scale. The contribution from aquaculture to the world fish production 

of capture and aquaculture reached 42.2% up, from 25.7% during the past 12 years. 

Asia is the only continent producing more fish (54 percent) than capture fisheries 

(FAO, 2014). 

 

Hence aquaculture has been and still is growing faster than other animal food 

production sectors (FAO, 2006), at a rate of 11% per year over the past decades. 

According to the newly released FAO (2014) reported statistics, the world aquaculture 

production in 2012 was 90.43 million ton, including 66.63 million ton of food fish, 

23.78 million ton of aquatic algae (mostly marine macro algae/seaweeds), and 22.4 

thousand ton of non-food products (pearls and shells, etc.). It is one of the fastest 

growing food processing and economic sectors in the world, where its production was 

at 11% per year over the past decades.  Among these fish culture techniques, cage 

culture, the practice of farming of aquatic organisms in cages and nets, is widespread 

around the world. Cage aquaculture is an old practice dating back to early 10
th
 century, 

when Chinese fishermen grew fish fry in cages made of bamboo sticks (Beveridge, 

1996). This form of aquaculture has expanded rapidly in the past three decades, 

particularly since the late 1980s. The growth is attributed to several factors, including 

high market value and demand for fish, decline in protein food supply and food 

insecurity in developing countries, improvement of technology for cage culture in 

reservoirs and water bodies not suitable for conventional fisheries, and availability of 

technical support and high-quality inputs like fish feed or fry (Eng and Tech, 2002). 
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In recent years, there has been increased effort on promoting cage culture as one of the 

major methods for intense fish production in lakes and reservoirs in the tropics (Guo 

and Li, 2003). Cage culture has a high potential, especially in water bodies that cannot 

be drained or seined and that would otherwise be unsuitable for conventional fisheries. 

These include lakes, large reservoirs, farm ponds, rivers, estuaries, night storage units 

(temporary reservoirs) and micro dams. Compared to pond culture, cage culture has a 

number of advantages. In cages, mixed-sex populations of tilapia (O. niloticus) can be 

reared without the problems of unwanted reproduction and stunted growth, key issues 

in pond culture. Additional cage advantages include simple management (can be 

practiced by both men and women), ease and low cost of harvesting, and close 

monitoring of fish growth. Research on small-scale cage culture operations in irrigation 

canals, rivers, and lakes is still in its infancy in Africa, but these systems have the 

potential to contribute to rural incomes and fish production (Mikolasek et al., 1997). 

For example, experience in Asia indicates that small cages can provide rapid returns to 

the rural poor who do not have access to land for pond aquaculture (Hambrey et al., 

2001). 

  

In Ethiopia, cage culture was started recently as a pilot study by BOMOSA project 

team on small-scale cage culture in Tilapia (O. niloticus), which focused on utilizing 

small water reservoirs situated in semi-arid areas. The experience and results obtained 

from the project outcome were promising and there is a need for up-scaling (OEAW, 

2009). Nonetheless, the costly imported cage materials are a tailback to promote and 

up-scale the technology at large scale in the country. 

  

For decades, polyamide net has been used as the main source of cage material. 

However, the periodically occurring low availability, competition and continuously 

fluctuating and raising prices of the nets are affecting aquaculture (cage culture) 

production and consequently the profitability. Apparently, no effort has been made so 

far on cage material alternatives to polyamide nets from locally available sources. In 

order to enhance and promote cage culture at large scale in Ethiopia, a research for 

cheap and locally available cage material is required. Ethiopia is endowed with many 

indigenous plants, grasses, macrophytes and bamboo trees, which have a high potential 

to replace the costly imported materials. However, none of them have been evaluated 

for their potential as fish cage material. Considering these aspects, the present study 

aims to evaluate the durability, cost effectiveness and growth performance of O. 

niloticus in the locally made cage to replace the costly imported fish cage materials. 
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Materials and Methods 

 
Experimental site 

The experiment was conducted at National Fisheries and other Aquatic Life Research 

Center (NFALRC), Sebeta, Ethiopia. The research Center is situated at a distance of 24 

km southwest of Addis Ababa (8
o
55.076 N; 38

o
38.161E), and located at an altitude 

2240 meter above sea level.  

 

Experimental design 

The experiment was conducted using cages made up of locally available materials and 

imported cage. Locally available 210d/15 polyamide twine thread was used for making 

the body of the cage and bamboo trunk was used for cage frame. For imported cages 

PVC pipe were used as a floater and sinker frame. The local materials were selected 

based on their availability in the local market and suitability for fish cage construction. 

These materials were purchased and collected from Addis Ababa and designed at 

National Fisheries Research Center with a dimension of (1.68 m
3
), 1.4 m (top bar) x 

1.2 m (bottom bar) x 1m (depth of the cage body). The net mesh had 2.5 cm stretch 

length (Figure 1) and the same size was used for locally made and the imported cages. 

The lower tube-frame contains holes that allows entry of water and makes the tube to 

sink while the upper tube is sealed waterproof for floating the cage. The cage was 

easily folded and transported. A typical plot consisted of the pier or walkway (made up 

of wood) to which the cages are attached and fixed. The numbers of cages attached to 

the pier was nine and 50 fingerlings per cage were stocked.  

 

 
 

     Figure 1.  Locally made cage lifted up for sample collection. 

 

Cage installation and stocking 

A typical plot consisted of a constructed pier on which the cages were attached and 

fixed. Three locally made cages, three imported cages were attached to the pier, and 50 
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fingerlings of Nile tilapia (Oreochromis niloticus) were stocked on each cage. The fish 

in the cage were fed a composite mixture of wheat bran, brewery waste and noug cake 

in powder form at 2% of their body weight twice per day, half at 10:00 am and the 

remaining half at 4:00 pm (Table 1). Feeding rates per cage were adjusted monthly 

after weighting a minimum of 50% of the fish stocked.  

 

The study was conducted for 180 days from August 2014 to end of January 2015. Fish 

total length (TL) and total weight (TW) were measured every month to monitor growth 

and make feed adjustment. Water samples (in situ measurements: Temperature and 

oxygen) and laboratory analysis (ammonia) were taken from two different points (inlet 

and inside the cage) in the experimental pond between 9.00 am and 10.00 am were 

taken every two weeks. 
 

                                     Table 13. Proximate composition (dry weight basis) of locally available feeds 

 

Feed ingridients Proportion (% in DM) Nutrient % in DM basis 

Brewery waste 40 Dietary protein levels 29 

Noug cake 51 Lipid 5 

Wheat bran 9 Crude fiber 22 

Total 100   

                                      

                                       

                                        Table 214. Cost of locally made cage 

 

Cost of locally made cage material Cost (birr) 

Cost of one cage net 300 

Cost of one cage sewing material 48 

Cost of sewing for one cage (sewing twine, needle, 

labor) 

100 

Cost of bamboo floater per cage 200 

Cost of bamboo sinker per cage 150 

Cost of mounting a net to the bamboo (per cage) 100 

Total 898 

Note: Table 2 indicates cost of one locally made cage, but the cost of one 

imported complete cage is calculated 3000 birr. 

 

Data analysis 

SPSS version 18 software and excel 2013 were used. One-way ANOVA was used to 

test for significance differences. Significance was declared at P < 0.05. 

 

Results and Discussion 
 

Growth performance of O. niloticus 

Table 3 indicates the availability, durability, cost effectiveness and the growth 

performance of the fish in the two cage systems. The mean final total weight of the fish 
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between the locally made and the imported fish cages were similar and not statistically 

different (P > 0.05). This implies that the locally made cage can totally replace the 

costly imported cage. The physical conditions of both cages were good and there was 

no any visible damage or problem observed during the study period. 

  

During the culture period, we also observed that the mesh size of the locally made cage 

was somehow stretched from 2.5 cm to 3 - 4 cm. This was due to net making problem 

that should be considered in the future extension of the technology. 
                                 

                                          Table 315. Growth performances of O. niloticus in the two types of cages 

 

Parameter New cage Imported cage 

Initial weight (g) 44.0 ± 3.5 48.4 ± 2.6 

Initial length (cm) 10.5 ± 1.5 14.1 ± 0.6 

Final weight (g) 74.8 ± 4.9 78.6 ± 2.5 

Final length (cm) 16.0 ± 2.8 16.6 ± 1.9 

Weight gain (g/fish) 30.8 36.2 

Average daily gain (g/fish/day) 0.2 0.2 

Specific growth rate 0.3 0.3 

Feed conversion ratio 4.4 3.9 

Survival rate 100 100 

 

At the beginning of the experiment until the end of December, the fish grew slowly in 

both cages. The observed growth rate was between 0.1 g/ fish/ day and 0.13 g/ fish/ 

day
 
in locally made cage and imported cage, respectively. This growth rate was very 

slow as compared to other studies (Ashagre Gibtan et al., 2008 and Fasil Degefu et al., 

2011). This slow growth was due to low water temperature (17.6 – 19.5 
0
C) of the 

ponds. According to Zenebe Tadesse et al. (2003),   water temperature below 20 
o
C can 

led to reduced feeding of the fish. The fish relatively grew faster (0.2 g/ fish/ day) in 

January. This was due to an increase in the temperature (19.3 – 22.5 
0
C) and the fish 

was very active and consumed the fed instantly. 

 

Water quality parameters  

 

Temperature 

The minimum and maximum temperatures of the experimental cage pond during the 

beginning of the experiment in August and December were 17.6 
0
C during the morning 

and 19.5 
0
C in late afternoon, respectively. The low water temperatures in those 

months are expected because in Ethiopia, the rainy season starts in June and ends in 

September and the coldest season starts from October onwards increasing towards 

November and December. However, there was increasing trend in the water 

temperature after December where the minimum and maximum were 19.3 
0
C and 22.5 

0
C. The temperature situation in a water body has significant effect on chemical and 
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biological features of the aquatic systems. According to Kassaye Balkew (2012), when 

the temperature becomes low or below the recommended level, the fish stop feeding 

and even could die. The metabolic activity and physiological functions of aquatic 

animals; for example, feed utilization, feed conversion, growth rates of fish can be 

affected by the water temperature (Halver and Hardy, 2002; Azaza et al., 2008; 

Kassaye Balkew, 2012; Zenebe Tadesse et al., 2012). This is also shown in our results, 

where the fish growth rate in August to December was very slow and almost doubled 

in January when temperature increases.  

 

Dissolved oxygen 

According to Wetzel (2001), the solubility of dissolved oxygen (DO) which is essential 

to all forms of aquatic life depends on temperature, pressure and altitude. DO 

concentration in the pond at two different time of the day ranged between 3.8 ± 0.3 and 

14.5 ± 0.41 mgl
-1

.  The solubility of oxygen decreases as temperature increases 

(Wetzel, 2001; Brook Lemma, 2008) which is also observed in this study where the 

concentration of DO was higher during the relatively low temperature condition in 

November-December and started to decline as the temperature increases. 

 

Ammonia-Nitrogen (NH3-N) 

The nutrient analyzed in this study was ammonia-N.  The reason behind measuring this 

parameter is to know its concentration that is responsible for the formation of toxicity 

to the aquatic lives for possible intervention measures. For example when 

ammonia,which is in unionized form is high in the pond water, may be from waste 

food, fish,excreta, dead plankton, etc., it will be toxic (El-Shafai et al., 2004; Brook 

Lemma, 2008). In the present study, the mean concentration of ammonia-N was 0.18 

mgl
-l
. During the study period, the concentration of ammonia was below the range that 

could lead to toxicity. This could be due to the low accumulation of the supplemental 

feed leftovers, fish excreta and dead plankton in the bottom of the pond (Fasil Degefu 

et al., 2011).                                     

 

Generally, this study suggests that locally made cage can replace the costly imported 

cage materials, and helps to reduce expense. Small-scale fish farmers, interested 

investors and organizations in community reservoirs, dams, could apply this cage 

culture etc, who want to farm the fish in the cage system with low cost. During the 

completely culturing period, no mortality of fish was observed. 

 
Cages made up of locally available 210d/15 polyamide twine net making materials 

were equally productive and could potentially replace the costly cage materials. As 

there are different, locally available and suitable cage making materials it is necessary 
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to conduct more research in order to come up with efficient, cheap and durable 

materials that can substitute the imported cage in different parts of the country. 
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Introduction 
 

Nile tilapia (Oreochromis niloticus), which occurs in Ethiopia, is one of the most 

dominant and popular indigenous fish species in sub-Saharan water bodies. In addition, 

it is the best candidate species for aquaculture, due to good adaptive abilities, fast 

growth rate, growth in adverse conditions, diverse feeding habit and preference by the 

consumers (Liti et al., 2006; Kassahun Asaminew et al., 2012; Zenebe Tadesse et al., 

2012). It is also cultured in fresh and saline waters and in any climatic zones especially 

tropical and temperate regions (Lim and Webster, 2006). This fish has been farmed for 

subsistence or commercial purposes and most of the culture practices are semi-

intensive culture systems due to flexible feeding habit and the ability to use more 

diversified feed resources (El-Sayed, 2006). 

   

Feeding of fish is the main role in aquaculture production systems which accounts for 

40-50% of the total production costs in semi-intensive culture systems (Craig and 

Helfrich, 2002; FAO, 2006). To develop aquaculture, search for cheaper and locally 

available feedstuffs is necessary. Industrial and agricultural by-products have been 

used as sources of suitable and cheap feed sources (FAO, 2006; Munguti et al., 2006, 

Kassahun Asaminew et al., 2012).  

  

Vitamins and minerals are needed in small amounts for normal growth, health and 

metabolic activities (Carmen and Geoff, 2007). In Ethiopia only a very few studies 

have been conducted on the effect of agro-industrial byproducts on the growth 

performance of fish (Kassahun Asaminew et al., 2012; Zenebe Tadesse et al., 2012). 

However, not all these attempts included vitamins and minerals in the formulated fish 

feed. Therefore, the present study evaluated the effect of locally formulated agro-

industrial byproducts, vitamins and minerals on growth performance of O. niloticus. 
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Materials and Methods 
 

The study was conducted at National Fisheries and Aquatic Life Research Center, 

Sebeta, Ethiopia (8
o
55.076‟N; 38

o
38.161‟E), which is located at an altitude of 2240 m 

above sea level. Two iso-nitrogenous (29 %) diets were formulated from brewery 

waste, noug cake and wheat bran. The formulated feeds were pelleted using 2 mm 

mesh size sieve for the first four weeks and 3 mm mesh size sieve for the later six 

weeks. Percent inclusions and proximate compositions of the ingredients of the two 

tested feeds are shown in Table 1. One of the formulated diets was supplemented with 

commercial (Deutsche Vilomix GmbH) vitamin and mineral premix at 2 % inclusion 

level (Chapman, 1992). The premix is a composition of different vitamins and minerals 

as indicated in Table 2.  Partitioned concrete ponds (25 m
2
)

 
were dried and limed for 

two weeks and filled with water before the experiment was started. After two weeks of 

conditioning the ponds, O. niloticus fingerlings with average weight range of 13-17 g 

were stocked with a stocking density of 2 fish m
-2

. The duration of the experiment was 

from November 2013 to mid-March 2014. The sources of the parents of the 

experimental fish were from Lakes Hashenge, Tana and Chamo. The fish were fed 5 % 

of their body weight daily (half of the feed at 10:00 am and the remaining half at 4:00 

pm).To generate data on length-weight increment, 50 % of the fish stocked were 

sampled every two weeks using seine net. Feed was adjusted based on the biweekly 

weight gain. At the end of the experiment, all fish were counted and length-weight data 

were taken. 
                                      Table 116. Proximate composition (dry weight basis) of locally available feeds 

 

Composition Test diets 

With premix Without premix 

Brewery waste 35 40 

Noug cake 54 51 

Wheat bran 9 9 

Premix 2 - 

Total 100 100 

Proximate composition (g per 100g)   

Dietary protein levels 29 29 

Lipid  4.8 5 

Crude fiber 22 22 

 

                              Table 2. Composition of vitamins and minerals premix (per kg of premix) 

 

Vitamin Content Vitamin Content Mineral Content 

A 4000 000 IU Nicotinic acid 30 000 mg Iron 25 000 mg 

E 40 000 mg ca-pantothenate 10 000 mg Copper 1200 mg 

D3 400 000 IU p-amino benzoic 20 000 mg Manganese 4000 mg 

B1 3000 mg folic acid 1000 mg Zinc 6000 mg 

B2 4000 mg Biotin 300 000 µg Iodine 400 mg 

B6 3000 mg inositol 50 000 mg selenium 20 mg 

B12 8000 µg C 50 000 mg cobalt 200 mg 

K3 1200 mg     
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Some physico-chemical features of the experimental ponds were measured. Water 

temperature, dissolved oxygen (DO), pH and conductivity were measured three times a 

day using multi-line probe. Water transparency was measured using a black and white 

Secchi disk. To get information on the natural food conditions of the experimental 

ponds, chlorophylla was analyzed using photo-spectrometer. Nutrients like phosphorus 

and ammonia were also analyzed in the laboratory following standard procedures. 

Plankton samples were also sampled using plankton nets (30µm for phytoplankton and 

50 µm for zooplanktons) and identified by using binocular microscope. 

 

Statistical analysis 

Two-way ANOVA was used to test for significance differences and Duncan's multiple 

range test were used to identify which means were significantly different from each 

other. Differences were considered significant at p<0.05. All data were analyzed using 

the SPSS-18 and Excel 2007. 

 

Results and Discussion 

 

Physico-chemical Parameters  

Mean and standard deviations of physico-chemical parameters measured during the 

study period are presented in Table 3. The minimum and maximum temperatures of the 

experimental units during the beginning of the experiment in November and December 

were 16.8 
0
C in the morning and 20.4 

0
C in late afternoon, respectively. The low water 

temperatures in those months are expected because after the main rainy season ends in 

September, the coldest season starts from October onwards increasing towards 

November and December. However, there was increasing trend in the water 

temperature after December where the minimum and maximum were 20.4 
0
C and 24 

0
C. The temperature situation in a water body has significant impact on chemical and 

biological features of the aquatic systems. Previous studies showed that at lower water 

temperature or below the critical level, fish stop feeding and even could die (Kassaye 

Balkew, 2012). The metabolic activity and physiological functions of aquatic animals 

(e.g. feed utilization, feed conversion, growth rates of fish) can be affected by the water 

temperature (Halver and Hardy, 2002; Azaza et al., 2008; Kassaye Balkew, 2012; 

Zenebe Tadesse et al., 2012).. 

  

Temperature has also indirect effect on the survival and growth of fish. According to 

Wetzel (2001), the solubility of dissolved oxygen (DO) which is essential to all forms 

of aquatic life depends on temperature, pressure and altitude. Dissolved oxygen (DO) 

concentration in the pond water at three different time of the day ranged between 6 and 

14.5  mgl
-
1. Dissolved oxygen concentration was higher during the relatively low 
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temperature condition in November-December and started to decline as the 

temperature increases.  The DO concentration was relatively compared to other similar 

studies (Liti et al., 2005; Kassaye Balkew, 2012). This could be due to algal growth 

that faced low grazing pressure by fish, which fed on commercial feeds. 
                                 
                             Table 3.  Physico-chemical values (mean+ SD) of the experimental ponds. 

 

Parameters With premix Without premix 

Temperature (
0
C) 

20.4 ± 0.09 20.0 ± 0.13 

Dissolved Oxygen (mg l
-1

) 
12.7 ± 0.4 9.4 ± 0.37 

pH 7 ± 0.10 6.8 ± 0.14 

Conductivity(µs cm
-1

) 
185.7 ± 1.98 182.9 ± 1.63 

Ammonia- nitrogen (mg l
-1

) 
0.12 ± 0.05 0.14 ± 0.01 

Total phosphorus (mg l
-1

) 
0.12 ± 0.01 0.13 ± 0.02 

Secchi depth (cm) 46.9 ± 3.0 46.9 ± 3.0 

Chlorophyll-a (µg L-l) 23.4 ± 3.9 18.2 ± 2 

 

The nutrients analyzed in this study were total phosphorus (TP) and ammonia-N (Table 

3).  The reason behind measuring these two parameters is that the TP is essential in the 

algal biomass production that in turn helps to avail natural food for the fish. On the 

other hand, concentration of ammonia is one of the parameters to be monitored, as it 

can be toxic to the aquatic lives. For example when ammonia (which is in unionized 

form) is high in the pond water, it may be from wastes (feed leftovers, fish excreta, 

dead plankton etc.,) which can be toxic (El-Shafai et al., 2004; Brook Lemma, 2008). 

During the study period, the concentration of ammonia was within the range that could 

not lead to toxicity. This could be because the supplemental feed was given in a 

suspended net plate where the fish can utilize the feed and no feed leftovers can settle 

down into the bottom where the formation of ammonia could have been possible. The 

other probable reason could be the suspended net plate is on the surface of well-

oxygenated part of the water column and hence ammonia formation was not fast. 

 

Biological variables 

 

Phytoplankton species composition 

Seventeen phytoplankton species were identified during the study period, of which six 

were green algae, four diatoms, four blue greens, two euglena and one dinophyta 

(Table 4).The most frequently observed algal species were Pediastrum, 

Haematococcus speciesandEuglena species. 

 

In aquaculture feed trial experiments, one has to consider the natural food conditions in 

the experimental ponds. It is known that O. niloticus is capable of using a wide range 

of food materials such as plankton (phytoplankton and zooplankton) and grows well on 
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artificial feeds. In the present study, the phytoplankton community consisted of high 

numbers of Chlorophyta and Bacillariophyta species, which can be utilized by the fish. 

The presence of diverse phytoplankton species in each experimental pond could be due 

to the less pressure from the fish because of the supplemental feed. The transparency of 

the pond secchi depth greater than half of the pond water depth could favor most 

phytoplankton species to grow. The other reason for such diverse phytoplankton 

species could be the absence of large filter feeding cladocerans such as Daphnia 

species (Table 5) (Fernando, 1994; Sarma et al., 2005). 

 

Zooplankton species composition 

Zooplankton species identified from the experimental ponds belong to three groups: 

Rotifera, Cladocera and Copepod (Table 5). Fourteen zooplankton species were 

identified where rotifers were dominant accounting for greater than 70% of the total 

zooplankton taxa. On the other hand, copepods were represented only by one species 

and cladocerans by two species. Rotifers account for three forth of the total 

zooplankton species identified during the study period. Absence of large Daphnia 

species could favor the diversity of rotifers. On the other hand, such zooplankton 

species composition also reflects typical tropical aspects where rotifers are the diverse 

taxa (Green, 1993; Fernando, 1994; Adamneh Dagne et al., 2008). 

 
Table 4. Phytoplankton species identified during the study period (1-4 indicates frequency of 

occurrence of species: 1 =rare, 2 = sporadic, 3 = common, 4 = abundant) 

 

Group / Species Relative abundance Group / Species Relative abundance 

Chlorophyta  Cyanophyta  

Pediastrum 4 Anabaena 3 

Haematococcus 3 Anabaenopsis 2 

Zygnema 3 Microcystis 1 

Staurastrum 1 Oocystis 1 

Coelastrum 1 Dinophyta  

Scenedesmus 3 Peridinium 1 

Bacillariophyta  Euglenophyta  

Cymbella 1 Euglena 4 

Navicula 1 Phacus 2 

Nitzschia 1   

Synedra 1   

 

Oreochromis niloticus response to feed additives (premix) 

This paper evaluates weather feed premix (vitamins and minerals) could have brought 

difference in fish growth (Table 6). The mean total weight of all strains, which fed on 

feed with premix, had a better growth performance throughout the experimental period 

as compared to the fish, which are fed without premix. This growth differences can be 

explained by vitamins and minerals (premix) which are better for fish growth because 

they are very important for higher metabolic activity, better appetite, protein digestion, 
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lysine oxidation, better health and growth (Pillay and Kutty, 2005; Carmen and Geoff, 

2007). The deficiency of this premix can lead to impaired carbohydrate metabolism, 

poor appetite, muscle atrophy, low hemoglobin and poor growth (Halver and Hardy, 

2002; Carmen and Geoff, 2007). During the culture period, we also observed that the 

fish, which were fed on feed with premix fed faster as compared to the fish, which 

were upplied feed without premix. Among the three strains, Chamo strain showed 

better growth performance than either Tana or Hashenge strains and the growth 

performance of Tana strain was the lowest (Zelalem, 2013). In contrast to other studies 

which were conducted in fertilized ponds (Foteder, 2004; Liti et al., 2005; El-Sayed, 

2006; Ispır et al., 2011), we observed a positive effect of the premix on the growth 

performance. 
 

Table 5.    List of Zooplankton species identified during the study period (1-4 indicates frequency of 

occurrence of species: 1 =rare, 2 = sporadic, 3 = common, 4 = abundant) 

 

Group / Species Relative abundance Group / Species Relative abundance 

Rotifera  Copepods  

Brachionus calyciflorus 4 Cyclopoid copepod 3 

Brachionusplicatilis 4 Nauplii 4 

Brachionus caudatus 2 Moina micrura 2 

Trichocerca 3 Cladoceran  

Hexarthra 1 Diaphanosoma excisum 3 

Keratella tropica 2 Asplanchina 3 

Keratella quadrata 2   

Polyarthra  1   

Lecane   1   

 

Table 6.  Growth performances of O. niloticus from the three different lakes fed on formulated feeds with premix 

and without premix dietary treatments 

 

Parameters Hashenge Tana Chamo 

Fed with 

premix 

Without 

premix 

Fed with 

premix 

Without 

premix 

Fed with 

premix 

Without 

premix 

Initial weight (g) 16.6 ±0.5 16.4 ±0.6 15.0 ±1.6 13.0 ±0.7 17.3 ±0.4 16.7 ±0.4 

Final weight (g) 53.6 ±3.6a 49.3 ±2.6b 50.6 ±3.4a 47.0 ±2.4b 59.2 ±3.8a 46.0 ±2.8b 

Weight gain (g/ fish) 37.00a 32.90b 35.60a 34.00a 41.90a 29.30b 

Weight gain (g/ fish/day) 0.29a 0.26b 0.28a 0.27a 0.33a 0.23b 

Specific growth rate) 0.90 0.90 1.00 1.00 1.00 0.80 

Feed conversion ratio) 3.90 3.80 4.40 3.60 2.60 4.40 
abValues with the same superscript in each row are not significantly different 

 

The growth trend of the fish in this paper showed differences between months (Figure 

1). At the beginning of the experiment (until the 99 culturing days), all strains grew 

slowly. This slow growth was due to low water temperature (16.8 - 20.4
0
C) of the 

ponds. Zenebe Tadesse et al., (2003) reported that water temperature below 20
o
C can 

led to reduced feeding of the fish. The fish relatively grew faster after the 99 culturing 

days until the end of culturing period. This was due to an increase in the water 
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temperature (20.4 - 24 
0
C) which will increase the metabolic activity of the fish. 

During culturing period social hierarchy and size difference was observed, which 

might be due to use of mixed-sex in the experiments. Most of the females were smaller 

in size and the males were relatively bigger which is also evident from other studies 

where the growth rate of mixed sex tilapia is lower as compared to male tilapia 

(Adamneh Dagne et al., 2013). This is because female O. niloticus spent much energy 

for egg production as compared to males and hence reflected on their size. Generally, 

supplementation of fish feeds with vitamins and minerals improve the growth of the 

O.niloticus. 

  

 
 

Figure 1. Growth curves of O. niloticus in the experimental ponds. Hash # Wi -

Hashenge strain fed with premix; Hash # Wo–Hashenge strain fed without 

premix; Cham # wi - Chamo strain fed with premix; Cham # wo-chamo strain 

fed without premix; Tana # wi–Tana strain fed with premix; Tana # wo - Tana 

strain fed without premix. 

 

The present study showed that supplementation of formulated agro-industrial by-

products with vitamins and minerals resulted in better growth performance of O. 

niloticus strains in unfertilized ponds. The Chamo strains, which received premix, had 

better growth performance than either Tana or Hashenge strains. The Chamo strain 

could be considered as potential strains to improve tilapia production at higher altitude 

and low water temperature conditions. Further studies should focus on testing the 

premix under different conditions, like in fertilized ponds, use of single-sex fish & 

under different agro-ecological conditions.  
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Introduction 
 

Aquaculture in Africa is predominantly rural and orientated principally to meet the 

immediate needs of the farmers and their families. In many instances the fish are 

consumed directly by the farmers‟ family as much as 50% of the harvest in Kenya, 

Ivory Coast and Rwanda (FAO, 1994). Fish farming is still at its infant stage in 

Ethiopia despite the presence of favorable physical conditions that support its 

development. The agricultural policy of the country encourages aquaculture production 

and sustainable utilization of water resources in general (Ministry of agriculture annual 

report, 2008).  So far, fish production in the country depends mainly on capture 

fisheries from natural water bodies. However, the demand for fish is increasing rapidly 

in the country especially in major cities. Over exploitation of fish resources from the 

natural water bodies indicated the dire need to develop aquaculture to close the gap 

between fish demand and supply. 

  

The African sharp tooth catfish C. gariepinus is one of the candidate aquaculture 

species in accelerating Ethiopian aquaculture development. The biological, ecological 

attributes and life history of C.gariepinus are well documented scientifically. Since 

1996, the Clariids and bagrids attracted vast interest in African aquaculture sectors. 

Clarias species rearing has recently undergone major development throughout Africa. 

They respond efficiently to induce breeding and artificial propagation. The growth rate 

of the fish is directly related to temperature, as they can attain a total length of 22-32 

cm after one year. The rearing is carried out typically in lakes and ponds; both mono 

cultural and poly cultural environments are considered suitable. In some cases the 

specie also functions as predators in tilapia fingerling control in poly culture (Babiker, 

1984). The marketable size could be achieved within six months in small-scale rural 

fish farmers under poly cultural conditions. In rural poly cultural ponds, production 

varies from 0.2-0.35 kg /m
3
/year. Marketable sizes for both species would normally 
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arrive at the same time (120-150 g for tilapia and 250-450 g for catfish) after 10-12 

months (FAO, 1994). However, some of the problems reported in catfish aquaculture 

include low reproduction success; aggressive behavior and cannibalism that may cause 

injuries that lead to infection and hampers transportation (Babike, 1984). The research 

and development efforts have not yet met the ever-rising demand for improved seeds. 

In natural habitat C., gariepinus do not spawn all-year round and hence; fry production 

is required for regular supply to the farmers. Therefore, this study was therefore, 

conducted to evaluate the effect of natural and synthetic hormones on African catfish 

(C. gariepinus) seed production performance. The results of this study can be used in 

improving supply of C. garipinus seed through integration with irrigation and livestock 

farming practices in the rural areas. 

  

Materials and Methods 
 

The study was conducted between October 2014 and January 2015 at Sebeta National 

Fisheries and Other Aquatic Life Research Centre (NFALRC), which is 25 km 

southwest of Addis Ababa. The center is located at an altitude of 2200 m above sea 

level, and at 08 54' N latitude and 38
o
38'

 
E longitude. The African catfish, C.gariepius 

broods were collected from Koka reservoir. All brood fish were stocked and 

acclimatized in a fishpond for two weeks before the start of the experiment. The female 

fish were kept separately from the male fish in concrete ponds (10×10×1.5m
3
). They 

were fed with Sebeta feed twice a day at a rate of 5% of their total weight.  The brood 

stocks were checked regularly based on external morphological features associated to 

ripeness, e.g. swollen reddish genital papilla, soft abdominal region, and comparatively 

large belly size. 

  

The synthetic hormones Ovaprim (OV) used in the study are a commercial product 

bought from Aqua-life syndial laboratories LTD. Nanaimo, B.C. Canada. It contains 10 

mg/ml of a salmon gonadotrophin-releasing hormone (sGnRHa). 

  

The carp pituitary gland (PG) was collected from the fishermen leftover in Lake Koka 

reservoirs. Immediately after collection, each pituitary gland was preserved in a vial 

containing alcohol or acetone. The acetone was decanted after 8 hours and then refilled 

with fresh acetone. This was kept in a cool place for 24 hours after which it was poured 

acetone completely, dried by evaporation and stored in a sealed vial for use 

(Woynarovich and Horvath, 1980). 
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Experimental design 

Three factors: ovaprim (OV), carp pituitary gland (PG), and the control group without 

any treatment. Three levels: one time injection total dose at once; two times injection 

(10 %, and 90% at 6 hours interval between the first and second injection; three times 

injection (10%, first injection ,4 hours later the second injection (10%) and then the 

final injection was given 2 hours later (80 %) and no injection was given to the control 

group. 

   

Twenty-one females and nine males were used for this study. The first nine gravid 

females were weighed and injected with Ovaprim at dose of 0.5 ml kg
-1

 of fish total 

weight. Injection frequencies vary between one, two and three times with different time 

interval mentioned above. In the second group nine gravid females were taken and 

injected with acetone dried carp pituitary gland (PG) at a dosage of 3 mg kg
-1

 of the 

fish total weight. After injection, the fish was finger rubbed to avoid the back flow of 

fluid. The injected fish was returned to water tanks and waiting to be stripped. Both the 

treatment and control groups were kept in aquaria with water temperature of 25-28 ºc. 

 

The fish was checked for ovulation frequently by pressing the abdomen. The male was 

scarified to obtain their sperm and dissected; the milt sac was removed before striping. 

Striping took place 14 to16 hours after injection with mean water temperature of 25 to 

28
o
c. The ovulated eggs were squeezed into a plastic bowl by pressing the swollen 

belly part. The process shall continue until traces of blood appear at this point the 

stripping can stop and the fish can be returned back to the water. The eggs stripped 

were weighed and mixed manually by hand with drops of creamy milt collected from 

the male fish. Then 0.9% (NaCl) saline solution was added which causes gentle 

movement of sperms and then chlorine free water was added on ovulated eggs. The 

eggs and milt droplets were mixed using a feather for one minute. 

 

The fertilized eggs were then spread over the nylon net in kept in incubation plastic 

basins. Number of eggs released in tray was estimated using gravimetric methods 

(Bagenal and Braum, 1978). Total weights of the Oocytes were measured using 

electronic balance and then replicate subsamples of ovary were weighed for 

gravimetric estimation of fecundity preserved in Gilson`s fluid. Thus, fecundity was 

calculated using the following formula 

 

F ……………………………………………. (1) 

 

Where F represent fecundity and N represents number of eggs counted in the subsample. 
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About two hundred to five hundred sub samples of eggs were taken from each bowl 

and examined under light microscope. The Oocytes, which were translucent, were 

considered as fertilized while opaque eggs are considered unfertilized. The fertilized 

eggs were then counted in order to calculate the percentage of fertilization. 

 

 (Alam et al., 2006)….(2) 

 

After fertilization, eggs were spread over in a single layer of nylon mosquito net (mesh 

size 0.5mm) that is submerged in water, but suspended a few centimeters above the 

base of the tray. Incubation follows in well-aerated flow water in plastic basin filled 

with 35 L of water. Water flows slowly in and out of the basin to obtain well 

oxygenated medium and not to disturb the eggs. The outer let the basin was covered 

with mesh screened to prevent escape of the young larvae. Incubated eggs were kept in 

separate plastic basin with water temperature of 25 to 28
o
c. After 24 hours of 

incubation, the nylon mesh was removed. Spoiled or dead eggs attached to the net, 

along with shells and other particles were discarded. The hatched larvae were clustered 

at the dark corner of the incubation basins. After hatching, the percentage of hatched 

larvae of each basin was calculated. The hatching rate was calculated using the 

following formula. 

 

 …………………….. (3) 

 

After 14 days of larval rearing, the percentage of survived embryo was estimated by 

visual counting at the end of experimental period. Siphoning of uneaten food and dead 

fries were picked manually daily to determine the mortality rate. At end of study, 15 

fry samples were weighed from each experimental plastic basin, growth rates were 

examined. 

 

Results and Discussion 

 
In the present study the  highest mean ovulated (36829) eggs was found in Pituitary 

gland twice injected brood fish and the lowest number of (22353) eggs was recorded in 

brood fish injected once with Ovaprim (Figure 1). There was no significant difference 

(p>0.05) in the mean number of eggs released between different hormone 

administration rates.  
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Figure 1. Mean fecundity rate of ovulated eggs of C. gariepinus injected with Ovaprim 

and carp pituitary glands at different administration rate. 

 

Bodyweight to gonad weight relationship 

The gonad weight increased according to fish body weight is presented in the figure 

17.It shows that the gonad weight of catfish (C.gariepinus) is related to fish body 

weight. The Pearson correlation coefficient (R
2
=0.74) values indicate that there is a 

strong positive correlation (linear relationship) between gonad weight and fish body 

weight. 

 

 
Figure 2.  The scatter line shows the relationship between body weight and gonad weight for C.gariepinus 

induced production under a hatchery. Each dot refers to one fish 

 

Fertilization and hatching rate 

The brood fish (C.gariepinus) injected with Carp pituitary gland, the fertilization rate 

ranged between 61.3-72.2 % while catfish treated with synthetic hormone (Ovaprim) 

had mean fertilization rate ranging between 63.6 - 72.6%. Both Ovaprim and pituitary 

gland hormones were found to show similar effect on fertility successes of catfish 

induced breeding as shown in Figure 3. However, fertilization rate was slightly higher 

(72.6%) in fish injected two times with synthetic hormone Ovaprim in different doses 

with 6 hours interval, between the first and second injection. Significant hatching rates 

(89%) was recorded in OV2 (Ovaprim two times injected) fish as compared to all other 

treatments except Pituitary gland 1(one time injected) fish. Similarly, Pituitary gland 1 

had significantly higher hatching rates than Ovaprim 1, Ovaprim 3 and Pituitary gland 

2 treated catfish (P<0.05) in Figure 3. 
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Figure 3.  Percentage of fertilization and hatchability rate of C.gariepinus eggs in each treatment 

using Ovaprim and Carp pituitary glands. 

 

Growth performance 

The fry were fed same live Artemia nauplii for all treatment and the growth rate was 

measured at the end of the experiment. The result showed that the higher mean growth 

rate was found in ovaprim 2 (fish injected two times) (14.18± 1.84) and the smallest 

mean weight was recorded in Ovaprim 1(fish injected once) with Ovaprim (10.76 ± 

0.24) (Figure 3). However, there was no Significant variation (P>0.05) on growth rate 

of all fish fry among treatments. 

 

 
 

Figure 4.   Growth performance of C.gariepinus fry after 14 days in each treatment using Ovaprim 

and Carp pituitary glands 

 

The mean fecundity of PG (pituitary gland) injected C.gariepinus ranged between 

22838 and- 33799 eggs. Generally, the mean fecundity of Ovaprim injected C. 

gariepinus, ranged from 22352 - 29440 eggs. 

  

The highest and least mean number fecundity was recorded in fish injected with 

pituitary 2 (two times injection) and Ovaprim 1 (One time injection) respectively 

(Figure 1). The highest number of spawned eggs (75220) was found in fish that were 

injected twice with PG and the lowest number of eggs (4899) was recorded in fish that 

were injected twice with OV. In this study, the brood fish injected with PG solution 



[109] 

 

gave the highest mean number of eggs (36829) followed by fish injected with OV 

hormone (30730) eggs. All catfish injected with PG and OV ovulated eggs at different 

rates and number. Among three treated brood catfish included in the control group, two 

of them did not demonstrate any ovary development, whereas the third fish ovulated 

eggs that were poor in quality and the eggs were attached to muscle tissue, which failed 

to hatch even after full incubation period. From this study we concluded that catfish 

(C.gariepinus) cannot spawn in captivity unless it is induced by injecting different 

hormones in the hatchery. The overall fecundity pattern has shown that there were 

great variations in the number of eggs released between treatments. However, the 

difference was not statistically (p>0.05) significant between treatments. 

 

The study by (Britz and Hecht 1e988) Previous study by Britz and Hecht (1988) using 

PG extract spawned 76,500 eggs, and agreed with our result injected with PG injection 

that yield 75,220 eggs. The earlier study done by X Shano et al., (2005) and Khan et 

al., (2006) has reported high fecundity of C.gariepinus, C.batrachus, and Labeo rohita 

when OV was induced at a rate of 0.2 mg kg
-1

. This result indicated that the dose and 

administration rate of synthetic hormone and pituitary gland did not influence the mean 

number of eggs released. This result however contradicted with the report of Hill, et 

al., (2009) who showed that increasing in dose and administration rate of breeding 

hormones resulted in the production of more number of. The variations in fecundity 

among similar-sized fish species could be attributed to hormone administration rate, 

breeding history, maturity stage, and other external environmental factors (Lager 1986; 

Schulz et al., 2007; Ataguba et al., 2009). Use of hormones may produce poor 

fecundity rate if the brood fish are not well conditioned. Under such conditions, the 

fish may partially spawn or totally fail to spawn l (Piper et al., 1982). 

  

In this study relatively higher percentage (72.6%) of fertilization rate were observed in 

OV 2 (fish injected twice), and the lowest rate (61.3 %) was recorded in PG 1(fish 

injected once). There was still no significant difference (p>0.05) in fertilization rate 

between treatments. This study agreed with earlier reports (Nandeesha et al., 1990; 

Adebayo and Afagbenro, 2004; More et al., 2010), whom claimed that OV injected C. 

gariepinus had higher fertilization rate followed by the PG injected group. Haniffa and 

Sridhar (2002) reported 70% fertilization rate of Heteropneustes fossilis (Stinging 

Catfish, Clariidae) treated with synthetic hormone Ovaprim at dose of 0.3ml kg
-1 

body 

weight, the samedose used in this study. The highest fertilization rate (98%) was 

recorded in H.fossilis with a dose of 75 mgkg
-1

 PG injection. The variation in 

fertilization rate might be attributed to variations in egg and sperm quality, 

physiological difference of brood stocks, seasonal variation, as well as difference in 

hormone dosage (Gheyas et al., 2002; Haniffa and sridhar, 2002; Nwokoye et al., 

2007). Water quality parameters (pH, oxygen concentration, hardness and temperature 
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of water) and handling procedure of the brood fish are also important factors (Khan et 

al., 2006). Artificial breeding of African catfish or Salmon fish prolonged exposure of 

both sperm and eggs to the water, which will reduce the fertility and hatching potential 

(Piper et.al., 1982). The present study also showed that, the mean hatching rate has 

generally lowered in all treatments. The maximum hatching rate (89%) and the 

minimum hatching rate (30%) was recorded in C.gariepinus OV 2 (injected twice) and 

OV 1 (one time injection) groups respectively. The OV 2 injected group had shown 

significantly the highest (p<0.05) hatching rate not only over OV 1 and OV 3 (one time 

and three time injection), but also much higher than PG 1 and PG 3 (one time and three 

times injection) (Figure 2). The mean hatching rate of OV 1 was significantly lower 

(p<0.05) than either OV 2 or OV 3. The poor hatching rate of spawned eggs could be 

linked with fungal infections observed in large number of eggs as observed in this 

study (Tucker and Robinson, 1990). Additional interferences that would affect the 

hatching rate include breeding history, age of fish and hatchery water quality (Ataguba 

et al., 2009). 

  

The percentage of survival rate was higher (85%) in-group OV 1 as shown in Figure 3. 

In a similar study, where Ovaprim was used for breeding the stinging catfish H. 

fossilis, Haniffa and Sridhar (2002) stated that Ovaprim treated fish had better survival 

than other hormonal materials used. In our study, fish treated with PG 1 had lower fry 

survival of 68.2 % recorded at the end of 14 days indoor experimental period. In a 

similar Heteropneustes longifilis, induced breeding study by Nwadukwe (1993), the 

use of frog pituitary extract had a lower fry survival rate. The survived rate ranged 

between 84- 85 % in Ovaprim treated catfish (C.gariepinus) after the 14-day 

experimental period. The higher survival rate of C.gariepinus fry might be due to the 

high water quality managements shown in the study. The overall results yielded 

comparatively higher (68.2-85%) survival rates in all treatments. However, there were 

no statistically significant variations (p> 0.05) among all the treatments. Physical 

observation during the study indicated yolk sacs disappearance within the first three to 

four days post hatching. During this period, no mortality occurred, and the reason for 

this might be availability of food and social competitions within groups. However, 

mortality begun on the 5
th
 day of the experiment, where the live feed (Artemia nauplii) 

was given for the larvae. This mortality could be due to physical injury; over feeding; 

competition for food and high movement in confined spaces. Between 10 to 14 days, 

cannibalism was high and attacks among fish with the same size begun. The mostly 

attacked body parts were tails, broken with body wounds, which eventually lead to fish 

death (Figure 5A). Baras and Almeida (2001) stated that by grading catfish fry every 3 

days the result in better survival rate. During the study, separating and giving pure live 

feed (Artemia nauplii) was difficult, due to large amount of cysts and shell mixed with 

feed, which requires a lot of time and effort to remove. Microscope examinations of 
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fish larvae revealed that some C.gariepinus fry died because of digestion failure from 

accidental consumption of cysts (Figure 5B). 

 

In all treatments, the result showed a similar fry growth rate. This implies the use of 

different breeding hormones, whether natural or artificial, at different administration 

and dose rates, had no significant effect in C.gariepinus fry growth rate. Catfish 

breeding hormones had either promoting or inhibiting effect on growth rate. Instead, 

growth rate of fish could be affected negatively by water quality and stocking density. 

The growth rate was positively affected by supplementary feed (Borghetti and Canzi 

1993).The optimum growth rate of C.gariepinus can be obtained at water temperature 

ranging from 27 to 31ºC (Hoogendoor et.al. 1983). However, the average water 

temperature in the study was below the optimum level for maximum growth rate. 

According to Halver and Hardy (2002), the water temperature below the desirable 

range could affect the physiological function and metabolic activity as well as the 

growth of the fish. 

 

 
   

Figure 5. The picture shows (A) cannibalism and (B) cysts blocking fry stomach 

observed under a microscope in the laboratory. 

 

Even though the experiment was carried out with limited facilities, the result was 

promising. The study result has the potential to be a guideline for further researches to 

improve artificial breeding of African catfish in Ethiopia. In terms of accessibility, 

Ovaprim being imported could beexpensive, while Pituitary extract is relatively 

affordable and available locally. Hence, Carp pituitary gland (PG) is highely 

recommended for the benefit of small-scale aquaculture farmers and commercial 

hatchery users. 
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Introduction 

  
Physico-chemical parameters of water play a significant role in the biology and 

physiology of fish (Dhawan and Kaur, 2002).Water quality is determined by the 

physical and chemical limnology of a reservoir (Sidneiet al., 1992) and includes all 

physical, chemical and biological factors of water that influence the beneficial use of 

the water. Study on water quality is important to use the water for various purposes 

such as drinking water supply, irrigation, fish production, recreation etc. 

 

Water quality deterioration in reservoirs usually comes from excessive nutrient inputs, 

eutrophication, acidification, heavy metal contamination, organic pollution and 

obnoxious fishing practice.  

 

The use of the physico-chemical properties of water to assess water quality gives a 

good impression of the status, productivity and sustainability of water body (Djukicet 

al.,1994).The changes in physical characteristics like temperature, transparency and 

chemical elements of water such as dissolved oxygen, chemical oxygen demand, 

nitrate and phosphate provide valuable information on the quality of the water. 

Reservoirs are usually found in areas of water scarcity or excess, or where there are 

agricultural or technological developments (Wetzel, 1995). 

 

Careful monitoring of water quality parameters is important to understand the 

interactions between parameters and effects on fish feeding, their growth and health. A 

single water parameter alone may not tell much, but several parameters together can 

reveal dynamic processes taking place in a reservoir. Therefore, the main aim of this 

study was to determine the physical, chemical and biological parameters and identify 

the fish species of Geray reservoir. 
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Materials and Methods 

 
Study area 

Geray reservoir  is located in West Gojjam zone, Amhara Three sampling sites were 

selected (near to the inlet site, the open water and near  the outlet).Temperature, pH, 

dissolved oxygen, salinity, Total Dissolved Solid, conductivity were measured in-situ  

using YSI 556 multi-probe meter. Secchi measurement was done using secchi disk in 

the morning. Plankton sample collected using 55(for phytoplankton) and 80(for 

zooplankton) micrometer mesh net. Palin test photometer 5000 was used for analysis 

of total hardness, alkalinity, nitrate, and phosphate and ammonia test. Fish samples 

were collected using 6, 8, 10 and 12 cm stretched size mesh gillnet by setting the net 

overnight. Descriptive statistics has been used to calculate the mean and standard 

deviation values of the parameters. Data was analyzed using simple Excel sheet 2010 

and SPSS V.20. 

 

Results and Discussion 

 
Alkalinity 

In the present study, most of the physico-chemical parameters remained within 

favorable ranges for fish growth and survival (Table 1). The mean value of  the total 

alkalinity 83.6, 82, 80 mg/L in the open water, inlet and outlet side of the reservoir, 

respectively and  were favourably well with the range given for lakes and reservoir by 

USEPA (1998), and is an indicator to the good quality of the reservoir water. It is 

reported that total alkalinity above 40 mg/L is indicative of high productivity (Suguna 

1995).Thus currently  the reservoir is in good state that it may support good fish 

production. 

  

Total hardness 

The mean values of hardness recorded in the open, inlet and outlet sidewere 51.3, 50, 

47.3 mg/L, respectively. This shows the reservoir water is soft as recommended by 

Hanna (2003) with the range of 32-60 mg/L. 

 

Phosphate 

The highest mean concentration of phosphate recorded was 0.71 mg/l, which was 

obtained from the inlet side. This higher concentration of phosphate might be due to 

inflow of domestic waste, agricultural runoff from the nearby farms Effects of human 

activities on the reservoir and its watershed are much reflected on the variations seen in 

nitrate, phosphate and possibly sulphate concentrations. The relatively high 
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concentration of phosphate (0.77 mg/L) recorded and that of sulphate (16.3 mg/L) in 

the inlet side could have come from leaching and run-off of nitro-phosphate and 

sulphate fertilizers from nearby farm lands.  Cow dungs dropping, bathing and washing 

with phosphate based detergents into the reservoir might have also caused the high 

concentration of the nutrients. 

 

Dissolved oxygen 

Dissolved oxygen (DO) is the most important among the water quality parameters, 

which control life forms in the water. (Bwala and Omoregie, 2009).Desirable 

concentration of dissolved oxygen for most fish is 5 mg/L and above (Bwala and 

Omoregie, 2009). The mean Dissolved oxygen level of Geray reservoir was 7, 7, 7.26 

mg/L in the open water, inlet and outlet site, respectively. This shows DO was within 

the desirable limit to sustain aquatic life in the reservoir. 
 

       Table 1.   Water quality parameters of the three sampling sites of Geray reservoir reservoir 

 

Parameter Site Mean SD Parameter Site Mean SD 

Phosphate (mg L-1) Open water 0.55 0.57 Total hardness 

(mg L-1) 

Open water 51.3 7.50 

Inlet 0.71 0.76 Inlet 50.0 11.13 

Out let 0.44 0.44 Out let 47.3 17.50 

Ammonia (mg L-1) Open water 0.08 0.05 Sulphate (mg L-1) Open water 3.66 1.154 

Inlet 0.06 0.07 Inlet 16.3 14.04 

Out let 0.053 0.07 Out let 5.3 2.52 

Nitrate (mg L-1) Open water 4.961 1.90 Alkalinity (mg L-1) Open water 83.6 7.09 

Inlet 3.191 3.35 Inlet 82 7.21 

Out let 4.503 0.73 Out let 80 13.23 

Nitrite (mg L-1) Open water 0.062 0.03 DO (mg L-1) Open water 7.01 0.76 

Inlet 0.043 0.06 Inlet 7.00 0.70 

Out let 0.063 0.04 Out let 7.26 0.48 

 

Secchi disk measurement 

The lowest mean value of secchi disc transparency was recorded in the inlet side 31.4 

cm showing little turbidity. The transparency of water is affected in various seasons 

due to algal blooms and suspended sediments (Horn and Goldman, 1994). The mean 

secchi disc visibility, 34.06 cm and 55.1 cm in the open water and outlet side, 

respectively might probably reflect the depth of light penetration, which enhances 

plankton growth for fish, feed. 

 

PH 

Using  pH Geray reservoir has good water quality with the mean pH  of 7.29 in the 

open water, 6.96 in the inlet and 7.3 in the outlet site, since most natural waters have 

pH between 6.5 and 8.5(Alabaster and Liyold 1982). 
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Table 2.  Results of water quality parameters of the three sampling sites of Geray reservoir 

 

Electrical conductivity 

Electrical conductivity one measure of water quality index (Moore, 1989). The results 

of Geray reservoir have shown good water quality. The mean results obtained were 

169.3, 168, 170 μs/cm in the open, inlet and outlet sites, respectively. This will support 

diverse species of organisms. Dumont (1999) also observed that species number 

decreases in high conductivity. The ranges of electrical conductivity and Total 

Dissolved Solids values in the reservoir will support productive fisheries coupled with 

the reservoir‟s shallowness. The two parameters could be used as morpho-edaphic 

index to estimate potential fish yields in reservoirs (Jenkins, 1982). 

 

Zooplankton density and composition  

As biological indicators three different taxa of zooplankton were collected (Table 3). 

Of these, the most abundant taxon was copepoda (666 ind. /m
3
, which was followed by 

Cladocera (190 inds. /m
3
 or 15%). The developmental stages of cyclopoid “Nauplia” 

were higher in their density in all study sites. Among the three study sites open water 

showed higher density of zooplankton, especially cyclopoid followed by outlet site 

(Table 4).The inlet site was relatively low in zooplankton density. 
  

  Table 3. Density and percentage relative abundance (%RA) of zooplankton 

taxa of Geray reservoir. 

 

Type of zooplankton taxa Ind./m3 % RA 

Bosmina 95 11 

Cyclopoid 190 22 

Daphnia 95 11 

Nauplia 476 56 

 

Parameter Sites Mean SD Parameter Sites Mean SD 

pH 

 

Open water 7.29 0.75 Salinity Open water 0.08 0 

Inlet 6.96 0.522 Inlet 0.08 0 

Out let 7.30 0.77 Out let 0.08 0 

Turbidity 

(NTU) 

Open water 9.00 12.12 Conductivity 

(μScm-1) 

Open water 169.3 4.04 

Inlet 15.00 4.58 Inlet 168 4.35 

Out let 8.00 5.20 Out let 170 6.50 

T(0C) Open water 22.52 0.82 Secchi 

depth in cm 

Open water 34.1 29.24 

Inlet 22.88 0.69 Inlet 31.4 27.66 

Out let 22.70 1.73 Out let 55.1 37.51 

TDS (mgL-1) Open water 110.7 0.00     

Inlet 109.3 0.00     

Out let 110 .00400     
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Table 4. Density of zooplankton taxa (ind./m3) of Geray reservoir at the three sampling sites 

 

Type of zooplankton taxa Open water Outlet Inlet 

cyclopoid  + naupli 1333 667 190 

Daphnia 0 (not found) 95 190 

Bosmina 0 (not found) 95.24 0 (not found) 

 

Fish Species 

Fishing is their income generating activity next to crop production in the area. Fishers‟ 

daily catch is attractive (personal communication).The species type found in the 

reservoir were Cyprinuscarpio, Varicorhinusbeso, Carasius a uratus and 

Oreochromisniloticus. 

 

Gold fish species has been introduced by collaboration of ministry of agriculture and 

the national fisheries research center during the Derg regime (personal communication 

from the bureau of agriculture). It is a docile fish species, so easy to handle and fish in 

the reservoir and hence the inhabitants call it Emuhay. Redbreast Tilapia - Tilapia 

rendalli is a fighting fish that delight in catching. It was introduced 25 years back 

during the Derge Regime, for reducing vegetation cover of the Geray reservoir (pers. 

comm.) 

 

Most of the results of physico-chemical parameters monitored in the study fell within 

the range conducive for the survival of aquatic organisms and within the permissible 

level stated by most countries specially set by United State Environmental Protection 

Agency (1998) and World Health Organization (2004). Thus, the water can be 

classified as good, stable and healthy for aquatic ecosystem and support the growth and 

survival of fish in the reservoir. 

 

There is a tightly coupled interaction between physico-chemical and biological 

properties of water, hydrology, construction, operations and functioning reservoirs. 

Therefore, there should be continuous monitoring of reservoir impacts on fish 

biodiversity and fish production as reservoir ecosystem changes with time. It is 

important to know about water quality parameters and their management that have 

influence on growth and survival of aquatic organisms. Therefore, depending on this 

study result Geray reservoir is in a good state in its physical biological properties to 

support aquatic life. 

 

Despite the importance of the reservoir the community in different aspects such as 

forage source for animals, recreation and cultural festivity and generating income by 

selling the macrophytes, source of fish fingerlings to develop aquaculture and 

irrigation, its sustainability is in question. Recently the downstream community has 
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decided to drain the reservoir and utilize it in other directions to make extra canals for 

additional irrigation areas and to find the simplest slope, which might help for their 

crop but this, might also be one threat for its sustainability in the future. 

  

Although the current state of the reservoir is good the present mismanagement may 

harm its future sustainability of the reservoir, therefore, it is recommended that the 

local community and authorities from different organizations should join hands to 

protect this reservoir from being overexploited. Ministry of forestry and environment 

of Ethiopia should put up policies that should stop the various human activities which 

have been identified as a major threat to the sustainability of aquatic life for all 

reservoirs in the country. 

  

The community should be awaked by workshops and training to make them aware 

while they are starting to exploit their resource because most of the inhabitants near the 

reservoir didn‟t even know the sustainable way of utilization .There should be a 

boundary between the community land and the reservoir. These events might not stay 

in the current state but if the mismanagement of the reservoir continues it might lead to 

cultural eutrophication of the reservoir with subsequent bloom in algae and changes to 

the water quality in the future. 
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Introduction 
 

Lake Tana  is  shallow lake (average depth 8 m, maximum 14 m) covering a surface 

area of 3200 square km. The lake is turbid, well mixed by afternoon winds and lacks 

thermocline (Dejen et al., 2004). The lake is characterized as an oligotrophic to 

mesotrophic with low nutrient concentrations, relatively high silt concentrations with 

loading rate of 8.96-14.84 million tons of soil per year (Teshale et al., 2001; 

Nagelkerke, 1997; Wondie et al., 2007; Wudneh, 1998; Yitaferu, 2007). 

 

Lake Tana and its adjacent wetlands provide directly and indirectly a livelihood for 

more than 500, 000 people (Gordon et al.,2007) and the total population in the lake 

basin is estimated to 3 million  2007 (CSA 2003). The population density is high in the 

north, east and south of Lake Tana , with the highest in the north  (151-200 persons 

km
-2 

(CSA, 2003).The pollution impact on the lake has been getting worse by the fast 

growing urban centers  especially Bahir Dar city that harbors about 163, 000 

inhabitants (CSA, 2003). 

  

Pollution refers to a condition of water within a water body caused by the presence of 

undesirable materials (APHA, 1995). The main sources of water pollution are 

sedimentation, agricultural runoff, domestic, municipal waste and industrial effluent. 

Pollution of the aquatic environment by inorganic and organic chemicals is a major 

factor posing serious threats to the survival of aquatic organisms including fish (Saeed 

and Shaker, 2008). Freshwater fisheries that provide protein for a large part of the 

population are threatened by poor water quality emanating from point and non-point 

source of pollution. In point sources, the nutrient waste travels directly from source to 

water. Unlike non-point sources of pollution, point sources are relatively easy to 

regulate. Non-point sources are difficult to regulate because it vary spatially and 

temporally (with season, precipitation, and other irregular events) (Saeed and Shaker, 

2008). 

 

http://en.wikipedia.org/wiki/Season
http://en.wikipedia.org/wiki/Precipitation_%28meteorology%29
http://en.wikipedia.org/wiki/Act_of_god
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The physico-chemical and biological characteristics of lakes such as Lake Tana are 

influenced by both natural (examples required) and anthropogenic inputs like 

construction of big hotels on the shore area of the lake specially in the southern gulf  

and recession agriculture mostly in the north eastern area of the Lake. A healthy lake 

eco-system could conserve the natural and social balance by contributing healthy 

environment of its location .Nowadays naturally existing dynamic water bodies like 

rivers, lakes and estuaries are affected by  human activities (Tamiru, 2004; Mahananda 

et al., 2010; Mehari and Mulu, 2013). 

 

Several studies have been conducted and some are underway by universities and 

research institutions on Lake Tana water quality, fish fauna, and aquatic biodiversity 

including birds (Addisu, 2009; Akoma, 2010; Dejen et al., 2004; Goshu et al., 2010; 

Nagelkerke, 1997; Wonde et al., 2007). Many of these researches mainly focused in 

the southern and northern part based on their research interest and may be due to 

limited facilities and the size of the Lake. Therefore, this research focused to 

investigate the current water quality status of Lake Tana in the north, south, east and 

west directions 

 

Materials and Methods 
 

Sampling sites were selected purposively upon observation on domestic waste 

damping, effluent discharge, recession agriculture and other anthropogenic activities 

Gedamat, Sekela and Dirma (one of the tributary river to the lake) were sites 

representing the Northern part of the lake. Gedamat and Sekela are found in the 

northern area of the lake where agriculture is practiced. Debremariam kuriftu resort 

and spa, Prison house are sites selected representing the southern gulf. Debremariam is 

one of the sites representing the southern part of the lake where there are agricultural 

activities very near to the boundary. Kuriftu Resort and Spa was one representative site 

of the southern gulf of lake to see the urban waste effect on the water quality because 

most of the big hotels on the boundary of the lake are dumping their wastage directly to 

the lake. Prison house was the third sampling site for the southern part of the lake 

where agricultural runoff and urban waste is dumped. Agidkrigna, Tezaamba and 

Korata were representative sites for the Eastern part of the lake where the agricultural 

activity is much more than others were because in these selected sampling areas the 

inhabitants are very near to the Lake shore. Gilgel Abay and two sites represented the 

west samples from Kunzila of Lake Tana. Data has been collected from 2012 to 2014 

twice a year Dissolved Oxygen, pH, salinity, Total Dissolved Solid, temperature and 

electrical conductivity were measured on site using YSI 556 multi-probe after 

calibration. Water samples were collected from each sites and transported to 

Laboratory for analysis following standard procedure (APHA, 1998). 
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All statistical analysis was done with the statistical package for social sciences, SPSS 

for windows, version 20. Descriptive statistics has been used to compute the mean and 

standard deviation. 

 

Results and Discussion 

 
Nitrate 

The mean values of nitrate recorded in this study were 7.87, 1.67, and 0.55, 2.00mg/L 

in the south, north, east and west, respectively. The mean result of nitrate in the 

southern part is 7.87mg/L which is by much higher than previous works done by 

Goshu et al. (2010) and Akoma (2010) and higher than most countries. Nitrate level in 

freshwater is usually found in the range of 0.1 to 4 mg/L. Unpolluted waters generally 

have nitrate levels below 1 mg/L (Gopalkrushna, 2011; Tank, 2013). This result shows 

an indication that some human activities has some impact on the water quality of the 

lake the quality is deteriorating. The low level of nitrate in the eastern site might be due 

to the inhabitants are farmers so that there is no urban wastage from hotels, hospitals or 

industries that might increase the nitrate level. 

 

High level of nitrates mostly was found in rural areas because of extensive application 

of nitrogenous fertilizers for agriculture .In urban areas sewage water rich in nitrates 

contaminate and increases the nitrate amount in surface water (Gopalkrushna, 2011; 

Tank, 2013). 

 

Phosphorus 

In the present study in all the sites the results of phosphate was much higher than the 

recommended level by USEPA 2008. This result agrees with previous works done in 

the southern parts of the lake (Addisu, 2009; Akoma, 2010) this might be due to 

discharge of municipality sewage and dumping of domestic waste into the lake. The 

high phosphate found in this lake might accelerate eutrophication in the future 

Phosphorous may occur in lake as result of domestic waste, detergent and agricultural 

runoff containing fertilizer (Gopalkrusna, 2011). Phosphorus is a key metabolic 

nutrient, its presence regulates phytoplankton and plant product, hence increase fish 

production. In an effort to maintain a healthy water system and to minimize algal 

growth, the United States Environmental Protection Agency (USEPA 2008) 

recommends that phosphate levels be kept below 0.1 mg/L and 0.025 mg/L accelerates 

the eutrophication process in lakes. 
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Ammonia 

In the present study, the mean ammonia values in the four sites were 0.08, 0.18, 0.053 

and 0.16 mg/L in the south, north, east and west sites, respectively. The results found 

except the East site are higher than recommended values for aquatic life by many 

authors. This results shows the fish in Lake Tana might get a difficulty of gill damage 

and low growth due to the higher value of ammonia. Although ammonia is a nutrient 

required for life, it is toxic for aquatic organism and excess of ammonia can 

accumulate in the organism cause alteration in metabolism or increase body pH (knepp 

and Arkin, 1973). Anthropogenic activities produce increasing amounts of nitrogenous 

material and a significant proportion is in the form of ammonia or compounds, which 

can yield ammonia. Significant amounts of ammonia are generated from the production 

and use of fertilizers, biomass burning, from animals, especially intensive animal 

husbandry (Alabaster and Liyod, 1982 and Janna, 1994) and thus ammonia enters fresh 

water from sources such as sewage, industry, animal wastes, and bacterial activity. 

Most fish produce ammonia as an end product of protein metabolism and it is excreted 

via the gills to the surrounding water. Elevated levels of ammonia in the environment 

either impair ammonia excretion or result in a net uptake of ammonia from the 

environment. When levels reach 0.06 mg/L, fish can suffer gill damage (knepp and 

Arkin, 1973).Ammonia levels greater than approximately 0.1 mg/L usually indicate 

polluted waters (Janna, 1994). 

 

Dissolved oxygen level 

The mean dissolved oxygen levels in this study were 6.28, 6.89, 6.05 and 5.77 mg/l in 

the South, north, east and west respectively (Table 2). Ali in 1991 stated that DO level 

in good fishing waters generally averages about 9.0 mg/L, but high DO concentrations 

(>20 mg/L) are toxic to fish and cause physiological dysfunctions and developmental 

abnormalities in fertilized eggs and larvae. In dissolved oxygen values from 1.5 – 5.0 

mg/l fish survive, but growth will be slow and fish will be more susceptible to disease 

(Ali, 1991). Dissolved oxygen level of 5.0mg/l means it is at saturation and it is at its 

Desirable range for aquatic life but most of the time at levels above saturation possible 

gas bubble trauma might occur if exposure prolonged (Boyd, 1979). The results in this 

study are above 5 mg/L and this revealed that fish can survive in all the sites of Lake 

Tana, but reduced feed intake slow growth, stress, and susceptibility to disease might 

occur. Because the results are higher than the lower limit for instance it is 5.77 in the 

western part. This might be probably due to the possible entry of organic and inorganic 

matter during run off from the surrounding areas and their decomposition might 

contribute to the low level of oxygen to all the sites. 
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Secchi transparency 

The mean observed secchi disk depth recorded was 72, 44.8, 25 and 28.3 cm in the 

South, North, East and West respectively. This result is in line with Akoma (2010) who 

studied the southern part of the lake‟s water quality. The lower mean value in the East 

and West part of the lake shows the water is turbid.  

 

secchi disk measurement less than 20 cm might cause danger of dissolved oxygen 

problems every night, levels from 20 – 30 cm plankton becomes over abundant and 

levels from 30 - 45 cm is ideal for aquatic biodiversit Boyd (1979) . 

 

Moreover, at levels from 45 - 60 cm plankton will become too scarce but if it is more 

than 60 cm; water is too clear which means the water has inadequate plankton 

production and explosion of aquatic weed problems might occur.range 

 

One of the aquatic weed, which is known as water hyacinth is expanded in his lake 

recently and this might have some interaction with deterioration of the lake‟s water 

quality. Observed secchi disk measurement range from a few centimeters in very turbid 

lakes to over 40 m in the clearest known lakes (Wetzel, 1983). In the present study the 

least secchi depth is recorded in the East and west part showed less secchi 

measurement and this is because in these areas high agricultural activity is practiced 

and during rainy season the runoff might enter to the lake with high silt load. From the 

results recorded Lake Tana is showing turbidity sign in the East, West and North parts 

as expected due to the agricultural activities practiced near the lake. 

 

Turbidity 

Turbidity of water can be expressed in terms of secchi disk measurement or in 

Nephelometric Turbidity Units, NTU. Turbidity is the expression of optical property 

by which light is scattered by the colloidal particles present in the water 

.Phytoplankton, microscopic organisms, clay, slit and other organic matter makes a 

lake turbid (Das and Shrivastaba, 2003). The mean turbidity value of the studied parts 

of the lake were 8.93, 58.33, 41.5, 7.5 NTU in the South, North, East and West 

respectively. In the southern part  the mean secchi measurement was 72cm which 

shows the lake in this sites is not receiving much agricultural run-off and this is in line 

with the turbidity value recorded 8.93 NTU which is relatively less turbid and this 

might be due to less agricultural activities are practiced in the southern part. All our 

results were found above the prescribed limits by USEPA (2008).Water is visibly 

turbid at levels above 5 NTU. This study result shows Lake Tana is relatively turbid in 

the North and East part compared to the other two sites. The relatively higher turbidity 

in the North and East part may be the recession agriculture practiced near to the lake. 
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Turbidity also prevents the fishes from finding their prey, thus reducing the feeding 

activities of fish and lowering productivity (Verma et al., 2012) .High turbidity signify 

presence of large amount of suspended solids (Verma et al., 2012), this again indicate 

the high rate of siltation which in turn decrease the depth of the water body. 
 

                    Table 1.    Results of water quality parameters of the four sampling sites of Lake  Tana 

 

Conductivity :  Electrical conductivity is sensitive to variations in dissolved solids, 

mostly mineral salts and it is related to the concentrations of total dissolved solids and 

major ions(APHA, 1995).Electrical conductivity can easily be measured and is, thus, 

used for establishing pollution impact zones, e.g., around an effluent discharge, or the 

extent of influence of runoff waters (APHA, 1995). In this study, the mean 

conductivity values of all the sites were low which shows an indication of the low ionic 

concentration of the lake and that of the inflowing rivers. 

 

PH: In this study, the mean pH value of the results of all the sites shows that the pH 

shows alkalinity specially the East part 8.72 is higher than recommended value for 

aquatic life (Table 2).The pH of lake water is an important general water quality 

indicator because pH is a major factor in most chemical and biological reactions. 

Accepted water quality criteria (USEPA, 2008) indicate a pH of less than 6.5 units may 

be harmful to many species of fish. Therefore, the pH range of 6.5 to 8.5 units would 

be suitable for the protection of aquatic habitats (Alabaster and Lioyd, 1982). The 

higher pH might be the result of fertilizer application to cultivated lands adjacent to 

Lake Tana, discharge of effluents from the municipal and domestic wastes and 

discharge of detergents from washing clothes from the shore line inhabitants this in 

turn might cause slow growth of Fish. 

Parameter Site Mean SD Parameter Site Mean SD 

Phosphate  (mg L-1) South 0.20 0.09 Total hardness 

(mg L-1) 

South 53.06 13.62 

North 0.2183 0.05289 North 47.83 20.238 

East 0.4300 0.41367 East 76.17 68.159 

West 0.4600 .46755 West 49.80 10.059 

Ammonia (mg L-1 South 0.0819 0.11878 Sulphate (mg L-1) South 3.8125 8.4239 

North 0.1817 0.15272 North 10.000 26.000 

East 0.0533 0.05203 East 12.86 13.773 

West 0.1560 0.18982 West 14.750 29.500 

Nitrate ( mg L-1) South 7.8700 1.09028 Alkalinity (mg L-1) South 75.375 13.235 

North 1.6793 19.01363 North 69.363 10.190 

East 0.5513 0.47863 East 1.1017 42.120 

West 2.0055 1.50328 West 56.400 32.004 

Nitrite (mg L-1) South 0.0181 0.02766 Turbidity (NTU) South 8.9286 13.263 

North 4.5132 15.584 North 58.333 37.692 

East 0.0229 0.01583 East 41.500 34.923 

West 0.0700 0.12718  West 7.500 119.480 
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Temperature:  Temperature is one of the essential physical parameter of water 

quality to measure because it influences the aquatic life by altering the dissolve oxygen 

(DO) concentration in the water making oxygen less available for respiration and 

metabolic activity of aquatic organisms (Janna 1994; Jalal and Sanalkumar, 2012; Tank 

and Chippa, 2013). In this study, the mean temperature registered were almost the 

same in all the sites (Table 2) which is less than the permissible range in USEPA, 

2008. This might reduce the feed intake and growth rates of the fish found in Lake 

Tana and this may be due to contamination of municipality sewage and agricultural 

runoff. Fish can sense very slight temperature differences. Fishes are most dependent 

on water temperature, pH, dissolved oxygen, free carbon dioxide, alkalinity and some 

other salts for growth and development. Any change in any of these parameters may 

affect the growth, development and maturity of fish (Jhingram, 1985). Although it was 

good to measure all parameters of water quality to know water quality and detect 

pollution, in this study it was only possible to measure some important parameters that 

can slightly tell the water quality status and pollution level of this lake. 
 

                 Table 2:  Results of water quality parameters of the four sampling sites of Lake Tana 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In conclusion, the results obtained from this study revealed that NH3–N, phosphate and 

nitrate are above desirable limit suggested by USEPA 2008.This is the a result which 

show the lake is  receiving  very high amount of pollutants from the surroundings and 

is highly contaminated by agricultural runoff and sewage effluents. The result of 

phosphates of all sites showed almost on the way to be eutrophic. However, 

chlorophyll a concentration should be done to strengthen this conclusion. From the 

result of this study, the levels of most of the physico-chemical parameters were higher 

Parameter Site Mean SD Parameter Sites Mean SD 

pH South 7.96 2.757 Salinity South 0.07 56.82 

North 7.86 0.7013 North 0.069 0.025 

East 8.72 0.7048 East 0.065 0.058 

West 7.39 0.681 West 0.064 73.28 

Dissolved 

Oxygen (mg/L) 

South 6.28 2.320 Conductivity 

(μScm-1) 

South 151 38.72 

North 6.89 0.365 North 134 25.04 

East 6.05 0.705 East 119 10.60 

West 5.77 0.668 West 140 18.35 

Temperature (0C) South 22.71 0.976 Secchi (cm) South 72 28.29 

North 21.79 6.731 North 44.8 13.38 

East 24.6 0.018 East 25 0.876 

West 25.13 0.020 West 28.3 0.464 

Total Dissolved 

Solid (mg/l) 

South 451 16.87  

North 278 0.005 

East 86.3 0.015 

West 90.2 10.621 
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than USEPA, 2008 and WHO, 2004 regulatory limits from point and non-point 

sources. Consequences of such pollution by human activities and discharge of sewage 

water makes the existence of this lake more vulnerable. It is the prime necessary to 

take immediate remedial action to prevent all anthropogenic activities in this lake. 

Local peoples are ignorantly harming the lake and the dreadful condition of the lake is 

visible from the results of the most common water quality parameters. 

 

The lake had been previously characterized as oligotrophic lake by levels of algal 

biomass expressed in chlorophyll a and physic-chemical conditions (Wonde et al., 

2007). However, in this study nitrate level of 7.87 mg/l in the southern part and 0.46 

mg/l phosphate in the western part of the lake is an alarming condition and the lake 

may suffer by eutrophication very soon. Further study should be done to know the 

current pollution status through quantifying heavy metal concentration level and other 

techniques of quantifying pollution. Moreover, there should be water quality 

monitoring sites to monitor the lakes water quality level. 

 

It is highly recommended that further work should be done on heavy metal 

concentrations to know and determine the pollution level. There is the need to sensitize 

stakeholders around the lake on the need to prevent unnecessary entry of wastes and 

toxic inorganic compounds in the lake which in the long run have the tendencies to 

exacerbate ionic build up in water to a level that may pose serious health risk to man.  

 

In the future, there should be a constant monitoring of the physico-chemical parameters 

to increase in anthropogenic activities around the area. Alike the other campaign 

activities such as soil conservation and delineation of the watershed area, there should 

be a campaign to do delineation and to stop recession agriculture near the shore of 

Lake Tana to protect the lake from different anthropogenic activities  
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Introduction 
 

Honey bees produce honey from  the nectar of plants or from secretions of living parts 

of  plants  or  excretions  of  plant  sucking  insects  on  the  living parts of plants, 

which the bees collect, transform by combining with specific substances of their own, 

deposit, dehydrate, store and leave in the honey comb to ripen  and  mature  (Codex 

Alimentarius, 2001). Honey is a natural sweet food produced by bees from nectar or 

secretion of flowers. Honey contains 80-85% carbohydrates, 15-17% water, 0.3% 

proteins, 0.2% ashes, and minor quantities of amino acids and vitamins as well as other 

components in low levels of concentration (Cantarell et al 2008). It is a complex 

mixture and presents very great variations in composition and characteristics due to its 

geographical and botanical origin and its main features depending on the floral origin 

or the nectar utilized by bees (Saxena et al., 2010; Kebede et al., 2012). 

 

Ethiopia is the largest honey producing country in Africa and is one of the top ten 

countries in the world (FAOSTAT, 2012; MOARD, 2007).  Most parts of the Oromia 

National Regional State in general and the central parts of the region in particular are 

known for their production of high quantity honey in Ethiopia (HBRC, 2005; 

MOARD, 2005). The amount of honey produced in the Oromia Region is 111975.58 

quintals from 2204137 numbers of hives that accounts for about 46% of the total honey 

production in the country (MOARD, 2005). Some studies were conducted to assess the 

physicochemical properties of Ethiopian honey for their electrical conductivity, ash 

content, moisture content, pH value and HMF (HBRC, 2005). Nevertheless, there is no 

sufficient work on quality determination as well as effect, extent and materials used for 

adulteration of locally produced natural honey. Among many food items, honey is the 

most susceptible food material for intentional or unintentional adulteration or 

contamination.  The most common adulterant materials mixed with honey are sucrose, 

corn syrup, molasses, banana or other harmless or harmful materials.  Honey 

adulteration is causing severe impact on the domestic and international market 

opportunities of the product and may result in nutritional and health problems on 

consumers (Gary et al., 2000). 

mailto:ambawmulualem@yahoo.com
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Adulteration consists of adding external chemical substance (s) into a food product that 

contains naturally similar substances (Cordella etal., 2003). According to the U.S. 

Food and Drug Administration (FDA) working definition, adulteration of honey is the 

“fraudulent, intentional substitution or addition of a substance for the purpose of 

increasing the apparent volume and value of the product or reducing the cost of its 

production, i.e., for economic gain” (FDA, 2011). Adulterated honey may  also  

contain some  added  substances  injurious  to  health  and  for  whatever reasons  its  

quality  is  below  the  standard. This study was initiated to assess honey quality 

parameters and the perception and knowledge of producers and merchants on 

adulteration of honey and to suggest simple methods of screening adulterated honey 

samples from the pure ones. 

 

Materials and Methods 
 

The study was conducted in Arsi Zone, Southeastern part of Oromia Region. Arsi Zone 

is located 175 km from Adiss Ababa and situated between 6˚45'N to 8˚58‟N latitude 

and 38˚32'E to 40˚50'E longitude. The mean annual temperature of the Zone ranges 

between 20˚C - 25˚C in the low land and 10˚C -15˚C in the central high land 

(OBFEDS, 2012). The study districts and peasant association (PAS) were selected 

purposively according to accessibility and potentiality for beekeeping.  
 

Face to face interview of 52 randomly selected respondents from seven districts were 

conducted using structured questionnaire. Different data like adulteration of honey, 

actors of adulteration, market place, and materials used for adulteration were collected 

during the interview. In addition, airtight 0.5 kg container for laboratory analysis 

collected 48 honey samples (21 from beekeeper and 27 from local market). Forty eight 

(48) fresh honey samples were collected during the major honey flow period (October-

December) and tagged accordingly. 

 

Physicochemical properties 

Physicochemical properties such as moisture content, pH, water insoluble solids, match 

lighting test, water test, thumb test and shelf life test of honey were evaluated 

according to International Honey Commission (Bogdanov, 2009). The physical 

properties of the collected honey samples were analyzed at Kulumsa Agricultural 

Research center, livestock research process in collaboration with food and nutrition 

laboratory. 
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The  moisture  content  of  honey was  estimated  by  determining  the  refractive index 

of the sample with the use of digital refracto-meter (Abe  refract meter) that can be 

thermo stated at 20°C.   

This regularly calibrated with distilled water from the refractive index of  the  honey by 

reference to  a standard  table .The sample was directly smeared on the surface of the 

prism evenly; after two minutes the reading of refractive index were recorded. Each 

sample was measured twice and average of the two readings was recorded to be a 

corresponding value of moisture content. 

 

The pH of honey is defined as the free acidity of honey. The content of all free acids 

were expressed in milli-equivalents/kg. Ten grams of honey sample was weighed and 

dissolved in 75 ml of distilled water in 250 ml beaker. Stirrer stirred the solution, pH 

electrode was immersed in the solution, and pH reading was recorded. 

 

The water insoluble solids were determined by dissolving twenty grams of honey in a 

suitable quantity of distilled water at 80°C and mixed well. The test sample was 

filtered through a previously dried and weighed fine sintered glass crucible and washed 

thoroughly with hot water (80°C) until free from sugar. The crucible was dried for one 

hour at 130°C, cooled and weighed to the nearest 0.1mg. Finally the result was 

expressed as percent water-insoluble solids. 

 

Insoluble solids % by mass = M1-M2/WX100,  

 

Where, M1= Mass of the residue and the crucible, M2 = Mass of the crucible and W = Mass of 

the test portion (20gram) 

 

Organoleptic test 

The color and test of the collected honey samples were identified by physical 

observation of the color, aroma, test and the sweetness. 

  

Ash 

Ash content was determined after the sample was burnt in an electric muffle furnace. 

Certain nitrogen compounds, minerals, vitamins, pigments and aromatic substances 

contribute to the ash content of honey. 

 

Ten grams of honey were weighed and taken in a silica crucible and 3-4 drops of olive 

oil were added to avoid fluttering and kept in muffle furnace at 600 
O
C for 3-4 hours. 

The weight of the ash was determined by deducting the weight of empty crucible from 

the total weight of empty crucible and ash. The percentage of ash was calculated by 

using the following formula. 
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/mx100 

Where, w1= weight of empty dish,   

              w2= weight of ash + weight of dish after ignition 

              m=mass of the honey sample taken for test 

                

Other quick tests used to assess the adulterated honey 

Water test: one tablespoon of honey sample was added into a glass of water and 

observation was made whether the honey was dissolved or settled at the bottom of the 

glass. Pure honey was observed to settle at the bottom of the glass whereas adulterated 

(artificial) honey was observed to dissolve in water immediately after it is added to the 

water. 

 

Light a Fire: when we dip the tip of a matchstick in “honey”, it strikes to light. 

Natural honey lights the match easily and the flame was burnt off the honey. 

Adulterated (artificial) honey gave smokes instead of burning due to its high moisture 

content. 

 

Thumb Test:  Put a drop of the honey on the thumb. If the honey spreads around 

right away or spills, the honey is not pure. If it stays intact, it is pure. 

 

Shelf life test: The collected honey samples were stored properly in air tit container 

for one year and seen to form crystals. 

 

Data analysis  

Data was managed in excel and analyzed in SPSS version16. Descriptive statistics was 

used. 

 

Results and Discussion 
From 52 respondents interviewed, 5.8% were females and 94.2% were males, 

indicating that males mostly practice beekeeping. Men in Ethiopia mostly practice this 

in line with other reports (Adisse and Malede. 2014 andHartman, 2004) which showed 

that beekeeping. The mean of the respondents were 46.79 with the standard deviation 

of 14.80 and ranged from 25-85 years. About 37% of the respondents did not attend 

formal education while the rest 47.37% and 15.78% attended primary and secondary 

schools, respectively. 

 

Assessment of the respondents‟ knowledge and perception on adulteration of honey 

revealed that 86.5% of them know about adulteration and adulterant materials 

commonly used in the study area. Most of them (69.2%) replied that actors of 
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adulteration of honey in the study were retailers and the remaining 30.8% reported that 

beekeepers and wholesalers perform adulteration. Most common adulterant materials 

added to honey in the study areas were ripened banana, sugar, bules juice, coca cola, 

hot water, sweet potato, maize and wheat flower, melted candy and old empty combs 

that is in agreement with the report of Tadesse and Gebregziabher, 2014.   

 
                        Table 1.  Most commonly used adulterant materials in the study districts of Arsi Zone (N=52) 

 

Adulterant n (%) Ways of adulteration Ways of identification District 

Sugar 31 
(59.62) 

Hot water 1lit H20+1kg 
sugar+1/2kg honey  
1:1:0.5 

Sticky by palpation , sweety 
by testing, poor viscosity 
during dropping, low price 

Amigha, Merti, Chole, 
Lodhetosa, Jeju, Aseko, 
Arboye, Robe 

Banana 12 
(23.11) 

Crashed banana +honey 
(1:1) 

Soily by observation and 
palpation  no soft feeling, low 
price ,cast formation 

Robe, Amigha, Merti, 
Chole, Jeju, Aseko 

Maize flower 4 (7.70) Simply mixing with honey 
and hot water 

Observation, testing 
viscosity, oily appearance, 
price 

Merti,lodhetosa,Aseko, 
Amigha 

Wheat flower 2 (3.85) Simply mixing with honey 
and hot water (1:1) 

Observation, testing 
viscosity, oily appearance, 
price 

Chole 

Bules juice 1 (1.92) Buless juice +white honey+ 
empty comb (1:1:0.5 

Testing by tongue, 
inspecting the residue after 
chewing 

Robe 

Empty comb 8 
(15.41) 

Adding the empty comb 
breaking into small pieces 

Observation of old and 
empty comb by necked eyes, 
cheap price 

Robe, Amigha, Aseko 

Molasses 5 (9.62) Mixing with the ratio of 1:1 No specific identification 
methods 

Merti, Chole 

Candy 5 (9.62)  No specific method Chole, Aseko, Amigha 

Sweet potato 4 (7.70) Mixing after roasted by fire By testing Lodhetosa, Jeju 

Potato (white) 1 (1.92) Mixing after roasted by fire By testing Amigha 

Brood comb 2 (3.85) Mixing during harvest Observation Robe 

Pollen 1 (1.92) Mixing during harvest Observation Aseko 

Pulse flower 1 (1.92) Mixing with honey Testing Amigha 

 

Color 

The color of honey is dependent on bee forage (flowering plants), storage length, post-

harvest handling contaminants and adulterant materials. In this study, the sampled 

honey was identified as yellow, yellow brown, and brown based on physical 

observation.  

 

Moisture content 

Moisture content of honey is the quality criterion that determines the capability of 

honey to remain stable and to resist spoilage by yeast fermentation and mold 

formation: the higher the moisture content the higher the probability of spoilage up on 

storage. Lower moisture content (less or equal to 19%) ensures longer shelf life of 

honey, which could be met by most commercial honey producing countries to revise 

codex alementarious commission standards. The mean value of moisture content in this 
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study (20%) was below the national average as reported in previous studies (20.5%: 

Nuru, 1999; and 20.6%: Addis and Malede, 2014). Present and previous studies 

showed honey from Ethiopia has high moisture content compared to others like 

Pakistani, which range between 14.3 and 18.6% (Latif et al., 1956). Ethiopian honey 

quality and standard authority (2005) gave grade from A-C according to the moisture 

content of honey. If the moisture content of honey is from 17.9-19% it is categorized as 

grade A; honey with moisture content from 19.1- 20% as grade B and honey with 

moisture content from 20-21 as grade C. About 31.25% of honey samples collected in 

the present study areas were categorized under grade A (17.9-19% moisture), 16.67% 

under grade B (19.1-20% moisture) and 12.5 % under grade C (20-21% moisture). This 

deviates from the findings of Nure and Admasu (2002), and Tewodros et al (2013) 

where majority of the evaluated honey samples were categorized under grade A.   

 

Out of 48 samples collected, 19 samples failed to meet the established national and 

international standards on moisture content while the rest samples met the standards 

(Table2). The maximum acceptable limit for moisture content of Ethiopian honey is 

21% (Tessega, 2009), while the maximum acceptable moisture content of honey 

reported by the International Honey Commission is 20% (Bogdanov, 2009). The low 

moisture content of the examined honey samples is important and shows better quality. 

Moulds and yeasts cause deterioration of the quality of honey when the moisture 

content is high, especially if it is greater than 19%. In this study the moisture content of 

83.33% of honey samples was above 19%. The high moisture content could be due to 

harvesting of immature honey and harvesting of honey during wet season aggravated 

with poor handling. 
 
Table 2. Mean quality parameters of honey compared to national and international honey commission standards 

Parameter Mean values National standard International 
Honey Commission Standard 

Moisture content (%) 20.43 21 20 

pH value 3.86 - 3.2-4.5 

Ash content (%) 0.18 <0.6 0.25-1.0 

Water insoluble mater g/kg 3.61  <0.1 

Source: Quality and Standards Authority of Ethiopia (2005) 

 

PH of honey samples 

Mostly honey is acidic in nature and has low pH value. The collected honey samples 

had a pH value ranging from 3.39-4.2 with an average of 4.07, which is within the 

acceptable range (between 3.2 and 4.5) set by Bogdanov (2009). The low pH of honey 

inhibits the presence and growth of microorganisms and makes honey compatible with 

many food products in terms of pH and acidity. This parameter is of great importance 

during the extraction and storage of honey as it influences the texture, stability and 

shelf life of honey. The results of this study were comparable with Jose et al. (2009) 
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who have reported the pH value between 3.47 and 4.24, with an average of 3.91. Chala 

et al. (2011) and Addis (2010) also reported pH value ranging from 3.45 to 4.18 (mean 

3.81), and 3.52 to 4.46 (mean 4.02), respectively. 

Ash content 

The ash content of honey samples obtained from the study areas ranged from 0.04-

0.41g with a mean of 0.19. Codex Alimentarius Commission Standards (2001) and 

Ethiopian standards for honey proposed that ash content should not be more than 0.6%.  

These results are in line with previous studies (Nuru, 1999; Adiss and Malede, 2010; 

Chala et al., 2011; Gebregziabher et al, 2013), who reported ash content between 0.17 

and 0.23%. 

 

Water insoluble solids 

Natural and good quality honey is expected to be free of defect and should be clean and 

clear on visual observation. Honey, which has very high pollen content, appears 

cloudy, and the presence of many other contaminations such as particles of wax, dead 

bees, splinters of wood and dust certainly make it unappetizing and unappealing for 

buyers and consumers. Some water insoluble solids in the collected honey samples 

were dead bees, beeswax and pollen, old honeycomb and particle debris, which were 

high in proportion. The water-insoluble solids content of honey samples analyzed in 

the present study ranges from 0.32-0.41g/kg with the mean of 0.36g/kg. This mean 

water insoluble solid obtained from beekeepers were significantly higher (p<0.05) than 

the values recorded in honey purchased from the market. This could be because of 

unhygienic harvesting of un-ripened honey.  Moreover, there might be addition of old 

combs combined with poor post-harvest handling that lead to contamination. The 

maximum acceptable amount of water-insoluble matter in honey is set as 0.1% 

(Adgaba and Admasu, 2002) although Ethiopian Quality standard authority (2005) 

mentioned 0.1% of water-insoluble matter in honey is considered high. Not all samples 

from this study met the international and national standards in terms of water insoluble 

solid contents.  

 

Other quick test used to identify adulteration by physical properties 

The physical  characteristics of pure honey is different from  adulterated honey 

particularly in  color, consistency, water content, ash content, and water insoluble 

materials. The color difference between pure and adulterated honey could be 

distinguished by necked eye.                            

 

Water, thumb, match lighting and shelf life test to identify the status of the collected 

samples in reference to the controls tested all the collected honey samples. A mixture 

of honey with banana shows some fibers and stay in a liquid state for a long time. The 

test result is listed under Table 4. 
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 Table 4. Simple preliminary tests to identify adulterated honey 

 

Test type Honey sample from 
beekeeper 

Purchased Honey Known pure 
honey 

adulterated honey 

Glass filled water 
test 

26.32% settled 24.14% settled 100%settled 100 dissolved 

Thumb test 26.32% intact 21.10% intact 100% intact 100 spread 

Match-lighting 
test 

26.32% give light 24.14% give light 100%  give 
light 

100% smokes 

Shelf life (1year) 36.84% crystallize 31.03% crystallize 100% 
crystalize 

Banana + honey = fibrous liquid 
Sugar + honey= dry 

Coca + honey = pure liquid 

 

Evidence of high moisture content from some of the honey samples could suggest 

harvesting of immature honey or adulteration with water. Such honey samples do not 

comply with the national and international requirements. In addition, water insoluble 

solids of the evaluated honey samples were above the standards set both nationally and 

internationally. Sugar and banana were the most commonly used adulterant materials 

in the study areas. Producers, traders and users try to identify adulterated honey by 

testing, observation and smelling. Intervention is needed on post-harvest handling and 

awareness creation on the effect of adulteration on human health, and on the national 

and international honey markets.   
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Introduction 
 

Currently, researchers and development organizations for beekeeping to produce large 

quantity of quality Honey recommend the use of movable frame and top bar hives. 

These hives are the most popular and extensively used in America, Europe, Asia, 

Australia and Africa. The frame hive dimension that was adopted from other parts of 

the world cannot be successfully used in tropical Africa because honeybees found in 

temperate and sub-tropical regions are larger than the Africanized bee races and it 

require a different bee space, which leads to a different set of frame 

dimensions (Stephen 1990). The "Bee Space" is the gap between combs, combs and 

hive walls in traditional hives and between frames, frame and hive walls in frame 

hives. This bee space is used for worker bees to run through and manipulate their 

duties in the hive properly. If a smaller space is left, the bees will stick the comb 

together, making inspection difficult; if the space left is wider bees will try to build 

another piece of comb in between (Curtis 1982).  

 

Comb spacing is different for various honeybee races depending on the body size of 

the worker honeybees (Crane, 1990).  For most European bees (Apis mellifera races) it 

is about 35mm (ranging from 32 to 38mm), while for most African Apis mellifera races 

it is about 32mm (30 to 34mm).  On the other hand, cell dimension that includes comb 

cell width, length, depth and comb thickness are dictated by the biological nature of the 

bees. According to David (2007), the width of the brood cell of the Northern European 

dark bee Apis mellifera mellifera was in the range of 4.9 to 5.1 mm. Message and 

Goncalves (1985) reported average cell sizes for Africanized and European honey bees 

to be 4.5 to 4.8 and 5.0 to 5.1 mm, respectively. This indicates that using foundation 

sheet of the same size for all honeybee races all over the world could lead the bee 

colonies to modify the cell size while constricting the comb.  

 

The appropriate bee space and comb cell dimensions in the wild nest or traditional 

beehive, the tolerable frame space in modern hives and the casting mould cell sizes 

used  are not well studied in relation to bee space requirement and comb cell dimension 
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of local honey bee races/ecotypes in Ethiopia. In addition, the utilization of modern 

hives and foundation sheet is simply by adoption of European dimensions that is not 

comparable with the size of local bee races/ecotypes leading to different problems 

during hive manipulations. Therefore, the objectives of this study were to determine 

bee spacing and comb cell dimensions in different agro ecologies for local honeybee 

races/ecotypes in traditional hive and recommend appropriate bee space and casting 

mould for honeybee races/ecotypes in the study area. 

 

Materials and Methods 
 

The study areas 

The study conducted in Sheka and Bench-Maji Zones of southwestern Ethiopia (Figure 

2). These areas are endowed with natural tropical rain forests with suitable climates 

that favors high honeybee population and forest beekeeping is widely practiced (Nuru, 

2007). Based on morpho- metric and geographical distribution analysis, honeybees 

from southwest Ethiopia are classified as Apis mellifera scutellata (Amsalu et al., 

2004). In these Zones, bee keeping is an integral part of farming system and majority 

of the households keep honeybees as source of income from honey sell (Nuru, 2007). 

 

District selection 

Out of 13 districts in the two zones (Sheka and Bench Maji) six districts representing 

different agro-ecologies viz: highland (Masha and Anderacha), midland (Sheko and            

SouthBench). 

 

Besides,  lowland (Yeki and Guraferda) were selected using a stratified random 

sampling technique in consultation with the zonal and district Livestock and Fisheries 

Development Office based on their honey production potential and agroecology, 

highland (2300-3200 masl), midland (1500-2300 masl) and lowland (500-1500 masl) 

 

Data collection procedures 

To assess the naturally constructed bee spaces and comb cell dimensions, a total of 60 

traditional beehives (10 hives per district) of strong bee colony with ripe honey and 

brood were purchased from local farmers. Smooth smoke and brush were applied to 

drive the bees out of the hive and all broken and old combs were removed from the 

hive for easy operation. From each hive, 15 bee spaces (i.e. 3 bee spaces between two 

comb from top to bottom and 5 bee spaces per hive) were randomly measured. 

Moreover, 15 honey comb thicknesses (3 thicknesses/comb and 5 comb thickness/hive) 

and 15 brood comb thicknesses (3 thicknesses/comb and 5 comb thickness/hive) and 

15 worker cell depths, 15 cell widths and 15 cell length/hive were measured for each 
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colony at each agro ecology. The measurements were taken in millimeters using digital 

caliper to 0.1mm accuracy. 

 

Statistical analysis  

Data on bee space and comb cell dimension was analyzed using Statistical Analysis 

System (SAS). Mean separation was made using Tukey‟s-test at 5% level of 

significance. For determination of bee spacing, comb thicknesses and cell dimension, 

the following statistical model was used: 

 

Mij = μ + Ai + eij, -   where Mij = Measured parameter, μ= Over all mean, Ai= Effect of 

Agro ecology and eij = random error. 

 

Results and Discussion 
 

The mean values of bee spaces and comb cell dimensions are presented in Table 1. 

Agro ecology had significant effect (P<0.05) on the observed bee space (ranging from 

6.46-10.98 mm with a mean of 8.98 mm) in traditional hives. In agreement to this 

study, Curtis (1982) reported the recommended range of bee spaces to be between 6.5 

to 10 mm.  

 

Abu and G/Selassie (2011) also recommended a bee space ranging between 7 mm and 

10 mm for higher honey production using Langstroth beehives in lowland and highland 

areas of East and West Gojjam zone of Amhara Regional State, Ethiopia. Lower bee 

space was recorded in the highland agro ecology of the present study areas, which 

might be due to the geographic location of the area that is adjacent to Gambela region 

where other bee races (Wayi Gambela) with smaller body size are available. 

 

Similarly, brood comb thickness was affected by agro ecology (P<0.05), while agro 

ecology had no effect on honeycomb thickness (P>0.05) in the current study (Table 1). 

Honeycomb thickness ranged from 24.59- 24.99 mm and was higher than brood comb 

thickness (19.97-22.52 mm). In agreement to this study, David (2007) reported that in 

a strong nectar flow season, honey cells are lengthened resulting in higher thickness of 

finished comb (22 to 24 mm).   Honeycomb cell length was 3.60 mm, ranged from 

3.21-3.87 mm whereas the average brood comb cell length was 3.58 mm, and ranged 

from 3.03-4.25 mm. In contrary to this, Francis (2014) reported relatively smaller 

length of workers cells in which every side of the same cell had a length of 3.0 mm. 

This variation might be due to the body size differences of the bee races that are found 

in different regions and agro ecologies. 
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The width of honeycomb cell was in the range of 5.26-5.90 mm with a mean of 5.48 

mm and that of brood cell was in the range of 4.94-5.22 mm with overall mean of 5.09 

mm.  

 

David (2007) also reported that the width of the brood-cell of the Northern European 

dark bee Apis mellifera mellifera was in the range of 4.9 to 5.1 mm. Other reports 

indicated that the size of standardized and small honeycomb cell were 5.44-5.48 mm 

and 5.04-5.07 mm, respectively (John, 2006). The same author reported that the 

introduction of large commercially produced foundation sheet during the late 1800s to 

the 1920s imposed a major change in cell size. David (2007) reported the  cell size has 

arisen in the range of 5.4-5.5 mm diameter of foundation on sale no longer corresponds 

to the natural size of honey bee comb cells. Agro ecology had significant (P<0.05) 

effect on the width length of both honey and brood cell width (Table 1) indicating that 

honey bees adjust the width of comb cell to overcome environmental challenges 

associated with different agro ecologies. 

  

The depth of honey and brood comb cell were in the range of 11.28-12.69 mm and 

10.28-10.85 mm, respectively. According to David, 2007, the depth of worker cells 

was usually 12.5 mm and that of drone cells was 16-17 mm. The effect of agro ecology 

was significant (P<0.05) on both honey and brood comb cell depth, which might be 

related to the biological behavior of honeybees to adapt to different environmental 

conditions. The correlation between agro ecology and bee space and cell dimension is 

shown in Table 2. The majority of the studied parameters wer significantly and 

positively correlated to agro-ecology except honeycomb thickness. This indicates that 

bee space and comb cell dimension are influenced by agro ecology in which different 

bee races and/or ecotypes develop different bee space and comb cell dimensions to 

adapt to specific environmental conditions. 
 

        Table 1.  Bee space and comb cell dimensions at different agro ecologies (mm, Mean±SE) 

 

Parameter Agro-ecology Mean 

Lowland Midland Highland 

Bee space 9.52±2.63b 10.98±3.06a 6.46±4.35c 8.98±3.34 

Honey comb thickness 24.88±2.79a 24.59±4.19a 24.99±4.15a 24.82±3.71 

Brood comb thickness 22.52±1.81a 21.30±1.08b 19.97±4.67c 21.26±4.52 

Honey comb cell length 3.87±0.59a 3.72±0.45b 3.21±0.22c 3.60±0.42 

Honey comb cell width 5.90±1.64a 5.28±0.71b 5.26±0.24b 5.48±0.86 

Honey comb cell depth 5.90±1.64a 5.28±0.71b 5.26±0.24b 5.48±0.86 

Brood comb cell length 3.46±0.38b 4.25±2.70a 3.03±0.72c 3.58±1.26 

Brood comb cell width 5.22±0.38a 5.12±0.34a 4.94±1.16b 5.09±0.62 

Brood y comb cell depth 10.85±1.02a 10.28±1.20b 10.43±3.01b 10.52±1.74 
abc Means with the same superscript in the same column (a, b, c) are not significantly 

different at P<0.05 
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Table 2.   Correlation between agro ecology and bee space and cell dimensions 

 

Parameter Agro-ecology Parameter Agro-ecology 

Bee space 0.26212* Honey comb cell Depth 0.10861* 

Honey comb thickness -0.01219ns Brood comb cell Length 0.10312* 

Brood comb thickness 0.33346* Brood comb cell Width 0.15464* 

Honey comb cell length 0.51196* Brood y comb cell Depth 0.08827* 

Honey comb cell width 0.24196*   

 

Most of the parameters determined in the study were affected by agro ecology. Bee 

spaces of traditional hives in the study areas were in the range of 6.46-10.98 mm. The 

width of honeycomb cell was in the range of 5.26-5.90 mm with a mean of 5.48 mm 

and that of brood cell was in the range of 4.94-5.22 mm with a mean of 5.09 mm. 

Therefore, the recommended 32 mm center to center frame space in frame hive and the 

adopted casting molds (foundation sheet) are appropriate for honey bee races/ecotypes 

in the study areas. 
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Introduction 
 

Alfalfa (Medicago sativa L.) is often recognized as one of the most important perennial 

forage legumes worldwide and is widely known as the “queen of the forages” due to its 

ability to consistently produce high forage yield and forage quality and adaptability to 

different climatic conditions (Kamalak et al., 2005). Alfalfa is a drought tolerant forage 

crop because it has a deep root system that reaches down to 4 m and to 7-9 m in well-

drained soils. The plant survives long periods of water stress by impeding its vegetative 

growth and accessing water from deep layers through its long root system (Volaire, 

2008). The optimum growing air and soil temperatures for alfalfa are 27°C and 12°C 

respectively, but it is tolerant of air temperatures above and below 27°C (McKenzie et 

al., 1988). This forage legume is also known as an effective source of biological 

nitrogen fixation, an energy-efficient crop to grow and an important source of protein 

yield. The optimum soil pH range for alfalfa is 6.5 to 7.5 and tolerates relative salinity. 

Alfalfa grows best on well-drained, deep soils but it thrives on sandy soils with 

adequate moisture and fertility. Alfalfa does not grow well on soils where root growth 

is limited such as shallow hardpans, high water tables, bedrock or acidic sub soils 

(Lacefield et al., 1987). Poorly drained or waterlogged soils are strongly discouraged 

for alfalfa because root and crown diseases reduce stand longevity under these 

conditions. The crop needs very frequent irrigation during its early growth period at an 

interval of about one week but once the plants are established, subsequent irrigations 

are provided at an interval of 10-15 days during dry season. Alfalfa is one of the few 

cultivated forage crops that can produce high level of biomass with minimum inputs. 

Crop residues, which have low quality need nitrogen supplementation, often provided 

by, forage legumes to become productive diets (Anderson, 1985).  

 

Climate, cultivation practices, feed technologies and genetic variations are the main 

factors affecting the nutritional value of feed for livestock. Forage legumes contribute 

significantly to livestock production in crop livestock systems. Legume forages 

generally lead to higher intakes and animal production than grass silages of comparable 

digestibility (Dewhurst et al., 2003). Alfalfa nutritive value is identified with protein 

content, which depends on the share of leaves in dry matter yield, which in turn is 

positively correlated with protein content. The proportion of leaves and stems in alfalfa 
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hay can vary greatly, depending on maturity at harvest, cultivars, handling and rain 

damage (Katic et al., 2006). Protein content in alfalfa dry matter varies from 18 to 25% 

depending on the growth stage, cultivar difference and other factors. Alfalfa is one of 

the most important forage legumes of the world as major source of protein for livestock 

and it is a basic component in rations for all classes of domestic animals (Barnes et al., 

1988). Where alfalfa can easily be grown, it is regarded as key forage for high-

producing ruminants because; it is rich in protein, palatability, high calcium and 

vitamin content. In many cases, animals feeding on alfalfa do not require supplements. 

Alemayehu (2002) noted that because of its very high feed value, alfalfa should be 

used as a supplement for crop residues and natural hay in mixture of 30 percent alfalfa 

and 70 percent other roughages. Alfalfa produces more protein per hectare than other 

legume and grasses; therefore, it is widely used for hay production and as pasture for 

livestock, especially to ruminants (Monteros and Bouton, 2009). Ruminants fed on 

alfalfa have higher nutrient intake and digestibility than when fed on other forage 

legumes and grasses (Frame, 2005). To improve availability of livestock feed in terms 

of quantity and quality, it is better to cultivate alfalfa forage that have better biomass 

yield and nutritional quality. Therefore, the objective of the present study was to 

evaluate the biomass yield potential and nutritional quality of alfalfa genotypes grown 

at Holetta under supplemental irrigation condition. 

 

Materials and Methods 

 

The test environment 

The experiment was conducted at Holetta Agricultural Research Center (HARC) under 

supplementary irrigation condition. HARC is located at 9°00'N latitude, 38°30'E 

longitude at an altitude of 2400 m above sea level. It is 34 km west of Addis Ababa on 

the road to Ambo and is characterized with the long term (30 years) average annual 

rainfall of 1055.0 mm, average relative humidity of 60.6% and average maximum and 

minimum air temperature of 22.2°c and 6.1°c respectively. The rainfall is bimodal and 

about 70% of the precipitation falls in the period from June to September, while the 

remaining thirty percent falls in the period from March to May (EIAR, 2005). The soil 

type of the area is predominantly red nitosol, which is characterized by an average 

organic matter content of 1.8%, total nitrogen 0.17%, pH 5.24 and available 

phosphorus 4.55ppm (Gemechu, 2007). The farming system of the study area is mixed 

crop livestock production where tef is the main staple crop complemented by other 

cereals such as barley and Wheat. In addition, faba bean, field pea and horticultural 

crops such as potato are the major crops growing in the area. The main feed resources 

in the area are natural pasture, crop residues and cultivated forage crops mainly 
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oats/vetch mixture are grown by some farmers for their crossbred dairy cows (HARC, 

2009).     

 

Experimental design and data collection 

Four alfalfa genotypes, namely, FG10-09(F), FG9-09(F), Magna 801-FG (F), Magna 

788 recent introductions from USA and hairy Peruvian genotype were evaluated for 

five consecutive years of 2010-2015 under supplemental irrigation condition at Holetta 

in the central highland of Ethiopia. The plots were uniformly irrigated at field capacity 

in every 15 days during dry season of the year. The experiment was laid out in RCBD 

design replicated four times. Plot size was 4m x 1.6m= 6.4m
2
 consisted of 8 rows with 

1m inter-plot and inter-block space. The seed of the five alfalfa genotypes were sown 

on well-prepared seedbed in rows spaced 20 cm apart using a seed rate of 20 kg per 

hectare. Diammonium phosphate (DAP) fertilizer was applied at the rate 100 kg per 

hectare at planting. Plots were hand-weeded during the establishment and subsequent 

years. Plant height was measured using a steel tape from the ground level to the highest 

leaf at forage harvesting stage. For plant height determination, mean height of three 

randomly selected plants was recorded for each plot. At full bloom stage, described as 

a stage when open flowers emerge on average of 2 or more nodes and no seed pods 

present (Ball, 1998), six interior rows were clipped at 5cm above the ground level to 

determine the biomass yield. Weight of the total fresh biomass yield was recorded from 

each plot in the field and the estimated 500 g sample was taken from each plot to the 

laboratory. The sample taken from each plot was weighed to know the total sample 

fresh weight using sensitive table balance and oven dried for 24 hours at a temperature 

of 105
o
c for herbage DM yield determination. The herbage sample taken from each 

plot was weighed to know the total sample fresh weight using sensitive table balance 

and manually fractionated in to leaf and stem. The morphological parts were separately 

weighed to know their sample fresh weight, oven dried for 24 hours at a temperature of 

105 
o
c and separately weighed to estimate the proportions of these morphological parts. 

Accordingly, leaves were separated from stems and the leaf to stem ratio (LSR) was 

estimated based on the dry matter basis of each component. Generally, maximum care 

was taken in the experimental plots to reduce the possible yield limiting factors that 

could affect the performance of yield potential of alfalfa genotypes.  

 

Relative feed value 

Relative Feed Value (RFV) is an index used for legumes based on potential intake and 

fiber digestibility (Undersander and Moore, 2002). The index used to rank feeds 

relative to the typical nutritive value of full bloom alfalfa hay, containing 41% ADF 

and 53% NDF on a DM basis, and having a RFV of 100, which is considered a 

standard score. This index is widely used to compare the potential of two or more 

forages based on energy intake (Schroeder, 2013). Accordingly, forages with RFV 
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greater than 100 are considered to have better quality than full bloom alfalfa hay and 

those with RFV lower than 100 are regarded as of lower quality than the same is.  

 

Such a single parameter is considered to be useful practical significance in forage 

pricing and marketing (Uttam et al., 2010 and Schroeder, 2013) and, was calculated as: 

RFV = (DDM %DM) x (DMI % BW) /1.29 (Uttam et al., 2010). Where DDM 

(digestible dry matter) and DMI (dry matter intake potential as % of body weight) were 

calculated from ADF and NDF, respectively as: DDM (% DM) = 88.9 - (0.779 x % 

ADF); DMI (% BW) = 120 / (% NDF). 

 

Chemical analysis and in-vitro organic matter digestibility 

Harvesting for chemical analysis was undertaken as the genotypes reached 50% 

flowering, as recommended for forage harvesting for alfalfa. The fresh weights of the 

samples were recorded, and they were then oven dried at a temperature of 65
o
C for 72 

hours for dry matter determination and laboratory analysis to determine chemical 

composition and in-vitro organic matter digestibility of the genotypes. Analysis was 

made for ash, CP, NDF, ADF, ADL and IVDMD nutritional parameters. Total ash 

content was determined by oven drying the samples at 105
0
C overnight and by 

combusting the samples in a muffle furnace at 550
o
C for 6 hours (AOAC, 1990). 

Nitrogen (N) content was determined following the micro-Kjeldahl digestion, 

distillation and titration procedures (AOAC, 1995) and the crude protein (CP) content 

was estimated by multiplying the N content by 6.25. The structural plant constituents 

(NDF, ADF and ADL) were determined according to Van Soest and Robertson 

procedure (1985). The two stage in-vitro fermentation technique of Tilley and Terry as 

modified by Van Soest and Robertson procedure (1985) was used to determine in-vitro 

organic matter digestibility (IVDMD). Hemicellulose and cellulose contents were 

estimated from subtracting ADF from NDF and ADL from ADF respectively. The CP 

yield in t/ha was calculated by multiplying CP with total dry biomass yield and then 

divided by 100. The digestible yield in t/ha was also determined by multiplying 

IVDMD with total DM yield and then divided by 100.  

 

Statistical analysis 

Differences among genotypes were tested using analysis of variance (ANOVA) 

procedures of SAS general linear model (GLM) to compare treatment means (SAS, 

2002). Least significance difference (LSD) at 5% significance level was used for 

comparison of means. The following model was used for combined analysis: Yijk = µ + 

Gi + Yj + (GY)ij + Bk(j) + eijk;  Where, Yijk = measured response of genotype i in block 

k of year j; µ = grand mean; Ai = effect of genotype i; Yj = effect of year j; GY= 

genotype by year interaction; Bk (j) = effect of block k in year j; eijk = random error 

effect of genotype i in block k of year j. For each year analysis, the model was Yij = µ 
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+ Gi + Bj + eij; Where, Yij = measured response of genotype i in block j; µ = grand 

mean; Ai = effect of genotype i; Bj = effect of block j; eij = random error effect of 

genotype i in block j.   

 

Results and Discussion 

 

Combined analysis of variance 

The combined analysis of variance over years showed significant differences among 

the tested genotypes and years for both measured agronomic traits (Table 1). Mean 

squares of genotypes and years were significantly (P<0.001) different for dry matter 

yield and plant height at forage harvesting stage. However, dry matter yield and plant 

height were not significantly (P>0.05) affected by interaction effects that indicates 

consistency of performance of genotypes over years. This was reflected by no change 

in ranking order of genotypes over years due to relatively uniform growing conditions 

(rainfall, irrigation water, temperature etc.) during the experimental years. The yielding 

ability of genotypes is the result of its interaction with the environment. Environmental 

factors such as soil characteristics, moisture and temperature over years and locations 

have an impact on yield performance. There is strong influence of environmental 

factors during various stages of crop growth (Bull et al., 1992), thus genotypes differ 

widely in their response to environments. Some genotypes exhibit highly specific 

response to a particular environment (soil, rainfall and temperature), others are uniform 

in performance over a range of environments.  When genotypes perform consistently 

across environments, breeders are able to evaluate effectively genotypes with a 

minimum cost in a few environments for ultimate use of the resulting genotypes across 

wider geographic areas (Gemechu, 2012). However, with high genotype by 

environment interaction effects, genotypes selected for superior performance under one 

set of environmental conditions may perform poorly under different environmental 

conditions (Romagosa et al., 1996). Therefore, it could be implicated that selection of 

better performing genotypes at one environment may not enable the identification of 

genotypes that can repeat nearly the same performances at another environments.  

 
   Table 1.  DM yield and plant height performance of alfalfa genotypes tested over years  

 

Traits Mean square Mean 

Genotype Year Genotype x Year 

Dry matter yield (t/ha) *** *** ns 6.46 

Plant height (cm) *** *** ns 59.88 

 

Plant height at forage harvesting stage 

Plant height was not significantly differ (P>0.05) for the first two consecutive years, 

however it showed significant (P<0.05) variations for the remaining three consecutive 
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years and for the overall mean at forage harvesting stage (Table 2). The highest mean 

plant height was recorded in the fourth year while the second year gave the lowest. The 

overall mean plant height ranged from 52.7 to 77.7 cm with a mean of 59.9 cm. Plant 

height was consistently the highest for hairy Peruvian over years. The highest mean 

plant height was recorded for hairy peruvian followed by FG-10-09(F) and Magna 801 

FG(F), while FG-9-09(F) had the lowest plant height. The significant cultivar 

differences for plant height concurs with other reports in the literature (Altinok and 

Karakaya, 2002; Sengul, 2002). In addition to genetic variability, soil fertility and 

environmental conditions could also contribute to the difference in height over years. 

Generally, presence of genetic variation among the tested genotypes, response of 

genotypes to environmental factors and their interactions are the major reason for plant 

height difference in alfalfa. Ullah et al. (2009) also reported variations in plant height 

to be linked to genotypic differences and explained this trait to be influenced by 

differential response of genotypes to prevailing site and crop management conditions. 

The research results indicated that plant height in alfalfa can be influenced by 

application of fertilizers. Research findings of Mohammadjanloo et al. (2009) indicated 

that, variety and the interaction between variety and fertilizer were an important 

agronomic factors influencing plant height in alfalfa. 
    

Table 2.   Plant height (cm) of alfalfa genotypes  

 

Genotype Year Mean 

2010 2011 2012 2013 2014 

FG-10-09(F) 65.40 40.58 62.38ab 81.43ab 50.93b 60.14b 

FG-9-09(F) 49.98 40.43 58.05b 64.00b 51.25b 52.74c 

Magna 801 FG(F) 59.15 41.53 57.45b 64.75b 54.85b 55.55bc 

Magna 788 60.83 41.40 54.98b 63.83b 45.45b 53.30bc 

Hairy peruvian 75.78 55.13 75.28a 95.73a 86.55a 77.69a 

Mean 62.23 43.81 61.63 73.95 57.81 59.88 

SEM 0.75 0.88 0.66 0.80 0.72 0.34 

P-value 0.0755 0.6186 0.0428 0.0145 0.0009 0.0001 

Means followed by a common superscript letters with in a column are not significantly 

different from each other at P<0.05.  

 

Herbage dry matter, crude protein and digestible yields  

Mean values for herbage dry matter (DM) yield of five alfalfa genotypes at forage 

harvesting stage are presented in Table 3. The herbage DM yield showed non-

significant (P>0.05) variation, but the fourth year and the overall mean herbage DM 

were significantly (P<0.05) vary among the alfalfa genotypes. The overall mean DM 

yield ranged from 5.5 to 8.7 with a mean of 6.5 t/ha. The overall mean indicated that 

DM yield was significantly higher (P<0.05) in hairy Peruvian followed by FG-10-09 

(F) whereas the other three genotypes had intermediate values between the two 

genotypes. The significant genotypic differences observed for herbage DM yield of 

alfalfa in this study concurs with reports of other researchers (Monirifar, 2011; Diriba 
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et al., 2014). Significant differences in DM yield were also reported among 16 alfalfa 

cultivars with overall mean of around 12 t/ha (Hayek et al., 2008). Mean DM yield in 

the order of 11 t/ha was reported in a study where three alfalfa cultivars were evaluated 

(Zeinab et al., 2013) indicating the comparatively low herbage yield potential of the 

cultivars evaluated in the present study. Quite the reverse, DM yield values ranging 

from 1.78-3.23 t/ha (Afsharmanesh, 2009) and from 0.67-2.16 t/ha were reported 

(Awad and Bakeri, 2009), which were indeed much lower than those observed in the 

present study. The wide range of herbage DM yield values observed in different 

research findings could be attributed to varietal and environmental differences and 

their interactions. If harvested at the appropriate development stage, alfalfa can provide 

high yields of quality forage for 3 to5 years. If it is harvested at later stages produces 

increased yields of green forage and DM whilst prolonging the productive life of the 

alfalfa forage (Lioveras et al., 1998). Growth stage, cut number, leaf to stem ratio, 

moisture conditions at harvest and processing method are the most important causes of 

variation for yield of alfalfa (Veronesi et al., 2010). Maximum yield on alfalfa is 

achieved at reproductive maturity when the nutritive value of the forage is at a 

minimum (Collins and Fritz, 2003). The CP yield showed non-significant (P>0.05) 

variation while digestible yield showed significant (P<0.05) difference among the 

tested genotypes (Table 4). The CP and digestible yields ranged from 1.23 to 1.74 with 

a mean of 1.39 t/ha and from 4.03 to 6.50 with a mean of 4.84 t/ha respectively. The 

result revealed that hairy Peruvian had the highest CP yield and digestible yield 

followed by FG-10-09 (F) whereas the genotype FG-9-09(F) had the lowest CP and 

digestible yields.   

 
Table 3.  Herbage DM yield (t/ha) of alfalfa genotypes  

 

Genotype Year Mean 

2010 2011 2012 2013 2014 

FG-10-09(F) 4.65 3.54 7.00 10.19b 6.21 6.32b 

FG-9-09(F) 4.60 3.63 6.93 7.48b 4.85 5.50b 

Magna 801 FG(F) 4.98 3.94 7.33 8.68b 6.05 6.20b 

Magna 788 5.29 3.78 6.96 7.01b 4.87 5.58b 

Hairy peruvian 4.75 3.88 9.34 15.52a 10.12 8.72a 

Mean 4.85 3.76 7.51 9.77 6.42 6.46 

SEM 0.22 0.31 0.33 0.41 0.42 0.16 

P-value 0.8414 0.9980 0.4658 0.0263 0.2760 0.0003 

Means followed by a common superscript letters with in a column are 

not significantly different from each other at P<0.05.  

 

Leaf to stem ratio at forage harvesting stage  

The leaf to stem ratio, which ranged from 0.83 to 1.03 with a mean of 0.97, was not 

significantly different (P>0.05) among alfalfa genotypes at forage harvesting stage 

(Table 4). The leaf to stem ratio was highest (P>0.05) for Magna-788 and least for 
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hairy Peruvian but the remaining genotypes having intermediate values between the 

two genotypes. Among the others, hairy Peruvian showed inferior leaf to stem ratio in 

the present study is in agreement with others research findings (Diriba et al., 2014; 

Mekuanint et al., 2015) and this could be attributed to its distinctly higher plant height 

and stem proportion are correlated positively. The non-significant genotype differences 

in leaf to stem ratio at forage harvesting stage observed in the present study is in 

disagreement with other reports (Hayek et al., 2008; Mekuanint et al., 2015), but 

concurs with others research findings (Afsharamanesh, 2009; Diriba et al., 2014). The 

leaves to stem ratio, which varied depending on the number of cuts, harvest cycles and 

harvest stage, is an important quality indicator during evaluation of herbage quality. 

Leaf to stem ratio is an important trait in the selection of appropriate forage cultivar as 

it is strongly related to forage quality (Julier et al., 2000; Sheaffer et al., 2000). The 

proportion of leaves and stems in alfalfa hay can vary greatly, depending on maturity at 

harvest, handling and rain damage. Research results indicated that alfalfa at early bud 

may have 600 g/kg leaves while at early flower, the leaf share declines to 450 g/kg 

(Sheaffer et al., 2000). To value alfalfa hay as a source of leaf protein, accurate 

prediction of the proportion of leaf and stem in the hay is necessary (Halgerson et al., 

2004). Decreasing protein content is a dilution effect related with the decreasing leaf to 

stem ratio; the leaves have stable protein content and their protein level is much higher 

than the protein content in stems. The proportion of leaves at the time of harvest is a 

major factor that determines the quality of the forage (Jung, 2005). Percentage of 

leaves is desirable to be as high as possible, because in the leaves are found a crude 

protein content better than stem (Mihai et al., 2012).  

 

Relative feed value 

The relative feed value (RFV) is an index used for legumes based on potential intake 

and fiber digestibility (Undersander and Moore, 2002). The index is used to price 

forage and to allocate forage to appropriate ruminant livestock performance levels. The 

RFV, which showed non-significant difference (P>0.05), for tested alfalfa genotypes is 

presented in Table 4. The non-significant difference in RFV of alfalfa genotypes in the 

present study was in agreement with (Mekuanint et al., 2015) and in disparity with 

(Diriba et al., 2014). The result showed that the RFV ranged from 122.3 to 143.5 with 

a mean of 134.2. The highest RFV was recorded for Magna 788 followed by FG-9-

09(F) and FG-10-09(F) while the lowest value obtained from hairy Peruvian. The 

lowest RFV recorded for hairy Peruvian in the present study was in agreement with the 

others findings (Diriba et al., 2014; Mekuanint et al., 2015). According to Diriba et al. 

(2014), Magna 788 had the highest RFV which concurs with the present study. On the 

other hand, Magna 801-FG-(F) had the highest RFV according to (Mekuanint et al., 

2015) which was in disparity with the present study. The RFV recorded in the present 

study was much lower than the value revealed by other researchers (Diriba et al., 2014; 
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Mekuanint et al., 2015). Feeds with RFV index higher than 100 are considered to be of 

higher quality compared to full bloom alfalfa hay and those with a value lower than 

100 are of lower value (Dunham, 1998). Other research reports indicated that high 

quality alfalfa contains more than 151% RFV (Redfearn and Zhang, 2011). In the 

current study alfalfa genotypes had a RFV ranging from 122-144 and this was 

apparently above the threshold level of 100 according to the revealed of (Dunham, 

1998) but below the threshold level of 151 reported by other researchers (Redfearn and 

Zhang, 2011). The RFV index observed for alfalfa genotypes was higher than a 

threshold level of 100, apparently indicating the genotypes to have prime quality 

standard, with the highest value being for Magna788. Generally, the RFV index was 

proposed to reflect how well an animal will eat and digest a particular forage species 

when it is fed as the only source of energy (Kazemi et al., 2012).  
 

Table 4. Leaf to stem ratio, CP yield, digestible yield and relative feed value of alfalfa genotypes  

 

Genotype CP yield  

(t/ha) 

Digestible yield 

(t/ha) 

Leaf to stem ratio RFV 

FG-10-09(F) 1.37 4.78b 1.00 134.64 

FG-9-09(F) 1.23 4.03b 1.01 137.62 

Magna 801 FG(F) 1.36 4.70b 1.01 132.91 

Magna 788 1.25 4.22b 1.03 143.54 

Hairy peruvian 1.74 6.50a 0.83 122.32 

Mean 1.39 4.84 0.97 134.20 

SEM 0.13 0.23 0.31 0.79 

P-value 0.3011 0.0440 0.3125 0.2544 

Means followed by a common superscript letters with in a column are not significantly 

different from each other at P<0.05.  

 

Herbage nutritive value at forage harvesting stage 

Herbage quality traits of alfalfa genotypes are presented in Table 5. All the traits 

showed non-significant (P>0.05) difference except in-vitro dry matter digestibility. The 

ash content of alfalfa genotypes ranged from 102.6 to 115.0 with a mean of 110.9 g/kg 

DM. The ash content reported in the present study was higher when compared with 

others research reports (Diriba et al., 2014; Mekuanint et al., 2015). The ash content 

was highest for Magna 801-FG (F) followed by FG10-09(F) and Magna-788 and was 

least for hairy Peruvian. The lowest ash content in hairy Peruvian in the present study 

was in agreement with other findings (Diriba et al., 2014). The mineral content is 

affected by the stage of maturity and the leaf to stem ratio, since alfalfa leaves contain 

more P, Ca, Mg, Cu, Zn, Fe and Mn while stems contain more K (Markovic et al., 

2009). Since the concentration of minerals in forages are affected by stage of maturity, 

climatic and seasonal changes (Minson, 1990), regular analysis has been recommended 

for formulating appropriate mineral supplementation schedules (Spears, 1994). Other 

studies also indicated that concentration of minerals in forage varies due to factors like 

plant developmental stage, morphological fractions, climatic conditions, soil 
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characteristics and fertilization regime (Jukenvicius and Sabiene, 2007). Differences in 

both proportion and composition of the different morphological fractions could explain 

varietal differences in ash content. Alfalfa is a highly valued animal feed. It is a rich 

source of proteins, fibers, minerals and vitamins used in the diet of livestock, especially 

ruminants. The content of minerals in alfalfa fully meets the livestock requirements 

while the content of fats is low (averaging 3.8 g/kg), and it varies slightly among 

cultivars (Katić et al., 2009). 

 

The CP content of alfalfa genotypes ranged from 199.2 to 226.3 g/kg DM with a mean 

of 216.6 g/kg DM. The non-significant CP content in the present study was in 

agreement with (Mekuanint et al., 2015) and in disparity with (Diriba et al., 2014). The 

CP content reported in the present study was higher when compared with others 

research findings (Diriba et al., 2014; Mekuanint et al., 2015). The highest CP content 

was recorded for Magna 788 followed by FG-9-09(F), Magna 801 FG(F), FG-10-09(F) 

while the lowest value was recorded for hairy peruvian and the same order was also 

reported for these genotypes (Diriba et al., 2014).  High quality alfalfa was reported to 

contain >19% CP (Redfearn and Zhang, 2011). On the other hand, alfalfa forage 

quality values at full bloom stage contain CP >16% (Dunham, 1998). In this study, all 

tested alfalfa genotypes had CP content greater than the threshold value >19% 

indicated by other researchers (Redfearn and Zhang, 2011). Alfalfa nutritive value is 

identified with protein content that depends on the share of leaves in dry matter yield 

that in its turn is positively correlated with protein content (Julier et al., 2001; Katic et 

al., 2005). Protein content in alfalfa dry matter varies from18 to 25% depending on the 

growth stage, cultivar and storage method (Katic et al., 2006). Harvesting at earlier 

development stages produces more crude protein and less crude cellulose (Katic et al., 

2003). A wider range of values observed in the literature for CP and fiber fractions of 

alfalfa can be attributed to various factors such as cultivar, climatic and agronomic 

management practices and/or their interactions (Diriba et al., 2014). The result showed 

that alfalfa produces more protein per hectare than other legume and grasses; therefore, 

it is widely used for hay production and as pasture for livestock, especially to 

ruminants. Indeed, all the genotypes had CP values of above 15%, a level suggested for 

a protein source supplement to be considered optimal to support lactation and growth 

in dairy cattle (Nsahlai et al., 1996). 

  

The IVDMD, which ranged from 734.8 to 757.7 g/kg DM with a mean of 750.2 g/kg 

DM, of the five alfalfa genotypes is presented in Table 5. The result revealed that the 

highest IVDMD value was recorded for Magna 801 FG (F) followed by Magna 788 

and FG-10-09(F) while FG-9-09(F) had the lowest value. The highest and lowest 

values recorded for Magna 801 FG(F) and FG-9-09(F) respectively, in the present 

study were in agreement with other finding (Mekuanint et al., 2015). The significant 
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difference (P<0.05) among the tested genotypes was in agreement with (Diriba et al., 

2014) and in disparity with others finding (Mekuanint et al., 2015). Volenec and 

Cherney (1990) reported significant differences in IVDMD among alfalfa cultivars and 

these differences were indicated to be associated with variation in digestibility of the 

stem fraction (Tremblay et al., 2002). A significant difference among 14 alfalfa 

varieties was also reported for IVDMD, with values ranging from 59 to 66% (Kamalak 

et al., 2005), which indeed were much lower than those recorded in the present work 

were. Previous research has demonstrated variability among alfalfa germplasm for 

ruminal degradation of total crude protein (Tremblay et al., 2003). Digestibility of 

alfalfa organic matter depends on the contents of cellulose and lignin. As lignin is 

virtually indigestible, intensive lignifications of cell wall in late stages of alfalfa, 

development tends to reduce the coefficient of digestibility. Organic matter 

digestibility ranges from 55% to 77% and depends on growth stage, leaf to stem ratio, 

cutting frequency, harvesting conditions and processing (INRA, 2007). Digestibility of 

alfalfa decrease with maturity because of increased concentration of cell wall material 

in stems decreased stem digestibility and decreased leaf weight ratio. Soil fertility, 

cultivar, climatic conditions, harvesting stage and preservation method are some of the 

factors affecting alfalfa hay quality.  

 

The non-significant (P>0.05) differences for NDF and ADF contents of alfalfa 

genotypes are indicated in Table 5. Mekuanint et al., (2015) also reported non-

significant differences for NDF and ADF contents of alfalfa cultivars. The result 

revealed that the highest NDF and ADF contents recorded for hairy Peruvian, 

indicating low quality alfalfa genotype when compared with others. Diriba et al., 

(2014) also reported that hairy Peruvian had the highest NDF and ADF contents when 

compared with others alfalfa cultivars. High quality alfalfa was reported to contain 

NDF <400 g/kg DM and ADF <310 g/kg DM (Ball et al., 1997; Redfearn and Zhang, 

2011; Kazemi et al., 2012). On the other hand, alfalfa forage quality values at full 

bloom stage contain NDF <530 g/kg DM and ADF <410 g/kg DM reported as better 

quality (Dunham, 1998). The NDF content of all the genotypes was below the critical 

level (530 g/kg DM) reported in alfalfa (Dunham, 1998) could indicate that it has 

better digestibility. However, the NDF values reported in the present study was much 

higher than the threshold level (<400 g/kg DM) reported for high quality alfalfa in 

literature (Ball et al., 1997; Redfearn and Zhang, 2011; Kazemi et al., 2012). The ADF 

values reported in the present study was lower than the threshold level (<410 g/kg DM) 

reported (Dunham, 1998) but much higher than threshold level (<310 g/kg DM) 

reported in the literature (Ball et al., 1997; Redfearn and Zhang, 2011; Kazemi et al., 

2012). Significant differences were registered in the contents of ADF and NDF that 

were caused by genetic factors (Katić et al., 2008). Furthermore, Sheaffer et al. (1998) 

obtained significant differences in the contents of NDF and ADF between low, 
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medium and high quality alfalfa cultivars. In general, a wider range of values observed 

for fiber fractions of alfalfa in the literature can be attributed to factors such as cultivar, 

climatic factors and agronomic management practices or their interactions. 
 

 

       Table 5.   Mean chemical composition and in-vitro dry matter digestibility of alfalfa genotypes  

 

Genotype g/kg DM 

Ash CP IVDMD NDF ADF ADL HECLL CELL 

FG-10-09(F) 114.4 215.8 756.3a 433.7 335.4 97.9 98.3 237.5 

FG-9-09(F) 109.4 221.6 734.8b 416.9 351.7 86.1 65.2 265.7 

Magna 801 FG(F) 115.0 220.1 757.7a 440.3 335.8 98.5 104.5 237.3 

Magna 788 113.2 226.3 757.0a 417.3 319.9 92.1 97.5 229.4 

Hairy peruvian 102.6 199.2 745.3ab 454.6 376.6 103.7 78.0 279.0 

Mean 110.9 216.6 750.2 432.6 343.9 95.6 88.7 248.6 

SEM 0.19 0.34 0.22 0.37 0.37 0.26 0.33 0.36 

P-value 0.1377 0.5522 0.0230 0.3243 0.1117 0.4501 0.1307 0.1298 

Means followed by a common superscript letters with in a column are not significantly different from each 

other at P<0.05.  

 

The ADL content showed non-significant (P>0.05) difference among the tested alfalfa 

genotypes and this also reported by other researchers (Diriba et al., 2014; Mekuanint et 

al., 2015). The ADL content ranged from 86.1 to 103.7 g/kg DM with a mean of 95.6 

g/kg DM. The highest ADL content was recorded for hairy Peruvian, indicating low 

quality when compared with the others genotypes. The lignin component contributes 

erectivety, strength and resistance to plant tissue, thereby limiting the ability of rumen 

microbes to digest cell wall polysaccharides, cellulose and hemicelluloses (Reed et al., 

1988). Hence, alfalfa genotypes with lower lignin content should have better 

digestibility. High lignin content in alfalfa plants increases their resistance to lodging; 

however, lignin is a major factor that limits cell wall digestibility because it inhibits the 

digestibility of polysaccharides (Katic et al., 2008). The hemicelluloses and cellulose 

contents in the present study were non-significant (P>0.05) and this was in agreement 

with other researchers (Mekuanint et al., 2015). The hemicelluloses content of alfalfa 

genotypes ranged from 65.2 g/kg DM in FG-9-09(F) to 104.5 g/kg DM in Magna 801 

FG (F) with a mean of 88.7 g/kg DM. On the other hand, the cellulose content ranged 

from 229.4 g/kg DM in Magna 788 to 279.0 g/kg DM in hairy Peruvian with a mean of 

248.6 g/kg DM. The structural polysaccharides composed primarily of cellulose and 

hemicelluloses are primary restrictive determinants of nutrient intake and digestibility. 

The higher hemicelluloses content in the feed limits forage intake and digestibility 

(Lundvall et al., 1994; Wolf et al., 1993). 
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Conclusion 
 

The tested five alfalfa genotypes varied in plant height, DM yield, CP and digestible 

yields, leaf to stem ratio and RFV. The result revealed that the highest mean plant 

height was recorded for hairy Peruvian followed by FG-10-09(F) and Magna 801 FG 

(F), while FG-9-09(F) had the lowest plant height. The overall mean indicated that DM 

yield was higher in hairy Peruvian followed by FG-10-09(F) whereas the other three 

genotypes had intermediate values between the two genotypes. Hairy Peruvian had the 

highest CP yield and digestible yield followed by FG-10-09(F) whereas the genotype 

FG-9-09(F) had the lowest CP and digestible yields. The leaf to stem ratio was highest 

for Magna-788 and least for hairy Peruvian but the remaining genotypes having 

intermediate values between the two genotypes. The highest RFV was recorded for 

Magna 788 followed by FG-9-09(F) and FG-10-09(F) while the lowest value obtained 

from hairy Peruvian. The herbage quality traits also varied among the tested alfalfa 

genotypes. The result showed that the ash content was highest for Magna 801-FG (F) 

followed by FG10-09(F) and Magna-788 and lowest for hairy Peruvian. The highest 

CP content was recorded for Magna 788 followed by FG-9-09(F), Magna 801 FG (F), 

FG-10-09(F) while the lowest value was recorded for hairy peruvian. The result 

revealed that the highest IVDMD value was recorded for Magna 801 FG (F) followed 

by Magna 788 and FG-10-09(F) while FG-9-09(F) had the lowest value. The highest 

NDF and ADF contents recorded for hairy Peruvian, indicating it had low quality when 

compared with others. The highest ADL content was also recorded for hairy Peruvian, 

indicating low quality when compared with the others genotypes. Generally, hairy 

Peruvian had the highest mean plant height, mean DM yield, CP and digestible yields 

and fiber contents (NDF, ADF and ADL). On the other hand, the lowest leaf to stem 

ratio, RFV, ash content and CP content were recorded for hairy Peruvian when 

compared with others genotypes.     
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Introduction  
 

Feed is one of the major factors limiting livestock productivity in Ethiopia. Some feed 

related constraints include shrinking area of grazing lands, overstocking, seasonal 

variation in availability of roughage feeds, poor nutritional quality, use of crop residues 

for other purposes, less availability and high cost of feeds, less adoption of improved 

forages, silage making, haymaking and urea treatment at smallholder farmer level 

(Alemayehu, 2012). 

  

Increasing human population and declining land productivity result in increasing 

demand for arable land for crop production at the expense of land available for grazing 

and fodder production. At the same time, livestock number is also increasing to meet 

high demand of draft power for crop production. These conflicting developments 

placed an unsustainable demand on land resources, leading to transport of nutrients 

away from fields in the form of grain, crop residues and dung for fuel. On the other 

hand, increased intensity of crop agriculture results in increased crop by-products 

providing a valuable animal feed if supplemented with protein from improved forages 

(Alemayehu, 2002). 

 

Thus, to sustain livestock and crop production in the country, both enterprises should 

be intensified. Feeding systems should be intensive with due attention to cut-and –

carry system while decreasing livestock populations focusing on few productive 

animals.  To sustain this feeding strategy, improved forages should be widely adopted. 

Improved forages have comparative advantages over indigenous forage species in 

terms of quality and quantity. Moreover, improved forages like tree legumes possess 

multiple functions like improving soil fertility, fence and fuel wood supply. 

 

Improved forage species were introduced to farmers in different agro-ecologies of 

Ethiopia since 1970 to supplement the roughage feed resources (EARO, 2002). 

Various research institutions, universities, non-governmental organizations and 

ministry of Agriculture have been involved in introduction and popularization of these 

technologies. However, few adoption studies have been done in some parts of the 
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country to identify factors that affect the adoption of these technologies (Gebremedin 

et al., 2003; Hassen, 2014). 

 

In Benishangulgumuz Regional State, crop-livestock integrated agriculture is the basis 

for livelihoods. Two farming systems are practiced in the region, namely shifting 

cultivation and permanent farming system. The former is an agricultural system where 

plots are cultivated temporarily and then abandoned. Improved forage species 

including elephant grass, oats, Rhodes grass, pigeon pea and sesbania were introduced 

to the region by Assosa Agricultural Research Center for the last decade. However, 

diffusion of these technologies among smallholder farmers seems below the 

expectation. Moreover, factors that limited adoption of forage technologies by 

smallholder farmers in the area were not known. Thus, the objective of this study was 

to examine the various factors limiting adoption of improved forage technologies and 

suggest proper intervention options to improve adoption in Benishangulgumuz.  

 

Materials and Methods 

 

Study area 

The study was conducted in two districts of Assosa zone (Assosa and Bambasi). 

Assosa is located approximately 680 km west of Addis Ababa. The average annual 

rainfall is 1316 mm with uni-modal distribution (occurring during April to October). 

Its mean annual temperature ranges between 16.75 and 27.9
0
C (AMS, 2013). Shifting 

cultivation (SC) and permanent farming system (PFS) are the two important farming 

systems practiced in the zone. Shifting cultivation is mainly practiced by Berta ethnic 

group whereas PFS is practiced by settlers. Major crops grown in the zone include 

sorghum, maize, finger millet, soybean and groundnut. Goats, cattle, chicken and 

donkeys in that order of importance are the major livestock species raised in the zone 

(AsARC, 2006). 

 

Sample size and sampling procedure 

Assosa and Bambasi districts were purposively selected based on their experience in 

introduction and popularization of improved forage technologies. A two stage random 

sampling technique was used for selection of the sample respondents. First, four-

peasant association (PAs) from Assosa and five PAs from Bambasi district were 

selected.  Then, 120 farm household heads (68 non-adopters and 52 adopters) were 

randomly selected from the nine PAs using probability proportional to sample size-

sampling technique.    
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Sources and methods of data collection  

A structured questionnaire was developed and pre-tested prior to execution of the 

actual survey. Then, it was refined based on the test.  Researchers and technical 

assistants of livestock research division of Assosa Agricultural Research Center did 

collection of primary data. The secondary data were collected from literature, various 

levels of agricultural and rural development offices and Central Statistics Agency 

(CSA). 

  

Econometric specification of the adoption model 

The decision to use a new technology, method and practice by a firm, a farmer or 

consumer is referred to as adoption (Hassen, 2014). According to the same author, 

adoption can be at a farm level or aggregate. A farm level adoption reflects a farmer‟s 

decision to incorporate a new technology in to the production process whereas; 

aggregate adoption is the process of spreading or diffusion of new technology within a 

region or population. This study was dealt with individual farmers i.e., a farm level 

adoption. 

  

To examine the association between adoption (dependent variable) and independent 

variables, the status of adoption is treated as dichotomous dependent variable (Y=1, if 

the household is adopter of improved forage varieties, Y=0 if the household is non-

adopter). In conventional linear regression, zero values are excluded from estimate of 

variable in the regression equation. Since zero values are important data points, an 

alternative model i.e., probability model was used. Adoption in this case, is therefore, a 

non-continuous dependent variable that does not satisfy the key assumption in the 

linear regression model. 

 

In studies involving qualitative factors, usually a choice has to be made between logit 

and probit model. According to Amamia (1981), the statistical similarities between the 

two models make the choice difficult. However, Kementa (1986) and Madala (1989) 

reported that many authors tend to agree on logit model since it has slightly heavier 

tails than the cumulative normal function, but cumulative normal functions are very 

close to the mid-range. It is also argued that logit and probit formulations are quite 

comparable, the main difference being that the former has slightly fatter tail; that is, the 

logistic curve approaches the axes slower than the probit curve (Gujarati, 2003). 

  

Hosmer and Lemshew (1989) also pointed out that logistic distribution has an 

advantage over the other in the analysis of dichotomous variables in that it is an 

extremely flexible and easily usable model from mathematical point of view and result 
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in meaningful interpretation. Gujarati (2003) also indicated that logit model has an 

advantage over the probit model in that it transforms the problem of predicting 

probabilities within (0, 1) interval to the problem predicting the odds of an event 

occurring within the real line. 

 

In view of this, the logit model was used for this study since it represents a close 

approximation to the cumulative normal distribution and easy to work with. The 

cumulative logistic probability model is econometrically specified as follows (Pindyek 

and Rubinfed, 1981). 
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Gujarati (2003) showed that logistic model could be written in terms of the odds and 

log of odds, which enable one to understand the interpretation of the coefficients. The 

odds ratio is the ratio of the probability that an individual or household would be 

adopter ( ) to the probability of a household being non-adopter (1 – pi). 
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Taking the natural logarithm  
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If the disturbance term Ui is taken in to account, the logit model becomes:  
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The limitation of the logit regression model is that it does not indicate the 

magnitude/intensity of adoption, but only indicates the sign i.e., positive or negative 

relationship between adoption and other explanatory variables of a household. The 
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potential explanatory variables that are expected to influence the adoption with 

expected sign are shown in Table 1.  
 

Table 1.  Variables used in the logit model 

 

Variable Measurement Expected sign 

Age of household head years -/+ 

Adult family size Number + 

Land allocated for crop production Hectare - 

Number of cows owned (TLU) Number + 

Number of Oxen owned (TLU) Number + 

Number of equines owned Number +/- 

Inorganic fertilizers Kg per year + 

Access to off farm income Yes/No - 

Access to extension services Yes/No + 

Number of trainings attended Number + 

Number of contacts with development agents in month Number + 

Round trip distance to nearest livestock market Walking minutes - 

Round trip distance to development agents office Walking minutes - 

Round trip distance to credit service office Walking minutes - 

 

Results and Discussions 
 

Descriptive statistics of continuous and discrete variables used in the econometric 

model is presented in Table 2. The results showed that adopters are slightly younger, 

own more resources and have better access to institutional services than non-adopters 

have. 

 
   Table 2.  Descriptive statistics of variables used in the model 

 

 Variables Adopter 
(N=52) 

Non-adopter 
(N=68) 

t 

Continuous Mean Mean  

Age of household head 43.93 45.565 0.806 

Adult Family size 4.71 3.76 -2.758*** 

Number of cows owned 2.85 2.34 -1.186 

Number of oxen owned 1.67 1.40 -1.026 

Number of equines owned 0.40 0.50 0.644 

Land allocated for crop production (ha) 1.39 1.22 -0.933 

Inorganic fertilizer (kg/year) 31.5 16.1 -2.491** 

Number of trainings attended 1.33 0.32 -5.885*** 

Number of contacts with development agents (per month) 18.87 10.37 -3.601*** 

Round trip distance to nearest livestock market (minutes) 287.31 261.76 -1.424 

Round trip distance to development agents office (minutes) 8.62 11.15 1.587 

Discrete Yes No Yes No X2 

Access to off farm income 7 45 11 57 0.170 

Access to extension services 50 2 38 30 24.437*** 

Access to credit service 41 11 38 30 6.908*** 

*,** and *** indicate significance at 10%, 5% and1%levels, respectively 
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Econometric model output 

 

Logit model 

The chi-square (χ2) distribution is used as the measure of overall significance of a 

model in logit model estimation. The result of the logit model shows that, the 

probability of the chi-square distributions (74.33) with 14 degree of freedom less than 

the tabulated counterfactual is 0.0000, which is less than 1%. The model had a log 

likelihood of -44.94. So, this shows that, the variables included in explaining adoption 

status fit to the logit model at less than 1% probability level. This implies that the joint 

null hypotheses of coefficients of all explanatory variables included in the model were 

zero and should be rejected. Another measure of goodness of fit used in logistic 

regression analysis is prediction success, which indicates the number of sample 

observations correctly predicted by the model. Predicted success is based on the 

principle that if the estimated probability level of the event is less than 0.5, the event 

will not occur and if it is greater than 0.5 the event will occur (Maddala, 1989). 

 

In this study, i
th
 observation was grouped as non-adopter household if the computed 

probability being adopter of forage varieties was greater than or equal to 0.5 and as 

adopter otherwise. It is clear from the result that the fitted model correctly predicted 

82.5 percent of the observed values. Thus, the model fits the data. The Pearson chi-

square test showed the overall goodness of fit of the model at less than 1 percent 

probability level. Therefore, it is possible to interpret meaningfully the model results. 

  

In general, the result presented in Table 3 shows that the data fits the model very well. 

Moreover, we attempted to include all theoretically important factors in the estimated 

model. Out of these variables, those found to have weak influence on participation in 

improved forage varieties adoption were excluded from further consideration and the 

variables considered in the model are discussed below. 

 

From the estimated logistic regression model, seven variables were found to be the 

most important factors influencing adoption (p<0.1). These variables include round trip 

distance to development agents (DAs) office, access to extension services, training, 

cash income, adult male, inorganic fertilizer used and equine ownership. The rest seven 

of the 14 explanatory variables were found to have no significant influence on adoption 

of improved forages by the households (Table 3).  
 

Distance of farmers‟ home from DAs office had a negative and significant effect on 

adoption of improved forage technologies (P<0.1).  The model estimate showed that, 

with other factors remaining constant, the odds ratio in favor of forage adoption 

increases by a factor of 0.93 as farm households‟ round trip distance to DA office 
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decreases by two minutes. The marginal effect reveals that two minute decrease to the 

DA office would increase probability of participating in improved forage adoption by 

1.7 percent. Hence, farmers nearest to DAs office get forage seeds, information on 

improved practices and other extension services both adequately and timely. 
 

                      

  Table 3. Determinants of improved forage adoption 

 

Variables Robust Odds ratio Marginal effect SE 

Coefficients SE dF/dX 

Round trip distance to livestock market 0.004 0.003 1.00 0.001 0.0007 

Round trip distance to Development Agents Office -0.072* 0.04 0.93 -0.017 0.009 

Off farm income -0.87 0.82 0.42 -0.187 0.155 

Extension service 2.25** 0.98 9.51 0.428 0.12 

Access to credit -0.58 0.70 0.56 -014 0.159 

Number of trainings attended 1.63*** 0.45 5.11 0.388 0.11 

Cash income  (‘000) 0.122* 0.06 1.00 0.029 0.02 

Number of adult male 0.45* 0.26 1.57 0.105 0.05 

Age of household head 0.02 0.03 0.98 -0.004 0.005 

Inorganic fertilizers used per year 0.02* 0.01 1.02 0.005 0.002 

Land used for crop production -0.18 0.38 0.83 -0.04 0.09 

Number of oxen -0.20 0.26 0.81 -0.048 0.052 

Number of equines -0.65* 0.38 0.52 -0.155 0.091 

Number of  local cows 0.03 0.29 1.04 0.01 0.06 

Constant -4.12 1.80 0.02   

Observations 120     

Log likelihood -44.94     

LR chi2 (14) 74.33     

Pseudo R2 0.4526     

Prob>chi2 0.0000     

*** p<0.01, ** p<.05, * p<0.1 

 

As expected, the logistic model revealed that access to extension service is related 

positively with forage technology adoption (P<0.05). The positive relationship 

indicates that access to extension service increases adoption among households. This 

indicates that agricultural extension services are the major sources of information to 

farmers to be familiar with forage technologies. The result is consistent with the 

findings of Hassen (2014). The model estimate showed that, with other factors 

remaining constant, the odds ratio in favor of forage adoption increases by a factor of 

9.5 as farm households got access to extension services. The marginal effect of this 

variable indicated that if the household get access to extension services, the probability 

of adoption of improved forage varieties increases by 42.8 percent. 

  

Similarly, access to training had highly significant and positive relationship with forage 

adoption (P<0.01).The positive relationship indicates that access to training increases 

adoption among households. This implies that building capacity of farmers regarding 

newly released and adapted forage varieties would improve information about the 

technologies and thus enhance adoption. The model estimate showed that, with other 

factors remaining constant, the odds ratio in favor of forage adoption increases by a 
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factor of 9.5 when farm households get training on forage production and management. 

The marginal effect of this variable indicated that if the household get access to 

training, the probability of adoption of improved forage varieties increases by 38.8 

percent. 

 

Income of the households had a positive relationship with forage adoption. The result 

of the logit model indicated that sample households with high cash income had high 

probability of being adopter (P<0.1). The possible reason is that households with more 

cash can buy food from market and this enables them to substitute land allocated for 

food crops to forage crops. The odds ratio implies that the probability of being adopter 

increases by a factor of 1 as cash income increases by Birr one thousand. The marginal 

effect indicated that an increase in cash income by 1000 Birr would enhance the 

probability of forage adoption by 2.9 percent. 

 

The households‟ adult male members‟ size was significant and positively related with 

adoption status (P<0.1). The positive relationship indicates that the odds ratio in favor 

of the probability of being adopter increases with an increase in adult male numbers in 

the family.  The odds ratio 1.57 implies that, with other factors kept constant, the odds 

in favor of being adopter increases by a factor of 1.57 as the size of adult male family 

members increase by one. The logistic model result revealed that households with large 

adult male family members tend to be more adopter households with small adult male 

family members. The possible reason for this finding is that improved practices are 

labor intensive and hence households with more family labour tend to adopt forage 

technologies better than thouseholds with less family labour. This finding is in 

agreement with other similar studies (Gebremedin et al., 2003; Hailu, 2008; Hassen, 

2014).The marginal effect of adult male family size indicates that the probability of 

being adopter will increase approximately by 10.5 percent with one additional adult 

male family member. 

 

Inorganic fertilizer application may directly or indirectly affect adoption of forage 

technologies. This variable was hypothesized to influence adoption positively, and it 

has been found to be positively related to adoption (P<0.1). This indicates that crop 

intensification encourages adoption by freeing land for forage production. The odds 

ratio indicated that, with other factors kept constant, the probability of adoption by the 

household will increase by a factor of 1.02 if the level of inorganic fertilizer 

application increases by one quintal per annum. The marginal effect revealed that the 

probability of adoption by the household will increase by 0.5 percent if the household 

increases the amount of fertilizer used by one quintal annually. 
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Equine holding has been found to be negatively related to the probability of adoption 

of improved forage technology in the study areas (P<0.1). The probable reason for this 

is that households with more number of donkeys will be engaged in off-farm activities 

and will have less time to cultivate forages. The odds ratio revealed that, with other 

factors kept constant, the probability of the household to adopt improved forage 

varieties is reduced by a factor 0.52 as donkey ownership increases by one head. The 

marginal effect of this variable suggested that if donkeys increase by one head, the 

probability of the household to adopt forage will decrease by 15.5 percent. 

 

Conclusions and Iimplications 
 

Better access to extension services influenced forage adoption positively. This implies 

that improving extension services in rural areas will promote adoption of new 

technologies. The negative effect of distance to DA office from farmers home implies 

that farmers contact with extension workers has an important influence on adoption of 

forage technologies. Thus, while introducing new technologies, accessibility of 

farmers‟ house to extension workers should be considered. Training had also a positive 

influence on forage adoption and thus, programs to promote the adoption of forage 

species should emphasize on importance of educating farmers on the benefits of the 

technologies. Farmers with better income tended to adopt improved forages 

technologies. Thus, access to sources of capital like credit will help to promote 

adoption of new technologies. 

  

The availability of active family labor had a significant effect on forage adoption. This 

implies that knowing household labor profile is important prior to introduction of new 

technologies. Households using more fertilizers tended to adopt forage technologies 

better than others did. This shows that intensification of crop production would enable 

farmers to allocate some plot of land for forage production. 
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Introduction 
 

In Ethiopia, the sources of feeds are residues of different crops such as Wheat, Barely, 

Maize, Teff, Lentil and Checkpea, which are fibrous, with a high content of lignin and 

low nutritive value (McDonald et al., 2002). Their high fiber content restricts their use 

as feed for ruminants. In addition to this, most dry forages and roughages have a crude 

protein (CP) content of less than 7% and these do not satisfy the requirements of rumen 

microorganisms (Van Soest, 1994). When fed alone, such feeds are unable to provide 

even the maintenance requirement of livestock (ILRI, 1999). Therefore, inadequate 

nutrition is among the major constraints to limit sustainable livestock production in 

Ethiopia and the rest of Sub-Saharan Africa (Alemayehu, 1997).   

 

Dietary nutrients, especially energy and protein are the major factors affecting 

productivity of sheep. The lowest energy density at which the sheep does not lose 

weight is between 8 and 10 m etabolisable energy MJ/kg DM and the minimum protein 

level required for maintenance is about 80 g/kgDM (Minson, 1990; Gatenby, 2002). 

However, the most productive animals such as rapidly growing lambs and lactating 

ewes need about 110 g/kgDM (Minson, 1990; Gatenby, 2002). These energy and 

protein levels are considerably higher than the average values found in natural pastures 

and crop residues (CTA, 1991). Mtenga and Nyaky (1985) reported that animal 

performance can be improved by supplementation of protein sources. 

 

Several complementary and alternative strategies can be pursued in tropical regions 

with the objective of making low quality feeds more useful for production of meat and 

milk. Concentrate feed supplementation is one strategy, which can increase 

digestibility, nutrient supply and intake (Preston and Leng, 1987). Moreover, 

maximization of livestock productivity in the tropical regions largely depends on the 

efficiency of utilization of local protein sources (Seyoum et al., 1996), such as 

leguminous forage (Poppi and McLennan 1995). 
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Forage legumes offer several advantages to tropical farming systems. First, leguminous 

cover reduces soil erosion and runoff, conserve soil, improve organic matter content 

and compete with weeds (Humphreys, 1995; Schaaffhausen, 1963). Second, the 

legume-rhizobial symbiosis provides farmers with an inexpensive source of N whose 

production is environmentally "clean". As a consequence of different biochemical 

pathways of carbon fixation during photosynthesis, N fixing legumes have higher 

concentrations of cellular protein than tropical grasses (Bjorkman et al., 1976). As 

such, tropical forage legumes are rich in protein, which is usually the most limiting 

nutrient in tropical animal diets. 

 

Forage legumes can be grazed, harvested and fed fresh or stored as hay or silage 

(Harricharan et al., 1988). A sustainable way of improving the feeding value of poor 

quality crop residues and pastures, especially for resource poor smallholders, is 

through supplementation with forage legumes and tree foliage. Though there are 

several forage plants that have the capacity to produce high yields of dry matter, they 

contribute little to the much needed improvement of livestock production, because data 

on their nutritive values are scarce (Barro and Ribeiro 1983). With this in mind, the 

objective of this experiment was to assess the impact of isonitrogenous level of alfalfa, 

lablab, Leucaena leucocephala and concentrate mixture on sheep kept on rhodes grass 

hay basal diet on digestibility, feed intake, weight change and net return. 

 

Materials and Methods 
 

Experimental site, materials and design 

The trial was conducted at Werer Agricultural Research Center which is located at 

9
0
16‟N and 40

0
9'E, and 280 km away from the capital Addis Ababa in Amibara wereda 

of Afar Regional State at an altitude of 740 meter above sea level. The soil type is 

alluvial and vertisol with pH ranging from 7- 8. Based on the meteorological data of 

the center, the area receives an average annual rainfall of 578 mm, of much of it occurs 

during July and August. The long-term mean annual minimum and maximum 

temperatures are 19.5 ºC and 34.4 ºC, respectively; while the evapo-transpiration 

approximates to 2,700 mm, Institute of Agricultural Research (EIAR, 2004). 

 

Experimental animals and management 

Twenty-four Dorper×Afar F1 sheep of 7-9 months old were selected based on their 

body weight from the flock and used in 90 days of feeding trial and 7 days digestibility 

trial. Their age was determined by using the center record data. There was no 

quarantine period because they were taken from the center. However, animals were 

adapted for fifteen days in order to observe their health condition in the new diet and 

get adapted to the experimental condition. During this period, all animals were 
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vaccinated to heal common diseases such as pasteurellosis and anthrax, and sprayed 

(Diazinon) to treat external parasites. They were drenched with broad-spectrum 

anthelmintic to treat internal parasites. The treatment feed were introduced gradually 

over the two weeks adaptation period and then full fed during the trial period. 

 

The basal diet for this study was rhodes grass (Chloris gayana) and supplemental 

forage legumes used in this study were alfalfa (Medicago sativa), lablab (Dolicos 

lablab) and Leucaena leucocephala foliage adequate for animals over the feeding 

period was collected from tree plantation on the farm. The basal diets and the 

supplemental forage legumes were established under irrigation at Werer Agricultural 

Research Center. The basal diet and forage legumes were at around 50% flowering and 

harvested around 45 days growth period, field-cured under shade, and stored as hay 

under a roofed shelter to protect from rain and intense sun light. During the feeding 

period, the basal diet and forage legumes were chopped to about 3-5 cm in length to 

minimize selection and facilitate uniform intake by the animal. A concentrate mixture 

of noug seed cake (NSC) and wheat bran (WB) at the ratio of 33% NSC and 67% WB 

was formulated to be used as a supplement for one of treatments. NSC and WB were 

purchased from Addis Ababa town from mechanical oil extracting plants and flour 

processing plant, respectively.  

 

The basal diet (rhodes grass hay) was fed ad libitum at 15% level of refusal adjusted 

daily due to highly digestibility and high cp content. The amount of concentrate 

mixture supplement in the first treatment (T1) was set at 300 gram/head/day following 

previous recommendation that such level of supplement would induce good 

performance of growing sheep (Fentie, 2007; Wondesen, 2010). The amount of the 

other supplements was calculated based on the CP content of the supplements that 

were obtained from laboratory analysis to make them on isonitrogenous basis to that of 

the concentrate mixture. Therefore, samples of the four supplements were analyzed for 

DM and CP content to establish the amount of supplements to be fed before the 

commencement of the study. Accordingly, the supplemental levels were  286 

g/head/day for alfalfa hay (T2), 326 g/head/day  for lablab hay (T3) and 299 

g/head/day for Leucaena leucocephala  hay T4 (Table 2). The supplement feeds were 

offered sole at 0800 and 1600 hour in 2 equal portions daily and there were no refusals 

for treatment diets. Animals were adapted for 15 days to the respective diets before the 

commencement of the data collection. Samples of offers from all diets and refusals 

from hay were collected, weighed, and bulked over 7 and 90 days for digestion and 

feeding trials, respectively for chemical analysis. 

 

At the end of the feeding trial, all sheep in each treatment were used to conduct the 

digestion trial for 7 days. Animals were fitted with faecal collection bags for five days 
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of acclimatization period to faecal collection bags prior to total collection of faeces for 

7 days. During the faecal collection period, daily intake of hay and supplements were 

recorded. Samples of feeds offered and refused were collected and weighed every 

morning. Total faeces voided and collected in the harness were weighed daily and 

samples of 20% from each animal were taken and pooled in plastic bags and stored at -

20 
o
C

 
in deep freezer. At the last day of the digestion trial, faecal samples were 

thoroughly mixed and sub sampled for each animal. The sub-sampled faeces were 

stored in ice-box containers, taken to Holetta Research Center Nutrition Laboratory, 

and dried at 60
o
C for 72 hours for chemical analysis. The apparent digestibility 

coefficient (DC) of DM, OM, ADF, neutral detergent fiber (NDF) and CP were 

determined using the following formula: 

 

Apparent Digestibility (%) = (nutrient intake - fecal nutrient) X 100 

Nutrient intake 

 

Chemical analysis  

Samples of feed offered, refusals and faeces were dried in an oven at 60
o
C for 72 hours 

the samples were ground using laboratory mill to pass through 1mm screen size. Dry 

matter was determined after oven drying of sub samples of partially dried samples at 

105
o
C. The ash and nitrogen (N) were analyzed according to the procedures of AOAC 

(1990). Crude protein was calculated as N X 6.25. Neutral detergent fiber, ADF, and 

acid detergent lignin (ADL) were analyzed according to the procedures of Van Soest 

and Robertson (1985).   

 

Partial budget analysis 

The partial budget analysis involved the calculation of the variable cost of sheep, feeds 

and benefits gained from the result (Upton, 1979). The prices of sheep were assessed in 

Werer Sheep market before the actual experiment. The price of experimental sheep 

was in the range of 954.00 -959.6 birr and the average purchase price per sheep was 

957.88 Birr which has been used in partial budget analysis. At the end of the 

experiment, experienced sheep dealers estimated the selling price of each experimental 

sheep. The selling price of the forage legumes (alfalfa, lablab and Leucaenea 

leucocephala) was estimated to be a maximum of Birr 2.50 per kg. This was done with 

the assumption that alfalfa and Leucaenea leucocephala are perennial forages and once 

established can serve for up to 10 years, which reduces their overall production cost, 

while labalab is an annual but its biomass production is very high. This was done 

because there was no standard cost for forage legumes in the area. The price of the 

concentrate mix (Birr 5.00 per kg) was calculated based on the market price of Birr 

4.50 and Birr 6.00 per kg for wheat bran and NSC, respectively. The price of Rhodes 

grass hay was used in this study was estimated to be Birr 2.00 per kg.  
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 The total return (TR) was determined by the difference between selling and 

purchasing price of sheep in each treatment after and before the experiment. The net 

income (NI) was calculated by subtracting total variable cost (TVC) from the total 

return (TR): 

       

                                   NI= TR-TVC  

The change in net income (NI) was calculated as the difference between the change in total 

return (TR) and the change in total variable cost (TVC): 

 

                           NI = TR - TVC  

 

The marginal rate of return (MRR) measures the increase in net income (NI) associated with 

each additional unit of expenditure (TVC):   

 

                           MRR = (NI)/ (TVC) 

 

Statistical Analysis 

Variables considered in the feeding trial (feed intake, live weight change and feed 

efficiency) and in the digestion trial (DM and nutrient digestibility) were subjected to 

the analysis of variance (ANOVA) procedure using the General Linear Model 

procedure of SAS (SAS, 2000). Mean separation was done using least significance 

difference (LSD).   

 

The model for the experiment was: 

 

                        Yij = µ+Ti+Bj+Eij 

 

  Yij = the response variable, µ = the overall mean, Ti. = the treatment effect 

   Bj = the block effect, and Eij = the random error 

 

Results and Discussion 

 

Chemical composition of feeds 

The Chemical composition of the feeds used in the present study is given in Table 1. 

The CP content of Rhodes grass hay used in the present study was 11% and was quite 

high. The CP content of hay in this experiment is an indication of that the hay was of 

good quality and is above the 7% CP required for microbial protein synthesis in the 

rumen that can support at least the maintenance requirement of ruminants (Van Sosest, 

1994; Minson, 1990). The CP content of the hay used in this study was similar to the 

CP content of good quality grass hay (11%) reported by McDonald (2002), and was 
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within the range of 7.5%--15.45 reported for natural pasture hay (Yihalem, 2004; 

Solomon et al., 2008a,b). At leaf stage (around a growth period of 30-40 days) Rhodes 

grass contained 12% CP the level which is often quoted to meet the minimum 

requirement for lactating cows (Howard, 1962; Stobbs, 1971; Said, 1974).  However, 

at and after the growth stage of 75 days, the CP content drops below 7% the minimum 

level required for positive nitrogen balance (Milford and Haydock, 1965). Rhodes 

grass hay used in the current study was harvested around 45 days growth period.  
 

Table1. Chemical composition of experimental feeds and refusals 

 

Treatments feed Chemical composition 

(% for DM and %DM for others) 

DM OM CP NDF ADF ADL 

Rhodes grass hay 96.0 86.4 11.0 77.2 51.3 10.6 

NSC 92.6 91.2 31.6 41.3 35.7 6.7 

WB 90.2 95.1 17.4 50 13.7 4.2 

Alfalfa 96.2 88.3 23.0 46 40 7.5 

Lablab 95.8 89.1 20.2 50.1 44.3 9.7 

Leucaena 93 86.2 22.2 34 27 10.6 

Hay refusals       

T1 95.2 88.5 7.2 81.3 59.5 15.2 

T2 95.9 88 7.4 80.8 59.8 14.9 

T3 94.9 87.8 6.8 81.8 59.9 15.8 

T4 95.5 88.2 7.6 81.68 58.4 15.3 

ADF=acid detergent fiber; ADL= acid detergent lignin; CP=crude protein; DM= dry 

matter; WB= wheat bran; NDF=neutral detergent fiber; NSC=Noug seed cake; CM= 

concentrate mix (33% noug seed cake; 67 % wheat bran); T1=Hay ad libitum+300g 

concentrate mix; T2=Hay ad libitum+286g Alfalfa hay; T3=Hay ad libitum +326g 

Lablab hay; T4=Hay ad libitum +299 g Leucaena leucocephala hay    

 

The NDF, ADF and ADL content of Rhodes grass hay recorded in the present 

experiment were higher than the values reported by Getahun (2001) and Wekesa et al. 

(2006) but  lower than the amount reported by Gebru et al. (2010).  Its medium CP and 

high NDF and ADF contents could characterize the chemical composition of the hay. 

The high NDF content of the hay used in this study may limit ruminal fill and hence 

intake (Cheeke, 1999). The chemical compositions of hay refusals were similar among 

all treatments. The CP content of the hay refusals was reduced and that of NDF and 

ADF was increased as compared to the hay offered, indicating selectivity by animals 

for nutritious parts of the hay, although there was an attempt to decrease selectivity by 

chopping in this study. 

 

The CP content of lablab used in the present study was similar to those reported 

previously (Andrea et al, 1999; Murphy, 1998). Aganga and Kgwatalala (2005) and 

Taye (2004) reported a medium CP content of lablab of 16.4% and 17.4%, 

respectively. However, Murphy et al. (1999) and Odunis (2003), reported higher lablab 
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CP values ranging from 21.4-30.3 and 23%, respectively. In the current study the CP 

content of Leucaena leucocephala was within the range of 21.6%−27.8% reported by 

Solomon et al. (2004) and similar to those reported by Dicko and Sikena (1992) values 

ranging from 22-28%, but OM and NDF contents were lower and greater in the current 

study compared to the report of Solomon et al. (2004). The CP value of Alfalfa 

(Medicago sativa) in the present study was similar with the 18-25% reported by Katic 

et al. (2006) and greater than the value reported by Dawit et al. (2007). 

 

The CP content of noug seed cake (NSC) in this study was comparable to the 30-32% 

noted by different studies (Almaz, 2008; Taye, 2011). However, lower values than that 

noted in this study and greater values than the current result (Tesfaye, 2008) were 

reported previously. Range of values of 15-23% CP for wheat bran (WB) has been 

reported before and the result of this study was within this range. The difference in CP 

content of NSC and WB of different studies might be due to differences in the raw 

material and the method of extraction or milling employed. Even sample of the same 

variety of wheat from the same region may vary up to10% and sometimes more in 

content of protein due to processing and /or milling methods. 

  

The CP value of Alfalfa (Medicago sativa) in the present study was similar with the 

18-25% reported by and greater than the value reported by Dawit et al. (2007). The CP 

content of lablab used in the present study was similar to those reported previously 

(Abule et al, 1995; Ahmad et al, 2000); Andrea et al, 1999; Murphy, 1998). Aganga 

and Kgwatalala (2005) and Taye (2004) reported a medium CP content of lablab of 

16.4% and 17.4%, respectively. However, Murphy et al. (1999) and Odunis (2003), 

reported higher lablab CP values ranging from 21.4-30.3 and 23%, respectively. In the 

current study the CP content of Leucaena leucocephala was within the range of 

21.6%−27.8% reported by Solomon et al. (2004) and similar to those reported by 

Dicko and Sikena (1992) values ranging from 22-28%, but OM and NDF were lower 

and greater in the current study compared to the report of Solomon et al. (2004).  

Based on the energy and CP content feeds can be classified in to low, medium and high 

protein and energy source feeds. According to Lonsdale (1989) feeds that have <120, 

120-200 and >200 g CP/kg DM are classified as low, medium and high protein 

sources, respectively and also feeds that have <9, 9-12 and >12 MJ ME/kg DM are 

classified as low, medium and high energy sources, respectively. Based on this 

classification, concentrate mix, alfalfa, lablab and Leucaena leucocephala used in the 

present study are classified as high protein source feeds. 
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Table 2.  Apparent dry matter and nutrient digestibility of Dorper × Afar F1 cross sheep fed hay and 

supplemented with concentrate mix and different forage legumes 

 

Digestibility (%) Feeding treatment SEM 

T1 T2 T3 T4 

DM 65.37a 62.47b 64.63ab 65.81a 0.019 

OM 69.31a 63.16b 65.46b 63.08b 0.025 

CP 82.28a 78.69b 78.33b 80.41ab 0.022 

NDF 68.02a 62.01bc 63.90b 58.54c 0.029 

ADF 61.02a 61.80a 62.44a 49.65b 0.035 
a-cmeans with a row not bearing a common superscript are significantly different; 

ADF=acid detergent fiber; CP=crude protein ; DM =dry matter NDF=neutral 

detergent fiber; OM=organic matter; SEM=standard error of mean; CM= 

concentrate mix (33% noug seed cake; 67 % wheat bran); T1=Hay ad 

libitum+300g CM; T2=Hay ad libitum+286g alfalfa hay; T3=Hay ad libitum 

+326g lablab hay; T4=Hay ad libitum +299 g Leucaena leucocephala hay 

 

Dry matter and nutrient digestibility 

Apparent DM and nutrient digestibility of experimental feeds are shown in Table 2. 

The apparent digestibility of DM was lower (P<0.05) for T2 as compared to T1 and 

T4, while values for T3 was similar (P>0.05) with all other treatments. Digestibility of 

OM was highest for T1 but similar among the other 3 treatments. The CP digestibility 

was greater for T1 than T2 and T3, but values for T4 was similar with the other 

treatments. Generally, values for CP digestibility among the different treatments were 

very close. The digestibility of NDF was the highest for T1 and that of ADF was the 

lowest for T4 as compared to the other treatments. The reduced digestibility of fiber in 

T4 could be due to the presence of tannins in leaves that may interfere with the fiber 

degrading microbes in the rumen (/Patra, 2009b).      

 

Live weight gain and feed conversion efficiency 

Final body weight of sheep was greater (P<0.05) for T1 and T4 as compared to the 

other two treatments, while values for T1 and T4 as well as for T2 and T3 were similar 

(P>0.05) (Table 3). Body weight change, average daily weight gain (ADG) and feed 

conversion efficiency were significantly affected by treatments (P <0.0001) and took a 

similar trend like that of final body weigh. In addition, consistency with differences in 

digestibility of DM and CP that might have resulted to differences in nutrients 

available for absorption and metabolism. The relatively higher content of NDF and 

ADF in alfalfa and lablab could have also been responsible for the lower ADG 

observed in T2 and T3 as compared to the other two treatments. 
 

T 



[181] 

 

Table 3.   Body weight parameters and feed conversion efficiency of Dorper ×Afar F1 cross sheep fed hay 

and supplemented with concentrate mix and different forage legumes 

 

Parameter Treatment SEM 

T1 T2 T3 T4  

IBW(kg) 21.21 21.31 21.68 21.30 0.72 

FBW(kg) 27.08a 25.33b 25.28b 27.53a 0.88 

BWC (kg) 5.86a 4.01b 3.6b 6.23a 0.74 

ADG (g/d) 65.1a 44.63b 40b 69.17a 8.36 

FCE 0.08a 0.06b 0.06b 0.08a 0.001 

  a-bmeans within a row not bearing common superscript are significantly 

different; ADG=average daily body weight gain; BWC=body weight 

change; FBW=final body weight; FCE=feed conversion efficiency (g ADG/g 

DM intake); IBW=initial body weight; SEM=standard error of mean; CM= 

concentrate mix (33% noug seed cake; 67 % wheat bran); T1=Hay ad 

libitum+300g CM; T2=Hay ad libitum+286g alfalfa hay; T3=Hay ad 

libitum +326g lablab hay; T4=Hay ad libitum +299 g Leucaena 

leucocephala hay    

 

Supplementation of multipurpose trees to small ruminants improved growth 

performance in a number of independent studies (Reed et al 1990; Melaku et al 2004) 

and also In a study that involved feeding of Calliandra calothyrsus and Leucaena 

leucocephala to goats, supplemented group gained 11-15% more body weight than the 

control group.  Sheep fed leaves of S. sesban as a protein supplement also had higher 

body weight gain compared to un-supplemented group (Reed et al 1990). Multipurpose 

trees were also complained of anti-nutritional factors (Reed et al 1990; Melaku et al 

2004), which could significantly limit their utilization. These results are also close to 

the  findings of Yami et al. (2000) who reported that the inclusion of varying levels 

Leucaena leucocephala leaves in the diets  had significantly (P <  0.05) affected body 

weight gain. 

 

A review made by Andrea et al. (1999) on the nutritive values of Lablab purpureus, 

indicated that CP content of lablab leaves, which ranged from 14.3-38.5% was higher 

than the CP content of its stems, which ranged from 7.0-20.1%. The author also 

reported that lablab leaves contained 37.3%, 23.4%, and 4.4% NDF, ADF and ADL, 

respectively, which were lower than 61.9%, 49.4% and 9.1% NDF, ADF and ADL, 

respectively contained in the stems.  Nsahlai and Umunna (1996) reported that the 

nitrogen in lablab is rapidly degradable in the rumen that is useful to meet the 

requirements of rumen microorganisms for efficient degradation of low quality 

roughages. Similarly, Adu et al. (1990) reported that lablab supplementation to 

sorghum stover significantly improved CP digestibility and generally improved rumen 

fermentation of the test diets and improved live weight gains of sheep. 
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Dry matter and nutrient intake 

Significant differences (P<0.001) were observed among treatments in daily hay DM 

and total DM intakes. Hay and total DM intakes were greater (P<0.05) for T2 and T4 

than T3, and values for T4 was greater than T1 (P<0.001). The reason for the 

difference in hay DM intake among treatments despite similar level of CP 

supplementation in the current study is not apparent. However, the slightly higher 

levels of NDF and ADF of lablab as compared to the other supplements might have 

slightly limited intake of hay in T3. The total DM intake as percent of body weight in 

the current study was 3.0, 3.1, 2.9 and 3.3 for T1, T2, T3 and T4, respectively, which 

was within the range of 2-6% recommended by the ARC (1980) and 2-4% of body 

weight. 

  

Partial budget analysis 

The result of this study indicated that the highest total return (1141 ETB /sheep) was 

obtained from sheep supplemented with 299 g/d/head Leucaena leucocephala (T4); 

followed by T1, T3 and T2 in a decreasing order. Net return was in the order of T4 > 

T3 > T1 > T2 and ranged 797 – 982 ETB. The difference in the net return among 

treatments was mainly due to the difference in feed cost and selling price of the 

animals. The higher profit obtained in T4 is due to the highest total return of Leucaena 

leucocephala, better feed conversion efficiency and body weight gain of the sheep in 

this  treatment, which resulted in higher selling price. On the other hand, the net 

income of sheep in T2 was lower due to the low selling price of animals in this group. 

Thus, based on biological performance and net return, T4 outweighs other treatments.  
 

Table 4.  Daily dry matter and nutrient intake of Dorper × Afar F1 sheep fed hay and 

supplemented with concentrate mix and different forage legumes 

 

Intake (g/d) Treatment SEM 

T1 T2 T3 T4  

Hay DM 414.87cb 440.97ab 355.62c 510.36a 62.92 

Supplement  DM 300.00 286.00 326.00 299.00 - 

Total DM 714.87cb 726.97ab 681.62c 809.36a 51.50 

OM 672.41a 606.03b 568.26b 681.33a 47.97 

CP 103.23b 109.51b 91.96c 129.72a 5.83 

NDF 487.46a 449.63a 308.17b 356.47b 39.95 

ADF 287.18 317.92 303.77 320.24 50.91 
a-cmeans with a row not bearing a common superscript are significantly different; DM=dry 

matter; ADF=acid detergent fiber; CP=crude protein; NDF=neutral detergent fiber; OM= 

organic fiber; ME=metabolizable energy;  SL=significance level; SEM=standard error of 

mean; CM= concentrate mix (33% noug seed cake; 67 % wheat bran); T1=Hay ad 

libitum+300g CM; T2=Hay ad libitum+286g alfalfa hay; T3=Hay ad libitum +326g lablab 

hay; T4=Hay ad libitum +299 g Leucaena leucocephala hay   

 

Birr=;ΔNI= change in net income; ΔTVC= change in total variable cost. 

MRR= marginal rate of return; NR= net return; NSC= noug seed cake;  
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WB= wheat bran; TR= total return; T1=Hay ad libitum+300g concentrate mix; 

T2=Hay ad libitum+286g Alfalfa hay; T3=Hay ad libitum +326g Lablab hay; T4=Hay 

ad libitum +299 g  Leucaena leucocephala hay and, concentrate mix=67 % wheat bran 

+33% noug seed cake. 
 

  Table 5. Partial budget analysis of Dorper × Afar F1 cross sheep fed hay and supplemented with 

concentrate mix and different forage legumes 

 

Parameter Treatment 

  T1 T2 T3 T4 

Purchase price per sheep (birr) 954 959 960 959 

Hay consumed (kg /sheep) 37.33 39.68 32.00 45.93 

Concentrate consumed (kg /sheep) 27.00 − − − 

Alfalfa consumed (kg/sheep) − 25.74 − − 

Lablab consumed (kg/sheep) − − 29.34 − 

leucanea consumed (kg/sheep) − − − 26.91 

Feed costs     

   Cost of hay (birr/sheep) 74.70 79.38 64.08 91.80 

   Cost of concentrate (birr /sheep) 135.00 − − − 

   Cost of alfalfa (birr/sheep) − 64.35 − − 

   Cost of lablab (birr/sheep) − − 73.35 − 

   Cost of leucanea (birr/sheep) − − − 67.28 

TVC (birr/sheep) 209.70 143.73 137.43 159.08 

Selling price (birr/sheep) 2000 1900 1985 2100 

Total return (TR) birr/sheep) 1046 941 1025 1141 

Net return (birr/sheep) 836.30 797.27 887.57 981.93 

Change in total return (birr/sheep) − -105 -21 95 

Change in net return (ΔNR) (birr/sheep) − -39.03 51.27 145.63 

Change of total variable cost (ΔTVC) − -65.97 -72.27 -50.63 

MRR (ΔNR)/ (ΔTVC) − 59 -71 -288 

 

Summary and Conclusions 

 
According to the chemical analysis result of the treatment diets, CP, NDF and ADF 

contents of Rhodes grass hay was 11, 77 and 51%, respectively. The CP contents of 

NSC, WB, alfalfa, lablab and leucaena were 32, 17, 23, 20 and 22%, respectively. 

Among the supplements, alfalfa and lablab had relatively higher NDF and ADF levels. 

Hay DM intake was 415, 441, 356 and 510 g/day (SEM = 62.9) for T1, T2, T3 and T4, 

respectively and values were greater (P<0.05) for T2 and T4 than T3, and values for T4 

was greater than T1 (P<0.001). Total DM intake differed among treatments and 

followed a similar trend like that of hay DM intake (715, 727, 682 and 809 g/day for 

T1, T2, T3 and T4, respectively). The CP intake was 103, 110, 92, 130 (SEM = 5.83) 

and was in the order of T4 > T1 = T2 > T3 (P<0.05). Apparent DM digestibility ranged 
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62-66% and was lower (P<0.05) for T2 as compared to T1 and T4, while values for T3 

was similar (P>0.05) with all other treatments. The apparent digestibility of CP was 

greater for T1 than T2 and T3, but values for T4 was similar with the other treatments 

(82.3, 78.7, 78.3 and 80.4 (SEM = 0.02) for T1, T2, T3 and T4, respectively).  

Generally, values for CP digestibility among the different treatments were very close.  

 

Partial budget analysis result showed that net return in the currents study to be 836, 

797, 888 and 982 ETB, indicating that net return was in the order of T4 > T3 > T1 > 

T2. The difference in the net return among treatments was due to the difference in feed 

cost and selling price of the animals. Thus, based on biological performance and net 

return, T4 and T1 outweigh other treatments. However, all supplements were used in 

this study induced favorable ADG and thus can be employed in feeding systems 

depending on their availability and relative cost.     
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Introduction 
 

Napier grass (Pennisetum purpureum (L.) Schumach), also known as elephant grass, 

was originated from sub-Saharan tropical Africa and occurs naturally throughout 

tropical Africa and particularly in East Africa (Mwendia et al., 2006). It is the forage of 

choice not only in the tropics but also worldwide due to its desirable traits such as 

tolerance to drought and adaptability to a wide range of soil conditions and high 

photosynthetic and water-use efficiency (Anderson et al., 2008). It is a tall and deep-

rooted perennial bunch grass well known for its high yielding capability and mainly 

used in cut-and-carry feeding systems. It is a pioneer species and performs well in low, 

mid and highland areas of Ethiopia (Seyoum et al., 1998). According to Fekede et al., 

(2005), it grows best at high temperatures but can tolerate low air temperatures under 

which the yields can be reduced and ceases to grow at a temperature below 10°C. The 

grass is propagated vegetatively by using stem cuttings, root splits or shoot tips that 

usually vary across agro-ecologies (Getnet and Gezahagn, 2012). The grass can 

provide a continual supply of green forage throughout the year and best fits to all 

intensive small scale farming systems. Amongst the improved forage crops promoted 

in Ethiopia, Napier grass could play an important role in providing a significant 

amount of biomass yield of 20-30 t DM/ha/year with good agronomic and management 

practices (Farrell et al., 2002).  

 

Genotypic variation in growth characteristics of Napier grass has also been reported 

(Mwendia et al. 2006) and growth and morphological characteristics are correlated 

with DM yield and nutritional quality (Tudsri et al. 2002). Based on chemical 

composition and in-vitro dry matter digestibility (IVDMD), it could be categorized as 

high quality forage and extremely palatable when young and leafy (Cook et al., 2005). 

The cultivation of high quality forages with a high yielding ability and adaptability to 

biotic and abiotic environmental stresses is one of the possible options to increase 

livestock production under smallholder farmers‟ conditions. Despite huge livestock 

mailto:gezk2007@yahoo.co.uk
http://www.feedipedia.org/node/1689
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population in the country, productivity of animals in Ethiopia is lower than the regional 

and continental average. Among the factors contributing to low productivity, 

availability of poor quality feed resources remains to be the major bottleneck to 

livestock production. To improve livestock production, sustainable solution to seasonal 

deficiencies in feed availability and quality are required through proper management 

and utilization of forage crops. Testing the adaptability and yield potential of Napier 

grass is very important to identify the best bet accessions for research and development 

works. Accordingly, there is a need to evaluate Napier grass accessions for basic 

quantitative and qualitative traits to address the feed demand of mixed farming systems 

in the country. Therefore, the objective of this study was to evaluate the agronomic 

performance and nutritive values of ten Napier grass accessions at Holetta, in the 

central highland of Ethiopia.  

 

Materials and Methods 

 

The test environment 

The experiment was conducted at Holetta Agricultural Research Center during the 

main cropping seasons. The test location represents the highland areas of Ethiopia. The 

farming system of the area is mixed crop livestock production system. Descriptions of 

the test environment are indicated in Table 1.  

  

Experimental design and layout 

The ten accessions of Napier grass considered for this experiment were 15743, 16783, 

16791, 16792, 16794, 16813, 16815, 16817, 16819 and check (16984). The planting 

material of the accessions was collected from Bako Agricultural Research Center and 

planted at Debrezeit. The vegetative parts in the form of root splits were brought from 

D/zeit research center to evaluate their performance under Holetta environmental 

conditions. The experiment was conducted for four consecutive years, 2011-2014. The 

accessions were planted in 4 m x 4 m plot using a randomized complete block design 

(RCBD) with three replications and the accessions assigned randomly to plots within 

block. Root splits were planted in four rows per plot and a total of 32 root splits were 

planted per plot with intra and inter row spacing of 0.5 m and 1 m respectively, giving 

a density of 20,000 plants/ha. There was an alleyway of 2 m width between blocks and 

1m width between plots. A blanket basal fertilize was uniformly applied to all plots in 

the form of diammonium phosphate (DAP) at the rate of 100 kg/ha. After every 

harvest, the plots were top dressed with 50 kg N/ha of which one-third applied at the 

first shower of rain and the remaining two-third applied during the active growth stage 

of the plant. All other crop management practices were used uniformly to all 

accessions as required.  
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      Table 1.  Descriptions of the test location for geographical position and physico-chemical properties of the soils 

 

Parameter Description Parameter Description 

Latitude 9° 00'N Soil type Nitosol 

Longitude 38° 30'E Textural class Clay 

Altitude (m) 2400 pH(1:1 H2o) 5.24 

Annual Rainfall (mm) 1044 Total organic matter (%) 1.80 

Daily minimum temperature (°C) 6.2 Total nitrogen (%) 0.17 

Daily maximum temperature (°C) 21.2 Available phosphorous (ppm) 4.55 

 

Data collection and measurements 

Measurements taken before and after each harvest were plant survival rate, number of 

tillers per plant, plant height, forage DM yield, leaf to stem ratio, number of nodes per 

plant and internode length per plant. Plant survival rate was calculated as the ratio of 

the number of blooming plants per plot to the total number of plants planted per plot 

and then multiplied by 100. The number of tillers was also measured from the five 

culms after harvesting. Plant height was based on five culms taken randomly in each 

plot, measured using a steel tape from the ground level to the highest leaf. For 

determination of biomass yield, accessions were clipped at 5cm from the ground level 

from two rows next to the guard rows. Weight of the total fresh biomass yield was 

recorded from each plot in the field and the estimated 500 g sample was taken from 

each plot to the laboratory. The sample taken from each plot was weighed to know the 

total sample fresh weight using sensitive table balance and manually fractionated in to 

leaf and stem. The morphological parts were separately weighed to know their sample 

fresh weight, oven dried for 24 hours at a temperature of 105
o
c and separately weighed 

to estimate the proportions of these morphological parts. Accordingly, leaves were 

separated from stems and the leaf to stem ratio (LSR) was estimated based on the dry 

weight of each component. Number of nodes per plant and internode length (cm) was 

taken from five randomly selected plants per plot.  

 

Chemical analysis and in-vitro organic matter digestibility 

The oven-dried samples at a temperature of 65
o
C for 72 hours were used for laboratory 

analysis to determine chemical composition and in-vitro organic matter digestibility of 

the accessions. The dried samples ground to pass a 1-mm sieve and used for laboratory 

analysis. Analysis was made for ash, CP, NDF, ADF, ADL and IVOMD nutritional 

parameters. Total ash content was determined by oven drying the samples at 105
0
C 

overnight and by combusting the samples in a muffle furnace at 550
o
C for 6 hours 

(AOAC, 1990). Nitrogen (N) content was determined following the micro-Kjeldahl 

digestion, distillation and titration procedures (AOAC, 1995) and the crude protein 

(CP) content was estimated by multiplying the N content by 6.25. The structural plant 

constituents (NDF, ADF and ADL) were determined according to Van Soest and 

Robertson procedure (1985). The in-vitro organic matter digestibility (IVOMD) was 
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determined according to the Tilley and Terry procedure (1963). Hemicellulose and 

cellulose contents were estimated from subtracting ADF from NDF and ADL from 

ADF respectively. The CP yield in t/ha was calculated by multiplying CP with total dry 

biomass yield and then divided by 100. The digestible yield in t/ha was also 

determined by multiplying IVOMD with total DM yield and then divided by 100.  

 

Statistical analysis 

Differences among accessions were tested using analysis of variance (ANOVA) 

procedures of SAS general linear model (GLM) to compare treatment means (SAS, 

2002). Least significance difference (LSD) at 5% significance level was used for 

comparison of means. The data for combined analysis, the following model was used:  

 

Yijk = µ + Ai + Yj + (AY)ij + Bk(j) + eijk;   

 

Where, Yijk = measured response of accession i in block k of year j; µ = grand mean; Ai 

= effect of accession i; Yj = effect of year j; AY= accession by year interaction; Bk (j) = 

effect of block k in year j; eijk = random error effect of accession i in block k of year j. 

For each year analysis, the model was used: Yij = µ + Ai + Bj + eij; Where, Yij = 

measured response of accession i in block j; µ = grand mean; Ai = effect of accession i; 

Bj = effect of block j; eij = random error effect of accession i in block j.   

 

Results and Discussion 

 

Establishment performance  

Study on establishment performance is an important consideration during forage crop 

cultivation due to substantial effect on forage productivity. The average survival rate 

results revealed that the survival rate varied among the accessions. The highest plant 

survival rate (93.8%) was recorded for accession 16783 followed by accession 16817 

(92.7%) and accession 15743 (82.3%). On the other hand, accession 16815 showed the 

lowest (56.3%) plant survival rate followed by 16984 (66.7%) and accession 16813 

(68.8%). According to Fekede et al. (2005), the average survival rate of Napier grass 

during the three years of experimental period was 73.8% and the reduction in the 

number of plants did not affect the herbage yield of the grass, and this could be 

attributed to the vigorous growth performance of the tillers produced by the remaining 

stands. Cuttings taken from the lower portion of the stem are more mature than those 

from the upper, younger portion are and, this affects the success of propagation. Plant 

development and yield are severely affected by soil conditions such as moisture and 

soil fertility. Agro-metrological variables such as rainfall, soil and air temperatures, 

wind, relative humidity or dew point temperature and solar radiation have major 
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impacts on crop growth and development (Hoogenboom, 2000). As described by Pal 

(2004), seed size, sowing depth, land preparation and environment influences the 

emergence and establishment of seedlings. According to Fekede (2004), high 

germination rate, vigorous growth and dense establishment are among the desired 

characteristics for forage crop. Generally, Napier grass has a wide range of adaptation, 

vigorous growth, high biomass productivity and deep root system to survive under 

drought conditions (Tessema, 2008). 

 

Number of tillers per plant 

Tillering performance is an important morphological characteristic to be considered 

during selection of appropriate forage crops to improve production and productivity. 

The mean tillering performance of the tested Napier grass accessions is indicated in 

Table 2. The combined analysis indicated that significant (P<0.05) variation was 

observed among the accessions. The highest number of tillers (38.2) over years was 

obtained from accession 16819 followed by accession 16794 (37.8) and 16783 

(37.7)while accession 16817 gave the lowest (27.3). The difference in tillers produced 

per plant among the accessions of Napier grass could be attributed to genetic variations 

among the accessions and their interactions to the environment. Tillering performance 

also varies with production years due to variation in distribution and amount of rainfall. 

In the cool highland (Holetta), Napier grass could produce peak number of tillers 

during the third year of establishment and that fertilizer application enhances the 

production of more number of tillers (Fekede et al., 2005). The variation in tiller 

number among different varieties of Napier grass was also observed in central Kenya 

(Mwendia et al., 2006). According to Tessema and Alemayehu (2010), Napier grass 

produces many tillers and dense vegetative growth as the pasture consolidates due to 

perennial nature of the grass. The number of tillers per plant of Napier grass increased 

with plant height at cutting (Tessema et al., 2003). This may be due to the longer 

physiological growth phases of the plants in the reduced cutting frequency. Increased 

tillering is probably an adaptive feature to tolerate frequent defoliation by re-

establishing lost photosynthetic area and maintaining basal area. High tiller production 

not only indicates stable productivity but also is linked to better persistence after 

periods of unfavorable environmental conditions. Generally, tiller production is a key 

factor in the resistance of grasslands to deterioration by ageing. 

 
                          



[192] 

 

 

 Table 2. Number of tillers of ten Napier grass accessions  

 

Accession Year Combined over 

years 2011 2012 2013 2014 

15743 19.33 30.33 25.00 40.33bc 28.75b 

16783 26.00 34.33 30.33 60.00ab 37.67a 

16791 19.00 30.67 25.00 55.00ab 32.42ab 

16792 20.33 28.00 24.33 38.00bc 27.67b 

16794 36.33 26.33 31.67 57.00ab 37.83a 

16813 26.33 26.67 27.00 51.00ab 32.75ab 

16815 21.67 21.67 22.00 40.33bc 26.42b 

16817 24.00 29.33 27.00 28.67c 27.25b 

16819 26.00 28.00 27.33 71.33a 38.17a 

16984 22.33 26.67 25.00 45.33bc 29.83b 

Mean 24.13 28.20 26.47 48.70 31.88 

SEM 0.54 0.36 0.40 0.66 0.28 

P-value 0.4407 0.0858 0.4281 0.0295 0.0460 

Means followed by different superscript letters within a column are significantly different 

(P<0.05) 

 

Plant height at forage harvesting 

Mean plant height of Napier grass accessions were significantly (P<0.05) different in 

combined and each year analysis except in 2014 (Table 3). The plant height ranged 

from 75.1 to 124.8 cm with a mean of 96.3 cm. Generally, accession 16984 gave the 

highest mean plant height followed by accession 16792 (107.1 cm) and 15743 (106.6 

cm) while accession 16813 gave the shortest. Height at cutting is reported to affect the 

growth characteristics and productivity of Napier grass. Other results also indicated 

that plant height at cutting significantly affects the fodder yield in Kenya (Muinga et 

al., 1992). Amongst the major agronomic practices required, harvesting of Napier grass 

at appropriate cutting height and defoliation frequencies are very important to improve 

DM yield and nutritive values of this plant (Tessema et al., 2003). A higher cutting 

height of Napier grass may result in underutilization and the quality of forage is 

reduced by a higher cutting height (Tessema et al., 2003). Appropriate cutting 

management is essential for high production and quality of this species. High cutting 

frequency reduces growth and development, whereas long intervals between harvests 

lead to accumulation of fiber and reduction in quality (Tessema et al., 2010). This is 

because Napier grass has high structural cell wall carbohydrates that increase rapidly 

with maturity causing decline in CP concentration and digestibility.  
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Table 3. Mean plant height (cm) of ten Napier grass accessions tested over years at Holetta 

  

 

Accession 

Year Combined over 

years 2011 2012 2013 2014 

15743 87.93a 134.83b 104.90c 98.80 106.62c 

16783 56.30cd 105.67e 84.73de 83.93 82.66ef 

16791 82.93ab 154.00a 118.80ab 107.67 115.85b 

16792 88.77a 127.73bc 106.00bc 105.70 107.05bc 

16794 70.87bc 122.37bcd 97.10cd 97.07 96.85d 

16813 48.80d 88.37f 82.40e 80.93 75.13f 

16815 56.70cd 90.47f 79.90e 93.10 80.04ef 

16817 69.17bc 110.27de 87.80de 77.33 86.14e 

16819 60.43cd 115.07cde 95.43cd 82.37 88.33de 

16984 96.67a 158.97a 127.23a 116.23 124.78a 

Mean 71.86 120.77 98.43 94.31 96.34 

SEM 0.55 0.51 0.50 0.73 0.30 

P-value 0.0001 0.0001 0.0001 0.0957 0.0001 

Means followed by different superscript letters within a column are significantly 

different (P<0.05) 

 

Forage dry matter yield 

Forage dry matter (DM) yield of Napier grass accessions showed significant (P<0.05) 

variation in combined and each year analysis except in 2014 (Table 4). The DM yield 

of combined analysis ranged from 3.5 to 8.0 t/ha with a mean of 5.4 t/ha. Generally, 

accession 16791 gave the highest mean DM yield followed by 16819 and 15743. On 

the other hand, accessions 16815 gave the lowest DM yield. The variations in plant 

survival rate, tillering performance and plant height are the causes of difference in DM 

yield. Moreover, DM yield differences occurred due to variations among the tested 

genotypes, testing years and genotype by year‟s interaction effects. DM yield of Napier 

grass may be affected by the harvesting day after planting. Tessema et al., (2003) 

reported that increasing foliage height increased DM yield. According to Ishii et al. 

(2005), the taller varieties showed higher DM yields than the shorter varieties. The DM 

yield of Napier grass increased as frequency between cuttings increased and this 

indicates that a long harvest interval is necessary to achieve high DM yields (Tessema 

et al., 2010). Yields of the grass vary depending on genotype, edaphic and climatic 

factors and management practices. Generally, as grass matures, herbage yield is 

increased due to the rapid increase in the tissues of the plant. Amongst the promising 

forage species promoted in Ethiopia, Napier grass could play an important role in 

providing a significant amount of high quality forage to the livestock under both the 

smallholder farmers and intensive livestock production systems with appropriate 

management practices (Seyoum et al., 1998). Water supply is highly associated with 

nutrient uptake and accumulation of biomass because of an accelerated maturation 

process when other factors such as temperature, soil fertility and light intensity are not 

limiting for forage growth. However, Napier grass can withstand considerable periods 
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of drought (Butt et al., 1993), produces greater DM yield than other tropical grasses, 

and is of high nutritive value for dairy animals particularly when supplemented with 

high quality feeds such as legumes. 

 

Leaf to stem ratio at forage harvesting 

The Leaf to stem ratio (LSR) of Napier grass accessions varied (P<0.05) significantly 

(Table 5). The result showed that LSR ranged from 1.13 to 4.84 with a mean of 1.92. 

Accessions 16813 produced the highest LSR followed by 16794 and 16819. On the 

other hand, the lowest mean LSR was recorded for check (16984) accession. Due to the 

presence of genetic variations, the tested accessions respond differently for LSR. 

Growth characteristics such as tillering performance, plant height and age of harvesting 

also affect the proportion of leaf and stem of the plant. The research results indicated 

that the LSR of Napier grass ranged from 1.7 to 3.1 in Thailand (Tudsri et al., 2002) 

and within the range of 1.65 to 6.1 in Kenya (Mwendia et al., 2006). The highest LSR 

is obtained from short cultivars of Napier grass when compared to tall cultivars (Tudsri 

et al., 2002; Tessema, 2005). The LSR has significant implications on the nutritive 

quality of the grass as leaves contain higher levels of nutrients and less fiber than 

stems. The result indicated that the LSR is an important factor affecting diet selection, 

quality and intake of forage (Smart et al., 2004). The LSR is associated with high 

nutritive value of the forage because leaf is generally of higher nutritive value (Tudsri 

et al., 2002) and the performance of animals is closely related to the amount of leaf in 

the diet. Decrease in LSR with longer cutting intervals is a function of the longer 

periods of physiological growth with reduced defoliation frequency stimulating stem 

growth at the expense of leaf production (Butt et al. 1993). 
 

    Table 4. DM yield (t/ha) of ten Napier grass accessions tes 

  

 

Accession 

Year Combined over 

years 2011 2012 2013 2014 

15743 0.68a 7.90ab 8.35bc 5.97 5.72bc 

16783 0.47bcd 6.10bc 6.92bcd 8.00 5.37bc 

16791 0.62ab 10.08a 11.88a 9.58 8.04a 

16792 0.50bc 5.14bcd 6.59cd 7.79 5.00cd 

16794 0.24ef 6.39bc 7.88bc 6.42 5.23bc 

16813 0.23ef 4.80cd 6.26cd 5.42 4.18cd 

16815 0.12f 3.08d 4.52d 6.11 3.46d 

16817 0.37cde 5.70bcd 6.82bcd 5.97 4.72cd 

16819 0.29def 6.81bc 9.53ab 9.89 6.63ab 

16984 0.41cde 7.43abc 8.50bc 5.75 5.52bc 

Mean 0.39 6.34 7.72 7.09 5.39 

SEM 0.06 0.23 0.23 0.30 0.13 

P-value 0.0001 0.0058 0.0022 0.4441 0.0001 

Means followed by different superscript letters within a column are 

significantly different each other at P<0.05 
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Node number and internode length per plant  

Though the accessions did not show significant (P>0.05) variation for number of nodes 

per plant, differences was observed among the tested Napier grass genotypes (Table 5). 

Number of nodes per plant ranged from 4.8 to 7.1 with a mean of 5.9. The highest 

number of nodes per plant was recorded for accession 15743 and 16815 while the 

check (16984) accession produced the lowest. The length of internode per plant 

showed significant (P<0.05) difference among the accessions of Napier grass (Table 

5). The mean length of internode per plant ranged from 5.6 to 10.8 cm with a mean of 

8.2 cm. The highest mean internode length per plant was recorded for accession 16791 

followed by accession 16819 and 16815 while accession 16813 produced the lowest. 

Generally, as other agronomic traits, stem elongation also influenced by variation in 

temperature, amount and distribution of rainfall, genotypes and genotype by year 

interaction effects.      

 
Table 5. Lleaf to stem ratio, number of nodes and internode length (cm) 

performance of ten Napier grass accessions tested at Holetta 

 

Accession Leaf to stem 

ratio 

Number of 

nodes per plant 

Internode length 

per plant 

15743 1.57abc 7.07 6.80cd 

16783 1.82abc 5.77 8.37abcd 

16791 1.25b 6.93 10.77a 

16792 1.36b 5.50 10.37ab 

16794 2.09ab 5.87 7.43abcd 

16813 4.84a 5.47 5.57d 

16815 1.43b 7.07 8.93abcd 

16817 1.82abc 5.33 6.87bcd 

16819 1.92abc 5.60 10.13abc 

16984 1.13c 4.77 7.13bcd 

Mean 1.92 5.94 8.24 

SEM 0.16 0.21 0.26 

P-value 0.0448 0.5164 0.0446 

Means followed by different superscript letters within a column are 

significantly different each other at P<0.05 

 

Chemical compositions and in-vitro organic matter digestibility 

 

Non-fiber chemical compositions 

The ash content of Napier grass showed non-significant difference (P>0.05) ranging 

from 133.7 to 153.6 g/kg DM with a mean of 144.6 g/kg DM (Table 6). The highest 

ash content was recorded for accession 16783 followed by check (149.5 g/kg DM) and 

16791 (149.5 g/kg DM) whereas the lowest was recorded for accession 16815. The 

high ash content in forage could be an indication of high mineral concentration. The 
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results suggest that the mineral content of most herbaceous plants was reduced with 

increased stage of maturity. Bayble et al., (2007) also reported similar results, 

suggesting that the mineral contents of herbaceous forages declines as the stage of 

maturity advances. As grasses mature, the mineral content declines due to a natural 

dilution process and translocation of minerals to the roots. Mineral content drops as the 

season progresses due to oxidation, lignifications, evapo-transpiration and translocation 

from leaves to fruits and roots. Since the concentration of minerals in forages are 

affected by stage of maturity, climatic and seasonal changes, regular analysis has been 

recommended for formulating appropriate mineral supplementation schedules (Spears, 

1994). Other studies also indicated that concentration of minerals in forage varies due 

to factors like plant developmental stage, morphological fractions, climatic conditions, 

soil characteristics and fertilization regime (Jukenvicius and Sabiene, 2007). In many 

regions in the tropics, forages are deficient in one or more minerals and 

supplementation is necessary for optimal animal performance and/or health (McDowell 

and Conrad, 1990).  

 

The CP content of Napier grass showed non-significant (P>0.05) difference, though the 

content varied among the accessions (Table 6). The CP content of the accessions 

ranged from 50.6 to 63.7 g/kg DM with a mean of 57.3 g/kg DM. The highest CP 

content was observed for accession 16783 followed by check (60.5 g/kg DM) and 

16813 (59.9 g/kg DM) while it remained low for accession 16815. The CP yield of 

Napier grass also varies among the accessions, which generally related to the biomass 

yield (Table 6). The result showed that the CP yield ranged from 0.2 to 0.6 t/ha with a 

mean of 0.4 t/ha. Accordingly, accessions 16791 and 16815 had the highest and lowest 

CP yield respectively. In evaluating forage crops, CP content should not be used as the 

only parameter to be considered. It is the CP yield, which describes the overall and 

actual productivity of quality forage. Under high temperatures in the tropics, there is 

rapid growth and development of grasses resulting in a high rate of decline in the 

proportion of leaves in relation to stems which reduce CP content and digestibility. As 

Napier grass matured there was a decline in CP content and in-vitro OMD while the 

DM yield and detergent fibers increased (Van Soest, 1982). A decline in protein level 

has been reported as plant maturity advances (Seyoum et al., 1998). The increase in 

age in grasses is usually negatively associated with CP content and it has been 

recognized that the rate of decline in CP content in Napier grass is more rapid in stems 

than in leaves. The other studies also indicated that the CP content of herbaceous 

species is higher at early stage of growth than at maturity (Mahala et al., 2009). Low 

quality forages are defined as those with less than 80 g/kg DM CP (Leng, 1990) and 

such forage would adversely affect rumen microbial activity (Van Soest, 1982).  

 



[197] 

 

The IVOMD content showed significant (P<0.05) variation (Table 6). The IVOMD 

content of the accessions ranged from 488.0 to 534.7 g/kg DM with a mean of 507.4 

g/kg DM. Accordingly, accession 16783 had the highest IVOMD followed by 

accession 16794 (518.8 g/kg DM) and 16792 (515.2 g/kg DM) while the lowest was 

recorded for accession 16815. The digestible yield of the tested accessions also showed 

significant (P<0.05) variations (Table 6). The digestible yield of the accessions ranged 

from 2.2 to 5.4 t/ha with a mean of 3.6 t/ha. Generally, accession 16791 gave the 

highest digestible yield followed by accession 16819 (4.4 t/ha) and accession 16783 

(3.8 t/ha). On the other hand, the lowest digestible yield was recorded for accession 

16815. It is important to bear in mind that climate, soil fertility, cutting interval and 

other management practices have profound influence on chemical composition and 

digestibility of Napier grass. Voluntary intake, crude protein and structural 

carbohydrates mainly determine the nutritive value of forages. Digestible DM and CP 

content and the extent of degradation influence forage intake. The organic matter 

digestibility varies with the proportion of cell contents and cell wall constituents. The 

cell contents are digestible, while cell wall digestion depends on the degree of 

lignifications, the activity of rumen microbes and the time forage is retained in the 

rumen. The decline in digestibility as Napier grass matured may be attributed to the 

observed declines in CP content, and an increase in detergent fibers and degree of 

lignifications. According to Ducrocq and Duru (1997), DM digestibility of tropical and 

sub-tropical grasses tended to increase with water stress. Seasonal differences in 

digestibility of forages were reported to be caused by changes in temperature and water 

availability to the forage (Van Soest, 1982).  
 

Table 6. Ash (g/kg DM), CP (g/kg DM), IVOMD (g/kg DM) , CP yield (t/ha) and digestible yield 

(t/ha) of ten Napier grass accessions  

 

Accession Ash CP IVOMD CPY DY 

15743 133.7 57.7 497.4cd 0.4bc 3.7bc 

16783 153.6 63.7 534.7a 0.5ab 3.8bc 

16791 149.5 57.1 510.3bc 0.6a 5.4a 

16792 145.1 54.9 515.2abc 0.4bc 3.4bcd 

16794 147.7 59.0 518.8ab 0.4bc 3.6bcd 

16813 142.1 59.9 503.9bcd 0.3bc 2.8cd 

16815 133.6 50.6 488.0d 0.2c 2.2d 

16817 142.9 56.6 496.1cd 0.3bc 3.1bcd 

16819 147.9 52.5 496.1cd 0.5ab 4.4ab 

16984 149.4 60.5 512.0bc 0.4bc 3.7bc 

Mean 144.6 57.3 507.4 0.4 3.6 

SEM 0.17 0.17 0.20 0.06 0.17 

P-value 0.1388 0.7462 0.0074 0.0425 0.0161 

Means followed by different superscript letters within a column are significantly 

different each other at P<0.05 
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Fiber chemical compositions 

The NDF content of Napier grass showed significant (P<0.05) difference (Table 7). 

The result showed that the NDF content ranged from 728.5 to 785.7 g/kg DM with a 

mean of 770.0 g/kg DM. The highest NDF content was recorded for accession 16817 

followed by accession 16819 (785.5 g/kg DM) and accession 16815 (782.9 g/kg DM) 

whereas the lowest was recorded for check accession. The fiber content of a feed is 

particularly important for determining quality within the parameter of digestibility. 

Fiber is the structural part of plants, namely, components of the cell wall: soluble 

pectins, waxes, insoluble lignin, cellulose and hemicellulose (Van Soest, 1994). The 

content of NDF above 600 g/kg DM at which grasses are classified as poor quality 

while grasses with NDF content from 500 to 600 g/kg DM could be classified as of 

moderate quality (Van Soest, 1982). The decline in digestibility may have been mainly 

due to the fiber chemistry and anatomical structure of the cell wall rather than its 

content. The differences in solubility and potential degradation are dependent on the 

cellular structure of the components being degraded and on inherent attributes of the 

NDF and CP presents (Kaitho, 1997). Generally, tropical forages are more fibrous than 

temperate forages and a higher proportion of their nitrogen is not available to 

ruminants because it is bound within the indigestible vascular bundles (Van Soest, 

1982). 

 

The ADF content of Napier grass did not differ significantly (P>0.05), though the 

accessions showed variations (Table 7). The ADF content ranged from 461.4 to 496.9 

g/kg DM with a mean of 474.6 g/kg DM. The highest ADF content was recorded for 

accession 16794 followed by accession 16791 (492.8 g/kg DM) and accession 15743 

(479.5 g/kg DM) while the lowest was obtained from accession 16819. The nutrient 

composition of forage crops is variable depending on many factors such as genotypic 

characteristics, environmental conditions and harvesting stages of the plants (Lamb et 

al., 2006). High temperature and low rainfall tend to increase cell wall polysaccharides 

and then decrease the soluble carbohydrates (Pascual et al., 2000). Digestibility 

decreased with advancing age. This decline resulted from the interaction of factors 

such as increased fiber concentration in plant tissue, increased lignifications during 

plant development and decreased leaf to stem ratio. For forage ADF, the recommended 

minimum is 170- 210 g/kg DM, but as with NDF, a higher minimum is required for 

forage ADF depending on various factors that also affect NDF such as particle size, 

feeding methods, supplements and rate and extent of fermentability of fiber source 

(NRC, 2001). Forage with higher ADF, thus has lower cellulose digestibility in the 

rumen, thereby reducing the energy available to the lactating cow for milk production.  

 

The ADL content of Napier grass did not show significant (P>0.05) difference, though 

the content varied among the accessions (Table 7). The ADL content ranged from 53.0 
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to 86.4 g/kg DM with a mean of 70.4 g/kg DM. The highest ADL content was recorded 

for accession 16794 followed by check accession (85.1 g/kg DM) and accession 16792 

(84.4 g/kg DM) while the lowest was obtained for accession 16817. Lignin is a 

component, which attributes erectivety, strength and resistance to plant tissue thereby 

limiting the ability of rumen microorganisms to digest the cell wall polysaccharides, 

cellulose and hemicelluloses contents. Lignin content was reported by Van Soest 

(1982) to affect digestibility of forage more than any other chemical component. Van 

Soest (1982) reported a lignin content value above 60 g/kg DM to affect digestibility of 

forage negatively. Generally, the presence of insoluble fiber, particularly lignin, lowers 

the overall digestibility of the feed by limiting nutrient availability. The higher content 

of structural component (NDF, ADF and ADL) found during dry season might be due 

to high lignifications with the advanced stage of plant maturity (Hussain and Durrani, 

2009).  

 

The cellulose content of Napier grass did not show significant (P>0.05) difference, 

though the content varied among the accessions (Table 7). The result indicated that the 

cellulose content ranged from 378.9 to 425.6 g/kg DM with a mean of 404.2 g/kg DM. 

The highest cellulose content was recorded for accession 16791 followed by accession 

16817 (418.6 g/kg DM) and accession 15743 (412.9 g/kg DM) whereas the lowest was 

recorded for check accession. The content of cellulose is influenced by harvesting 

stage and morphological fractions (Fekede, 2004). The presence of cellulose limits the 

digestion of intact cell walls. While cellulose is composed of simple linear chains of 

glucose, the individual chains are very tightly packed into large fiber bundles that 

results in slower cellulose digestion by rumen microbes than digestion rates observed 

for hemicelluloses or pectin. However, all cell wall polysaccharides are completely 

degradable if non-lignified. The structural polysaccharides composed primarily of 

cellulose and hemicellulose is primary restrictive determinants of nutrient intake. The 

digestibility of forages in the rumen is related to the proportion and extent of 

lignifications. Lignin, which forms a complex with hemicellulose, also protects 

cellulose from enzymatic and microbial attack. 

 

The hemicellulose content of Napier grass did not show significant (P>0.05) 

difference, though the content varied among the accessions (Table 7). The 

hemicellulose content ranged from 264.5 to 324.0 g/kg DM with a mean of 295.4 g/kg 

DM. The highest hemicellulose content was recorded for accession 16819 followed by 

accession 16817 (314.2 g/kg DM) and accession 16815 (311.5 g/kg DM) whereas the 

lowest was recorded for check accession. The composition and content of cell walls are 

the key factors affecting herbage digestibility. Cell walls are predominately composed 

of cellulose, hemicellulose and lignin. This experiment confirms that, among the cell 

wall constituents, cellulose is the dominant followed by hemicellulose and lignin and 
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experiments reported by Diriba (2003) and Fekede (2004) also support this result. The 

higher hemicellulose content in the feed limits forage intake and digestibility, its 

content in the feed vary among morphological fractions (Fekede, 2004) and increased 

with advancing age of the pasture.  
 

Table 7. NDF, ADF, ADL, cellulose and hemicellulose contents of ten Napier grass accessions  

 

Accession Nutritional qualities (g/kg DM) 

NDF ADF ADL Cellulose Hemicellulose 

15743 767.7a 479.5 66.6 412.9 288.2 

16783 762.3a 467.7 56.9 410.8 294.6 

16791 778.4a 492.8 67.3 425.6 285.6 

16792 775.9a 475.5 84.4 391.0 300.4 

16794 771.8a 496.9 86.4 410.5 274.9 

16813 761.6a 465.1 64.7 400.4 296.5 

16815 782.9a 471.4 72.0 399.4 311.5 

16817 785.7a 471.6 53.0 418.6 314.2 

16819 785.5a 461.4 67.2 394.2 324.0 

16984 728.5b 464.0 85.1 378.9 264.5 

Mean 770.0 474.6 70.4 404.2 295.4 

SEM 0.22 0.28 0.24 0.30 0.28 

P-value 0.0044 0.6280 0.3170 0.6413 0.1457 

Means followed by different superscript letters within a column are significantly 

different each other at P<0.05 

 

Napier grass accessions respond differently for agronomic performance and nutritive 

values to Holetta environmental conditions. Measured traits such as plant survival rate, 

tillering performance, plant height, forage dry matter yield, leaf to stem ratio, number 

of node, internode length, chemical composition and in-vitro organic matter 

digestibility showed variations among the tested napier grass accessions. The result 

reveled that accessions 16817, 16984, 16791, 16813 and 16783 gave the highest 

number of tillers per plant, plant height at forage harvest, forage DM yield, leaf to stem 

ratio and CP yield respectively. This indicates that different accessions have different 

characteristics in terms of agronomic performance and nutritional qualities. 

Accessions, which had optimum quantitative and qualitative traits, should be selected 

for cultivation. Generally, accession 16791 gave the highest forage DM yield, CP yield 

and digestible yield thereby recommended for production and utilization at Holetta, in 

the central highland of Ethiopia.    
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Introduction  
 

Productivity of natural grazing lands in Ethiopia is declining from time to time and the 

area is steadily shrinking for various reasons mainly due to expansion of cropping land 

to feed the rapid increase of human population ((Alemayehu, 2005, EARO, 2000). 

Though the importance and pressure on the natural pasture is increasing, there is no 

significant attempt made to increase productivity and improve the management. 

Overstocking and overgrazing has resulted in serious land degradation, the 

disappearance of valuable species and the spread of unpalatable species (Lulseged and 

Alemu, 1985).  

 

Over sowing of forage crops specially legumes on natural pasture is one of the 

potential options to increase forage yield and quality obtained from the natural pasture. 

It is the simplest and lowest cost of forage development strategy (FLDP, 1989; 

Alemayehu, 2002. Legume establishment by over-sowing in natural pastures has not 

been successful in the cool highlands except Vicia dasycarpa that can readily establish 

and dominate the pasture within two to three years when allowed to set seed (EARO, 

2000.) Successful results were reported in humid and warmer mid altitude areas using 

forage legumes such as Stylosanthes guianensis, Disodium uncinatum, and 

Macroptilium atropurpureus when over- sown to burned native pasture (Alemu, 1990). 

Preliminary trials on over sowing suggested that poor seed soil contact accompanied 

with low soil surface temperature were the major factors that limited seed germination, 

and establishment of the over sown legumes (HARC, 1986).  

 

Coating forage seeds with animal manure could create conducive situation for seed 

germination and subsequent establishment on natural pasture, thereby increasing its 

productivity. Applying organic manure or chemical fertilizers is the most effective way 

to increase the amount of pasture and improve its quality. Small holders usually collect 

manure to use as fertilizer (MoA, 2005). This study was therefore, undertaken to 

examine the establishment, seed setting, shattering and further expansion of forage 

mailto:gezk2007@yahoo.co.uk


[204] 

 

legume in the pasture and to assess the productivity of natural pasture in response to 

different fertilizer levels. 

 

Materials and Methods 

 

Study sites 

Over sowing study was undertaken at Holetta research center, Adaberga sub-center and 

selected on-farm areas at Girar Jarso (North Shewa) and Tikurinchini (West Shoa). 

Holetta Research Center is located at some 30 km west of Addis Ababa along the main 

road to Ambo. It is situated at 93
0 

N latitude 38
0
30‟E longitude at an altitude of 

2,400masl. Meteorological data indicates that the center receives an annual rainfall of 

1000mm with the minimum and maximum temperature of 6
0
C and 22

0
C respectively. 

Adaberga is situated in west of Addis Ababa on 30 km North of Holetta town. It is 

located within coordinates of 09
0
 16‟N latitude and 38

0
 23‟E longitude with altitude of 

2,500m above sea level. The big Rain extends from June- September and small rain 

during the month of March and April that augment the big rains. Fertilizer trial was 

tested on a smallholder natural pasture at Tikur Inchini and Jeldu districts (West Shewa 

zone) on four smallholder farmers‟ land at each district. This study consists of two sets 

of experiment. The first experiment dealt with over-sowing of legumes on natural 

pasture and the second set was fertilizer application on natural pasture. 

 

Experiment 1. Over sowing of vetch on natural pasture 

Seeds of two vetch species (Vicia dasycarpa and Vicia villosa), were coated with cattle 

manure at the rate of 5 t/ha and uncoated using four seeding rates (0, 25, 50 & 75 

kg/ha). The vetch seeds were thoroughly mixed with wetted manure just before sowing 

so that the seed is well coated with the manure.  Manure coating was used as a 

mechanism to enhance the germination and establishment of the vetches on 

undisturbed natural pasture. The manure-coated seeds were sown broadcast at the onset 

of the main rainy season (late May-early June) on plots of 10m
2
 (2mx5m) areas. The 

design was 2*2*4 factorial with two replications. Broadcast sowing took place after 

commencement of the main rains to ensure that there is enough soil- moisture to 

sustain germination. 

 

Experiment 2. Fertilizer trial 

Four fertilizer levels: 23/23, 46/46, 69/0 (N/P205 kg/ha) and a control plot were used in 

a RCBD with three replications on plots of 25m
2 

(5m*5m). The study was conducted 

on four farmers‟ field each at Tikur Inchini and Jeldu respectively. Fertilizer was 

applied in July and harvested in October three months after fertilizer application. 
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Sampling Procedure 

The vegetation from each treatment was harvested using a quadrate of 0.25m
2 

(0.5m*0.5m) size during sampling. The material was harvested with a sickle at a height 

of 10cm above ground. The quadrate was randomly thrown three times per plot and the 

average weight of the three harvests per plot was used for the determination of pasture 

yield.  Following harvesting, the total fresh biomass was recorded in the field and 

about 500gm composite samples was collected in a plastic bag and brought to the 

laboratory. Then, about 300gm sample was weighed in a sensitive balance and put in a 

paper bag of known weight and dried at 65
0
c for 72 hours in a forced draft oven to 

determine the dry matter percentage. Forage dry matter yield per hectare was then 

determined as percent dry matter multiplied by fresh biomass ha
-1

 divided by 100 to get 

dry matter yield in tones ha.
 -1

     

 

Statistical Analysis 

Analysis of variance (ANOVA) procedures of SAS general linear model (GLM) was 

carried out to compare treatment means (SAS, 2002). Least Significant Difference 

(LSD) at 5% significance was used for comparison of means.  

 

Results and Discussion 

 

Botanical composition 

Botanical composition refers to the proportion of grass legumes and other forage 

species biomass in a given area. The botanical composition of natural pasture 

grasslands varies depending on topography, climate and soil type (Skerman, 1977). 

Natural pastures in the highland areas has relatively high proportion of grass and 

legume species, but the proportion of legumes decline with deceasing altitude 

(Alemayehu,1985). The dominant pasture species on natural pasture in the study areas 

include Hypparhenia rufa, Andropogon abysinicus, Pennisetum, Sporobolus, Cynodon, 

Setaria, and Eragrostis.  Legumes present were Trifolium tembense, T. rueppellianum 

and T. Simense. The predominant weed species were Cyprus/ Sedge spp., Commelina 

spp. Rumex spp. and Bidens spp. that are common to these seasonally waterlogged 

areas. Most forage species identified in this study had similarities with previous reports 

on forage species composition in the highlands of Ethiopia indicating that the 

highlands are rich in pasture composition, particularly indigenous grass and legumes 

(Alemayehu, 1987; kidane, 1993; Adane, 2003; Yihalem, 2004). Alemu and Lemma, 

1993 stated that different grasslands contain different types of grasses, legumes and 

other herbaceous species. Knowledge of botanical composition of different grasslands 

helps to develop appropriate systems for pasture improvement intervention studies.      
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Experiment 1. Over sowing of vetch on natural pasture 

First year  

 Mean plant count of both Vicia dasycarpa and V. villosa was significantly increased 

with the increase of seeding rate. However, there was no significant difference in plant 

count between the two vetch species (Table1). In forage sampling, it has indicated that 

manure coating of vetch seed has increased the dry matter yield of total herbage in 

plots of both coated Vicia species than uncoated vetches. Vicia dasycarpa showed a 

significant yield difference between seeding rates, which indicates 25 kg/ha produced 

better forage dry matter yield whereas V. villosa showed no significant difference 

between different seeding rates of Vetch. Both at Adaberga and Girar Jarso, 

insignificant or no vetch seedling was observed as it was overtaken by the vigorous 

growth of native pasture and also problem of waterlogging conditions at the study sites 

and no yield data was taken. At Tikur Inchini (West Shewa), the emergence of the over 

sown vetch species was encouraging. Visual assessment score of vetch seedling growth 

in the pasture was taken from 0-5 (Table 3). In general, there was no significant 

difference in mean score between seeding rates for both species and between species.  
         

  Table 1. Seedling count (m2)* of Vetch species over-sown on natural pasture with or without 

manure coating at Holetta 

 

Vetch seed rate 

(kg/ha) 

Vetch species and manure coating Mean 

Vicia  dasycarpa Vicia  villosa 

coated uncoated coated uncoated V. dasycarpa V. villosa 

25 41a 24b 27a 27b 33b 27b 

50 57a 40b 49a 67a 49ab 58a 

75 80a 61a 53a 70a 71a 62a 

Mean 59 42 43 55 51 49 

CV% 52.9 27.8 35.7 19.2 41.8 27.8 

LSD 100.5 16.0 49.0 33.6 33.9 21.7 

*The seedling count recorded from (0.25m*0.25m) *5 = 0.3125m2 is converted to 1m.2 

Means with different letters in a column differ significantly (P ≤ 0.05) 

 

Table 2.  Herbage dry matter yield (t/ha) of natural pasture over-sown with two vetch species with or 

without manure coating at Holetta 

 

Vetch seed 

rate  (kg/ha) 

Vetch species and manure coating Mean 

Vicia dasycarpa Vicia villosa 

Coated uncoated coated uncoated V. dasycarpa V. villosa 

0 6.43a 5.13b 6.62a 6.17a 5.78b 6.39a 

25 6.56a 7.36a 6.97a 7.86a 6.97a 7.41a 

50 5.66a 5.61b 7.72a 6.19a 5.63b 6.95a 

75 5.51a 5.20b 10.47a 6.82a 5.35b 8.65a 

Mean 6.04 5.82 7.94 6.76 5.93 7.35 

CV% 9.5 10.8 29.9 35.8 10.1 30.9 

LSD 1.59 1.74 6.53 6.71 0.98 3.51 

   Values in a column and means in a row with the same letter do not differ significantly (P ≤ 

0.05) 
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Table 3.  Visual assessment score (0-5) of the survival rate of vetch species over sown to natural 

pasture with or without manure coating at Tikurinchini 

 

Vetch seed rate 

(kg/ha) 

Vetch species and manure coating Mean 

V. dasycarpa V. villosa 

Coated uncoated coated uncoated V. dasycarpa V. villosa 

25 3.5a 2.0c 3.5a 3.0a 2.7a 3.2a 

50 3.5a 4.0b 3.5a 3.5a 3.7a 3.5a 

75 1.5a 5.0a 3.0a 4.0a 3.2a 3.5a 

Mean 2.8 3.7 3.3 3.5 3.2 3.4 

CV% 47.8 0 71.4 26.1 46.1 44.4 

LSD 4.31 0 7.57 2.91 2.40 2.43 

                   Within columns and rows, means with the same letters do not differ significantly (P ≥ 0.05) 

 

Second year 

The result obtained on over sowing at Holetta in the first year was satisfactory. The 

activity was continued at the remaining three sites for more information. At Adaberga 

and North Shoa, no yield data was recorded due to the failure of seedling growth 

because of continuous grazing and high waterlogging problem. At TikurInchini, Vicia 

species was germinated and herbage yield sampled at harvest. Pasture over sown with 

Vicia villosa gave 5.75 t/ha and that with V. dasycarpa produced 5.48 t/ha (Table4). 

Manure coating with V. villosa produced better mean dry matter yield than V. 

dasycarpa. 
 

Table 4.  Forage dry matter yield (t/ha) of natural pasture over-sown with two vetch species   with or without 

manure coating inTikur Inchini. 

 

Vetch seed rate 

(kg/ha) 

Vetch species and manure coating Mean 

Vicia dasycarpa Vicia villosa 

coated uncoated coated uncoated V. dasycarpa V. villosa 

0 4.96a 6.10a 6.09a 5.40a 5.53a 5.74a 

25 5.70a 5.61a 5.15a 5.25a 5.65a 5.20a 

50 5.45a 5.26a 5.79a 5.73a 5.35a 5.76a 

75 4.69a 6.11a 6.72a 5.89a 5.40a 6.30a 

Mean 5.20 5.77 5.94 5.56 5.48 5.75 

CV% 16.9 6.9 15.4 13.1 14.0 13.0 

LSD 2.45 1.11 2.54 2.03 1.18 1.15 

                        Values in columns and mean in a row with the same letters do not differ significantly (P ≥ 0.05) 

 

Third year 

The over sowing study was tested at Farmers Training Center (FTC) which had better 

drainage. The trial was conducted at both Girar Jarso (North shewa) and Tikur Inchini 

(West shewa). Quadrat sampling was taken for dry matter yield. Manure coating of 

legumes has improved the dry matter yield of total herbage in both Vicia species at 

both testing sites even though the difference was not significant (Tables 5 and 6). 

Forage dry matter yield of natural pasture at North shewa was higher (5.24 t/ha) than at 
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Tikur Inchini (2.79 t/ha). This variation may be due to the grass species growing in the 

area and the nature of the soil. It could also be due to the variation in rainfall amount 

and pattern between the two districts. It is indicated by Alemayehu (2002) that because 

of the low input nature of this strategy, incremental forage yields are not large but the 

natural seeding ability gradually colonize common areas and improve the overall 

species composition available for grazing. Farmers training Center (FTC) is a well-

drained and protected area from livestock. This could be the reason for better legume 

establishment and high productivity of the pasture. However, the farmers at both 

districts have used this trial area for other purpose before we arrive at a conclusion of 

the experiment. Hence, it was not possible to retain the plots for further observation 

which was expected from the over sown legumes for seed setting, shattering their seeds 

and further expansion in the pasture area for the improvement of yield and quality. 
 

Table 5.  Forage dry matter yield (t/ha) of natural pasture over-sown with two vetch species with or without 

manure coating in Girar Jarso 

 

 

Vetch seed 

rate (kg/ha) 

Vetch species and manure coating  

Mean V. dasycarpa V. villosa 

coated uncoated Coated uncoated V. dasycarpa V. villosa 

0 5.39a 5.04a 4.27b 4.66a 5.21ab 4.47a 

25 4.65a 4.27a 5.40ab 6.29a 4.46b 5.85a 

50 6.23a 5.64a 4.89b 5.02a 5.94a 4.95a 

75 5.58a 5.29a 6.54a 4.61a 5.44ab 5.58a 

Mean 5.46 5.06 5.28 5.15 5.26 5.21 

CV% 17.9 10.3 9.4 24.6 13.0 19.2 

LSD 2.72 1.45 1.37 3.52 1.05 1.54 

       Means with different letters differ significantly (P ≤ 0.05) 

 

Table 6.  Forage dry matter yield (t/ha) of natural pasture over-sown with two vetch species with   or 

without manure coating in Tikur Inchini 

 

Vetch seed rate 

(kg/ha) 

Vetch species and manure coating Mean 

Vicia dasycarpa Vicia villosa 

Coated uncoated Coated uncoated V. dasycarpa V. villosa 

0 3.01a 2.27a 3.34a 2.15b 2.65a 2.74a 

25 2.66a 3.18a 3.02a 1.84b 2.92a 2.43a 

50 3.17a 2.41a 3.45a 2.01b 2.79a 2.73a 

75 3.22a 1.81a 3.10a 4.02a 2.52a 3.56a 

Mean 3.02 2.42 3.23 2.5 2.72 2.86 

CV% 18.5 34.4 16.9 18.5 28.7 28.2 

LSD 1.55 2.31 1.51 1.29 1.20 1.24 

        Means with different letters in a column differ significantly (P ≤ 0.05) 

 

Experiment 2. Fertilizer trial on natural pasture 

Mean forage yield produced at Jeldu is comparatively higher than produced at Tikur 

Inchini. The overall mean yield of natural pasture at the two locations was 5.78 t/ha 

dries matter. The control plots produced less than average (4.54 t/ha). The mean dry 
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matter yield of natural pasture received fertilizer ranges from 5.99 - 6.37 t/ha. Fertilizer 

application has significantly improved the mean yield of natural pasture over the 

control, but there is no difference between different application levels (Table 7). This 

finding was in line with the work reported by Adane, (2003) that the application of 

fertilizer on natural pasture has been clearly shown to improve the yield of herbage. 

Moreover, fertilizer not only increase yield but also influence species composition of 

natural pasture. Therefore, according to Daniel, 1987, application of phosphorus alone 

increases percentage of legumes while heavy application of nitrogen encourages 

grasses by suppressing legumes. Hence, it is important to use both types of nitrogen 

and phosphorus to achieve a balance between grasses and legumes of the pasture. 
 

Table 7. Dry matter yield (t/ha) of natural pasture using different fertilizer levels in 

Jeldu and Tikur Inchini 

 

Fertilizer levels 

(N/P2O5/ha) 

Mean DMY of four farmers Overall mean 

Tikurinchin Jeldu 

23/23 5.11a 7.36a 6.24a 

46/46 5.03a 6.95a 5.99a 

69/0 5.62a 7.12a 6.37a 

Control 3.82b 5.26b 4.54b 

Mean 4.89 6.67 5.78 

CV% 23.6 29.5 27.3 

LSD 0.95 1.63 0.90 

                                           Means with different letters in a column differ significantly (P ≤ 0.05) 

 

Over sowing - From this study, it has been proved in the research center that the 

technology is working perfectly if the pasture area is well drained, properly managed 

and can be enclosed at least for two years for the growth and subsequent expansion of 

the over sown legumes through seed setting and shattering. Protection from grazing 

during flowering and seed setting in the first year is very crucial. However, it was not 

adopted on farm due to waterlogging of the pasture land, the prevailing communal free 

grazing practice and improper management of the pasture. Concerning the use of 

fertilizer, it was understood that many farmers realized the importance of fertilizer to 

their pastureland, however, they are reluctant to use it due to the high cost of fertilizers 

and the problem of transporting the manure to pasture fields. Hence, for the current 

study, the minimum level of 23/23 (N/P205) kg/ha fertilizer is recommended based on 

the findings and taking in to account the purchasing capacity of the smallholder 

farmers. For successful result, Provision of strong extension services, training farmers 

about pasture improvement and management systems, and policy intervention on 

livestock production and land use systems is very important. 
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Introduction 
 

Gastrointestinal parasite infections are a worldwide problem for both small- and large-

scale farmers, but their impact is greater in sub-Saharan Africa in general and in 

Ethiopia in particular due to the availability of a wide range of agro-ecological factors 

suitable for diversified hosts and parasite species (Lebbie et al., 1994). Full 

exploitation of cattle potential is mainly constrained and impeded largely by parasitic 

diseases (Sintayehu, 1999; Ayele et al., 2003; Zegeye, 2003). Endo-parasites include 

the protozoa and helminthes, and the helminthes comprises trematodes, cestodes and 

nematodes. In general, these parasites affect the health of animals and their 

productivity. Even though, the low productivity is due to a number of quantitative and 

qualitative factors including deficiencies in the feed resource base, poor animal 

performance level and insufficient knowledge on the dynamics of the different types of 

farming systems. 

 

diseases are also considered greatly (Plaizier, 1993) of which parasite diseases cause 

losses through lowered fertility, reduced working capacity, involuntary culling, a 

reduction in feed intake, lower weight gains, lower milk production, treatment costs, 

and mortality in heavily parasitized animals (Mcleod, 1995). They also decrease 

resistance to diseases and even cause severe mortality, leading to heavy economic 

losses (Terbalanche, 1979).  

 

Muhammad et al., 2010, has reported prevalence of GI helminthes ranging from 0.7 to 

84.1% and risk factors influencing the prevalence. The prevalence of parasites, the 

genera of helminthes involved, species and the severity of infection also vary 

considerably depending on local environmental conditions and management practices 

(Barger, 1999; Kassai, 1999). It is also related to the agro-climatic conditions like 

quantity and quality of pasture, temperature, humidity and grazing behavior of the host 

(Pal and Qayyum, 1993). However, they have different impacts according to 

production system, management and geo-climatic conditions (Kennedy and Harnett, 

2001). No previous attempt has been made to study the prevalence of gastrointestinal 

helminthes infections in order to devise appropriate parasite prevention and control 

options on Jersey breed dairy cattle at Adea berga dairy farm. Thus, this study was 
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conducted to identify the magnitude of parasite infection in the area and to design 

possible control and preventive strategies.   

 

Materials and Methods 

 

The study area 

The study was conducted at Adea berga dairy farm which is found in Adea berga 

district, west Shewa Zone of oromiya region, Ethiopia, located at 9
0
 16‟N latitude and 

38
0
 23‟E longitude. In this district, the rainfall pattern is bimodal, with a short rainy 

period from March to May and a long rainy season extending from June to September. 

The annual temperature and rainfall ranges from 18°C to 24°C and 1000 to 1225 mm, 

respectively. The farm has a total area of about 496 ha most of which is used for 

grazing and hay production. The whole pasture land is protected from grazing during 

the rainy season for hay production. The farming system is semi intensive where the 

animals pass their time mostly by grazing and practice also fed indoor. 

 

Study design 

The study was conducted on Jersey breed dairy cattle which included calves (6 months 

to one year old), heifers and bulls (one year to two years old), as well as milking and 

dry cows over two years old.  

 

Both analytical and experimental study types were implemented. For the analytical 

study, a longitudinal study design was conducted for three years in which Jersey breed 

dairy cattle  composed of calves of 6 month to one year old, heifers and bulls from one 

year to two years old, as well as milking and dry cows over two years old were 

included. The examined animals had not been given anthelmintic drugs at least one 

month before collection of samples. Fecal samples from all selected animals were 

collected on quarterly basis (from 1
st 

July 2011 to 30
th
 June 2013) and the division of 

the quarter or season was 1
st
 from July to September (Kiremt), 2

nd
 from October to 

December (Tsedey), 3
rd

 from January to March (Bega), and 4
th
 from April to June 

(Belg) in order to determine seasonal prevalence. 

 

For the experimental study, the same groups of animals were considered during Belg, 

Kiremt and Tsedey seasons. One deworming strategy (every three month or quarterly 

deworming) and two management practices (intensive and semi intensive) were 

followed. Twelve animals from each category were assigned as a treatment group (6 

animals) and control groups (6 animals). Initial (zero treatment) at the end of Belg 

season for both treatment and control group and after three month of first deworming 

in the middle of kiremt and second deworming in the middle of Tsedey season was 
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used for the treatment groups. A coprological examination was conducted for both 

treatment and control groups every three months at both management practices to 

select the best control option.  

  

Sampling technique and sample size determination 

For the longitudinal study, purposive sampling method was used to purposively select 

the animals by grouping them in five categories. All animals in the farm within their 

respective categories were considered and proper sampling procedure was followed 

throughout the study period. An average number of 419 animals were examined per 

year. In the experimental study, all animal categories in the farm were included except 

bulls due to their absence in the farm during the experiment. Tweleve animals (6-

control group and 6 treatment groups) were assigned from each category under each 

management system. 

  

Sample collection, storage and processing 

Fecal samples were collected per rectum using plastic gloves in a sterile bottle. All the 

specimens were clearly identified, labeled, kept in an icebox and were submitted to 

Holeta Agricultural Research Center, Veterinary Parasitology Laboratory and stored at 

4°C until processed. Fecal samples were processed and examined in laboratory using 

both qualitative and quantitative techniques. Nematode eggs were detected by 

floatation technique in saturated NaCl solution while Trematode eggs were examined 

by sedimentation methods. Fasciola species and Paramphistomum species eggs were 

distinguished or identified by their morphological and colour differences. Strongly 

positive fecal samples were subjected to modified McMaster egg counting technique 

and the degree of infection was determined according to Soulsby (1982), Urquhart et 

al., (1996) and Maff (1997). The animals were then categorized as lightly or 

moderately infected according to their egg counts per gram (EPG) of faces.  Egg 

counts between 100 and 250 and >250 EPG of feces were considered as light and 

moderate degree of infection, respectively (Soulsby, 1982; Urquhart et al., 1996; Maff, 

1997).  

 

Data analysis 

Data was entered into Ms Excel sheet 2007 and analyzed using statistical software 

package IBM SPSS for windows Version 20 where descriptive statistics was used to 

determine the prevalence rate while Chi-Square (x2) test was employed to measure 

association between the parasitism and animal category, season and year.  EPG were 

determined with respective standard deviation of mean in each year. The prevalence 

was calculated by dividing the number of animals harboring a given parasite by the 

total number of animals examined and confidence interval was determined at 95 % and 

P<0.05 for significance level. 
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 Results and Discussion 

 
Out of 1258 fecal samples examined, only 998 (79.3%) were shedding helminth eggs 

(Table 1). Akataruzzaman et al., (2013), reported very closer result (76.93%) on cross 

breed dairy cattle in Bangladish and almost similar result (82.8%) was reported by 

Etsehiwott (2004) in a study conducted on dairy cattle farms at Holetta. In this study, 

the overall seasonal GIT parasite  prevalence encountered during Bega, Belg, Kiremt 

and Tsedey was 17.4%, 19.2%, 19.6% and 22.7%, respectively which showed 

significant difference (p<0.05) with an increasing pattern from season to season. This 

study also illustrated high prevalence rate of GIT parasites in the year 2011, 2012 and 

2013 during Belg, Kiremt and Tsedey seasons, respectively (Table 1). Shirale et al., 

(2008), Robert (1998), reported similar result, Jelalu, and Yitagel (2013) in the rainy 

season, which represents kiremt season in the case of the present study. However, the 

rate did not coincide with the first previous authors who have encountered a prevalence 

of 91.2% in rainy season followed by 69.5% in winter and 40.91% in summer seasons. 

  

An overall prevalence rate of GIT parasite during the years 2013, 2011 and 2012 was 

95.1%, 76.31%, and 72.1%, respectively. The present result is higher than the values 

reported in Gedenano Gutazer in Western Oromia (69.6%) (Fikru et al., 2006) and 

Welene district (39.6%) in studies conducted on cattle (Jelalu and Yitagel, 2013). This 

difference might be due to the difference in the ecology, season, management system 

and sample size. 
 

               Table 1. Overall seasonal GIT parasite prevalence by year and season (%) 

 

Year Total 
examined 

Positive Season P-
value Bega 

(dry season) 
Belg 

(Short rains) 
Kiremit 

(Main rainy season) 
Tsedey 

(early dry season) 

2011 474 362 18.1 (n=86) 20.8 (n=99) 19.4 (n=92) 17.9 (n=85)  
 

0.000 
2012 477 344 17.6 (n=84) 18.0 (n=86) 20.9 (n=100) 15.5 (n=74 ) 

2013 307 292 16.2 (n=50) 18.5 (n=57) 17.9 (n=55) 42.3 (n=130) 

Overall 1258 998 17.4 (N=220) 19.2 (N=242) 19.6 (N=247) 22.7 (N=289)  

 

Oesophagostomum species (64.9%) followed by Fasciola species (3.8%), Ascaris 

species (2.7%), Coccidia species (2.2%) and Paramphystomum species (0.3%) were 

the most prevalent parasite species encountered in the present study.  Furthermore, 

2.3%, 1.0% and 0.1% prevalence with a mix of more than 3, 3 and 2 parasites species 

respectively were also rerecorded in the present study (Table 2).  

 

In comparison to the present finding, Adem and Anteneh (2013) reported lower 

prevalence of Oesophagostomum species (11%). On the other hand, higher prevalence 

than the present study was reported by Yemeserach and Mekonen (2012), Tigist, et al., 

(2012), Das, et al., (2010) and Akataruzzaman et al., (2013) for Fasciola species 
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(39.8%), Ascaris species (57%), Coccidia species (4.5%) and for Paramphystomum 

species (8.3%), respectively.  In addition Tigist et al., (2012) reported higher mixed 

parasite infection rate than the current study while Cheru et al., (2013) and Adem and 

Anteneh (2013) reported a mixed infection by more than one parasite and mixed 

infection by two parasites respectively.  

 

The present study also showed the highest overall prevalence by Oesophagostomum 

species, Ascaris species and Paramphystomum species in Tsedey, Coccidia species in 

Belg and Fasciola species in kiremit. With regard to Fasciola species similar result 

was reported by Jithendran and Bhat (1999) who reported that Fasciola is endemic 

throughout the year while nematode and other fluke parasite‟s prevalence rate with 

small pick was observed in March to April and high pick in July to September.  Our 

finding is in agreement with the report of Waruiru et al., (2000) who indicated higher 

prevalence of coccidia infection in wet season than the dry season.  

 

The current finding disagrees with the report of Shirale et al., (2008) in terms of the 

occurrence of Oesophagostomum species, Ascaris species and paramphystomum 

species that the highest pick was observed in wet season and the general occurrence of 

GIT parasites in rainy season.  The study also showed significantly (P<0.05) high 

overall infection rate by Oesophagostomum species in all seasons and the lowest 

infection rate by Ascaris species in Bega and Paramphystomum species  in Belg, 

Kiremt and Tsedey (Table 3). 
 

      Table 2. Number of positive animals and overall prevalence of parasites (%) 

 

variable Year  

2011 2012 2013 Overall 

Total examined 474 477 307 1258 

Total positive 76.3 (n=362) 72.1(n=344) 79.3 (n=292 79.3 (N=998) 

Coccidia species 2.5 (n=12) 1.8 (n=9) 2.2 (n=7) 2.2 (N= 28) 

Fasciola species 3.7 (n=18) 4.6 (n=22) 2.9 (n= 9) 3.8 (N=49) 

Mix of > three parasites 2.9 (n=14) 1.4 (n=7) 2.6 (n=8) 2.3 (N=29) 

Mix of three parasites 1.8 (n=9) 0.4 (n=2) 0.6 (n=2) 1.0 (N= 13) 

Mix of two parasites 0.2 (n=1) 0 0 0.1 (N=1) 

Oesophagostomum species 59.1 (n=280) 59.1 (n=282) 83.0 n=255) 64.9 (N= 817) 

Unidentified nematode 2.5 (n=12) 2.1 (n=10) 0 1.7 (N= 22) 

Paramphystomum species 0.8 (n=4) 0.2 (n=1) 0 0.3 (N=5) 

Ascaris species 2.5 (n=12) 2.3 (n=11) 3.5 (n=11) 2.7 (N= 34) 

P-value 0.013 

 

In the present study, the overall high prevalence rate of GIT parasites was encountered 

on different cattle groups‟ viz., milking cows (91.6%), calves (81.8%), bulls (75.8%), 

heifers (74%) and dry cows (71.85%) in a decreasing order (Table 4). Even though 

lower rate than our finding in milking cows, Sathaporn et al., (2011) reported higher 

parasite infection ranging from 41% to 51.4% on cows compared to the young heifers 
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(33.8%). The current result is also in agreement with Das et al., (2010) who indicated 

higher prevalence on animals over 4 years of age than below 4 years of age. 

Nevertheless, Tigist et al., (2012), reported higher infection of nematode in calves 

(41.3%) than in young (34.34%) and in adult (23.07%) cattle. However, the rate did 

not coincide with our finding. In addition, Adem and Anteneh (2010) reported lower 

prevalence of GIT parasite than our finding on calf (18%), heifer (57%) and on adult 

cattle (62%). Maximiliano et al., (2012) indicated that young animals are generally 

more susceptible to helminthes; however, adult animals may be involved in situations 

such as post-partum and in association with stress conditions. 
                      

                           Table 3.  Number of positive animals and overall prevalence of parasites by season (%) 

 

Variable/Parasite Season 

Bega Belg Kiremit Tsedey 

Coccidia species 3.6 (n=8) 5.0 (n=12) 0.8 (n=2) 2.1 (n=6) 

Fasciola species 5.0 (n=11) 5.4 (n=13) 9.3 (n=23) 0.7 (n=2) 

Mix of > three parasites 3.6 (n=8) 1.2 (n=3) 5.3 (n=13) 1.7 (n=5) 

Mix of three parasites 1.4 (n=3) 0.4 (n=1) 2.8 (n=7) 0.7 (n=2) 

Mix of two parasites 0.5 (n=1) 0 0 0 

Oesophagostomum species 84.5 (n=186) 82.6 (n=200) 72.5 (n=179) 87.2 (n=252) 

Unidentified nematode 0 3.7 (n=9) 4.0 (n=10) 1.0 (n=3) 

Paramphystomum species 0.9 (n=2) 0 0.4 (n=1) 0.7 (n=2) 

Ascaris species 0.5 (n=1) 1.7 (n=4) 4.9 (n=12) 5.9 (n=17) 

Total 100 (N=220) 100 (N=242) 100 (N=247) 100(N=289) 

P-value 0.000 

 

              

                           Table 4. Overall and annual GIT parasite prevalence by animal category (%) 

 

Animal category No examined 2011 2012 2013 No of positive P-value 

Bull 281 22.7 (n=64) 23.8 (n=67) 29.1 (n=82) 75 (n=213)  
 

0.000 
Calf 187 25.1 (n=47) 24.1 (n=45) 32.6 (n=61) 81.8 (n=153) 

Dry cow 270 27.4 (n=74) 24.4 (n=66) 20 (n=54) 71.8 (n=194) 

Heifer 220 25.9 (n=57) 28.6 (n=63) 19.5 (n=43) 74 (n=163) 

Milking cow 300 40 (n=120) 34.3 (n=103) 17.3 (n=52) 91.2 (n=275) 

Overall 1258 28.7 (N=362) 27.3 (N=344) 23.2 (N=292) 79.3 (N=998) 

 

In the present, study the highest infection by Coccidia species (35.9%), Fasciola 

species (7.7%), Oesophagostomum species (75%), Paramphystomum species (4.2%) 

and Ascaris species (7.7%) was observed on dry cow, heifer, milking cow and bull, 

respectively. Lower infection by the respective parasites with the prevalence of 1.4%, 

0.3%, 56.8%, 0.3% and 1.6% was observed on bull, milking cows, heifer, dry cows 

and calves, respectively. However no significant difference (p<0.05) (0.0317) was 

observed within animal category in case of Fasciola species infection. The lower 

number of calves infected with Fasciola and Paramphistomum could probably be due 

to the opportunity of exposure to the intermediate hosts (Vassilev, 1994, 1999; 

Pfukenyi et al., 2005). It may also be due to the management system, whereby calves 

grazed around farms, whereas adults trekked long distances and graze on swampy 
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areas during the dry season, which exposes them to contaminated pastures. This higher 

proportion of flukes in adults than young animals confirms earlier observations 

(Maingi et al., 1993; Mbae et al., 2004; Pfukenyi et al., 2005). On the other hand, the 

highest mixed infection by more than three (12.2%), three (3.7%) and two (0.5%) 

parasites was observed on heifer, calf and again calf respectively while the least 

infection rate by respective infection types was observed on milking cows (4.6%), 

again milking cows (0.6%) and on all except calves (0.5%), respectively. 

 

In the present study, highest infection by Coccidia species (35.9%), Fasciola species 

(7.7%), Oesophagostomum species (75%), Paramphystomum species (4.2%). 

 

Besides, Ascaris species (7.7%) was observed on dry cows, heifers, milking cows, 

bulls and heifer, respectively and the lower infection by the respective parasites at 

1.4%, 0.3%, 56.8%, 0.3% and 1.6% was observed on bulls, milking cows, heifers, 

milking cows and calves, respectively. On the other hand, the highest mixed infection 

by more than three (12.2%), three (3.7%) and two (0.5%) parasites was observed on 

heifers, calves and again calf, respectively while the least infection rate by respective 

infection types was observed on milking cows (4.6%), again milking cows (0.6%) and 

on all except calf (0.5%) (Table5). 

 

In the current study, 99.2 to 100% positive animals in the different study years 

presented light degree of infection with an overall mean EPG value of 102.98+ 84.505 

(Table 6). Our result is in agreement with Fikru et al., (2006) who in their study 

reported that high proportion (77.3%) of the study animals had low EPG compared to 

the moderate to severe EPG (22.7%). However, our finding is not in agreement with 

Hayilu et al., (2011) who reported a moderate degree of infection of gastrointestinal 

parasite with EPG of 319.9 + 62.3. In the case of our finding, the reason why the 

majority of the animals showed light infection can be associated with the presence of 

large number of adults from the sampled animals. Kloossterman et al., (1991) and 

Ploeger et al., (1994) reported that age has an effect on responsiveness or to the 

development of immunity causing lower worm fecundity in adult animals. 

Furthermore, the low infection intensity indicates the low transmission and subclinical 

condition of helminthes parasites of gastrointestinal tracts in dairy farms and animals in 

the farm. According to Maximilano et al., (2012), for mild (light) degree of infection 

treatment is not recommended due to low impact of this type of infection. 
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Table 5.  Overall prevalence (%) of GIT parasites by animal category 

 

Parasite  Bull Calf Dry cow Heifer Milking cow P-value 

Coccidia species 1.4 (n=4) 10.3 (n=4) 35.9 (n=14) 28.2 (n=11) 15.4 (n=6) 0.023 

Fasciola species 3.5 (n=10) 5.8 (n=11) 5.1 (n=14) 7.7 (n=17) 0.3 (n=1) 0.317 

Mix of > 3 parasites 14.9 (n=42) 10.6 (n=20) 16.6 (n=45) 12.2 (n=27) 4.6 (n=14) 0.004 

Mix of three parasites 1.4 (n=4) 3.7 (n=7) 1.8 (n=5) 1.3 (n=3) 0.6 (n=2) 0.059 

Mix of two parasite 0 0.5 (n=1) 0 0 0 - 

Oesophagostomum spp 57.2 (n=161) 72.7 (n=136) 58.8 (n=159) 56.8 (n=125) 75 (n=255) 0.000 

Unidentified nematode 7.4 (n=21) 1.6 (n=3) 2.2 (n=6) 0.4 (n=1) 13 (n=40) 0.795 

                  

                         

                         Table 6.  Annual and overall mean of EPG values 

 

Year N Mean Std. 
Deviation 

Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

2011 474 102.85 89.557 4.113 94.77 110.93 

2012 477 91.93 86.133 3.944 84.18 99.68 

2013 307 120.36 70.020 3.996 112.49 128.22 

Total 1258 102.98 84.505 2.383 98.31 107.66 

 

 
Table 7.  Risk factor analysis for parasite prevalence 

 

Effect DF Chi-Square Pr > ChiSq 

Year 2 38.7780 <.0001 

Season 3 46.8158 <.0001 

Animal category 4 40.1044 <.0001 

 

The present study has shown that age group, season and year had significant (P<0.05) 

effect on the prevalence of GIT parasites even though Belg, calf and heifer did not 

affect the prevalence significantly (Tables 7 and 8).  Previous studies (Fikru et al., 

2006; Getu et al., 2012; Jelalu and Yitagel, 2013) indicated that season and age, age 

and season and age group respectively were important risk factors for helminthes 

parasite infection. 

 

No significant (p<0.05) difference was observed in the overall prevalence of GIT 

parasite with regard to the control and treatment groups under the two management 

practices in the current study. The overall prevalence of GIT parasites in the control 

group at zero treatment, in the second quarter, and the third quarter were 48.9%, 59.1% 

and 72.2%, respectively while prevalence rates of 51.1%, 40.9% and 27.8% were 

observed at zero treatment, after first deworming and after second deworming, 

respectively for the treatment group. There was a decreasing pattern in the prevalence 

of GIT parasites in the treatment group than the control group in the subsequent 

quarters and in the intensive management practice than the semi intensive management 
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practices. However, the difference was not significant (P>0.05) among the treatment 

and control groups.  
                         Table 8. Risk factor analysis for parasite prevalence 
 

Parameter DF Estimate Error Chi-Square Pr > ChiSq 

Intercept 1 2.8415 0.2291 153.8599 <.0001 

Year      

2011 1 -1.1981 0.2152 31.0074 <.0001 

2012 1 -1.2421 0.2117 34.4169 <.0001 

Season      

Bega 1 1.9479 0.3472 31.4725 <.0001 

Belg 1 -0.2384 0.1753 1.8482 0.1740 

Kiremit 1 -1.0107 0.1580 40.9228 <.0001 

Animal category      

Bull 1 -0.2933 0.1520 3.7223 0.0537 

Calf 1 -0.2541 0.1839 1.9090 0.1671 

Dry cow 1 -0.4942 0.1439 11.8002 0.0006 

Heifer 1 -0.1984 0.1609 1.5201 0.2176 

 
             Table 9.   Prevalence (%) of GIT parasites at three month deworming strategy and two management practice 
 

Parasitological 
examination time 

Treatment Deworming every 3 
months + intensive 

management 

Deworming every 3 
months + semi 

intensive management 

Over all 
prevalence 

 
P-value 

At zero treatment Control  50 (n=10) 48.1 (n=13) 48.9 (n=23) 
0.9 

Treatment  50 (n=10) 51.9 (n=14) 51.1 (n=24) 

After first 
deworming 

Control  77.8 (n=7) 46.2 % (N=6) 59.1 (n=13) 
0.138 

Treatment  22.2 (n=2) 53.8 (n=7) 40.9 (n=9) 

After second 
deworming 

Control 83.3 (n=5) 66.7 (n=8) 72.2 (n=13) 0.43 

Treatment  16.7 (n=1) 33.3 (n=4) 27.8 (n=5) 

                             

 

This study revealed that the most prevalent GIT parasites affecting Jersey dairy cattle 

at Adea berga dairy farm were Oesophagostomum species followed by Fasciola 

species, Ascaris species, Coccidia species, Paramphystomum species, and the highest 

GIT parasites infection has occurred in Tsedey while the lowest prevalence was 

observed during the Bega season. Milking cows were the most highly affected animals 

by GIT parasites followed by calves, bulls, heifers and dry cows. However, the degree 

of infection was light in all animal categories throughout the study period. Animal 

category, season and year had significant effect the prevalence of GIT parasites, but 

there was no significant difference in the overall prevalence of GIT parasites in the 

control and treatment groups under intensive and semi intensive management systems 

in all animal groups. Intensive management practice with every three-month 

deworming strategy showed low parasite prevalence than the semi intensive 

management practice. Further study on the biology of GIT parasites and their 

intermediate host is recommended to devise effective control and prevention strategies. 
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Introduction 
 

According to the Central Statistical Authority of Ethiopia (CSA, 2005), 97.79% of the 

total poultry population comprises indigenous birds while 2.21% are exotic breeds. 

Based on the level of bio-security, FAO classifies Ethiopian poultry production 

systems into three: large commercial poultry production with “moderate to high 

biosecurity”, small commercial poultry production with the “low to minimal” 

biosecurity and village or backyard production with “minimal biosecurity (Demeke, 

2008). There are more than 20 privately owned large-scale commercial poultry farms; 

all located in and around Addis Ababa (Yami and Dessie, 1997). Contrary to the 

backyard farming system, large and small-scale intensive farms are dependent on 

imported exotic breeds requiring high levels of feed, housing and sanitary inputs 

(Wossene, 2006). Relatively large-scale intensive poultry Production system is also 

practiced by government poultry multiplication and distribution centers located in 

various regions of the country (Demeke, 2008; Pagani and Wossene, 2008). Small-

scale intensive systems are also emerging in urban and peri-urban areas of the country, 

with a small number of exotic breeds of chicken ranging from 50 to 1000 located in 

strategic areas close to market destinations. Although traditional production methods 

dominate the market for birds, eggs and meat during the past 15-20 years, there has 

been a gradual rise in commercial small-and medium-scale flock production system in 

Ethiopia (Pagani and Wossene, 2008). These systems, however, are adversely affected 

by a variety of constraints. Poultry diseases and management problems continue to 

play the major role in hindering its development (Lobago et al., 2005; Mersha et al., 

2009).  

 

Coccidiosis is recognized as the major parasitic disease of poultry and is caused by the 

apicomplexan protozoan Eimeria. The disease seriously impairs the growth and feed 

utilization of infected birds, resulting in loss of productivity (Conway and McKenzie, 

2007). In Ethiopia; coccidiosis is endemic in all parts of the country and affects mainly 

young growing birds (Lobago et al., 2005).  
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Factors contributing to outbreaks of clinical coccidiosis include litter moisture content 

exceeding 30% due to ingress of rain or leaking waterers, suboptimal inclusion of 

anticoccidials or incomplete distribution (Poor mixing) of feed and environmental and 

husbandry stresses such as overstocking, inadequate ventilation and inoperative 

feeding systems (Shane, 2005). Immunosuppressive diseases such as infectious bursal 

disease, chicken infectious anemia and Marek's disease are the major infectious 

diseases that increase susceptibility to viral, bacterial and parasitic diseases and 

interfere with acquired vaccine immunity (Hoerr, 2010). Due to the growing interest in 

intensive poultry production, it is important to continually evaluate the prevalence and 

management issues associated with common poultry diseases such as coccidiosis. This 

study was conducted to assess the prevalence and management issues associated with 

poultry coccidiosis in broiler farms located in four selected towns located in central 

Ethiopia. 

 

Materials and Methods 
 

Study animals 

Data for this experiment were collected from small- and large-scale broiler farms 

located in Debre Zeit, Dukem, Mojo and Nazareth towns all located in the Central 

Ethiopia from August 2011 to April 2012. Eighty eighty   small- and 12 large-scale 

broiler farms (Chicken flocks) were randomly selected. Most of the farms were small-

scale broiler farms that had only one or two flocks. The flock size ranged from 100 to 

2,500 and 3,000 to 6,000 birds per house for small- and large-scale broiler farms, 

respectively. All broiler chickens were housed in an intensive deep-litter system. Water 

is provided through an automatic waterer in large and through plastic waterer in small-

scale commercial broiler farms. All the study flocks were vaccinated against Newcastle 

and Infectious Bursal Diseases, while anticoccidial vaccination was not applicable. 

During the trial period, the chickens were handled following institutional and 

international ethical principles on the use of birds in experimental research. 

 

Design of the experiment 

The study design consists of cross-sectional epidemiological study to determine the 

prevalence of coccidiosis at the flock level and to identify the Eimeria species 

circulating within the study farms. 

 

Questionnaire Survey 

Information from the farmers and managers in the selected farms were collected using 

semi structured questionnaire. Farm records and direct observation on the hygienic 

practices and bio-security in each farm were also noted. Data such  as  housing 
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management including ventilation, hygiene and sanitation, flock size, the use of 

anticoccidial drug, age of infected  chickens, chicken management, disease diagnosis, 

disease occurrence other than coccidiosis, feed and water supply, disease and disposal 

mechanism, season of disease occurrence were included in the questionnaire format 

 

Parasitological techniques  

 

Sampling: Three chickens per flock for post-mortem examination and pooled fecal 

samples were collected from 88 and 12 small- and large-scale broiler farmhouses. 

 

Identification of Eimeria species: The identification of Eimeria species was 

performed based on a combination of characteristics, including examination of the 

shape and size of oocysts, and site of development in the intestinal tract.  

 

Furthermore, Characteristic macroscopic lesions and size of meronts in mucosal 

smears (Kaufmann, 1996; Taylor et al, 2007; McDougald and   Fitz-Coy, 2008) three 

chickens from each house were euthanized by cervical dislocation and were subjected 

to routine post-mortem examination.  

 

The upper, medium, lower intestinal and cecal mucosa were examined for gross 

pathological changes according to the method described by Conway and McKenzie 

(2007). The location of the lesion in each intestinal tract was recorded. In addition, the 

intestinal and cecal scrapings were prepared for microscopic examination, for the 

detection of schizonts and oocysts. The intestinal and cecal contents from Eimeria 

oocyst positive samples were transferred into a sterile plastic tube and the Eimeria 

oocysts were isolated using the simple floatation technique (Permin and Hansen, 1998)  

 

Fecal egg Ccount:  Fecal dropping for litter oocyst counts was collected from 

several representative areas of each chicken house. The samples were collected from 

the top layers of material as a “Handful‟‟ of litter and were mixed together and 1 g of 

material was weighed. These materials were soaked in 2.5% potassium dichromate 

overnight. The next day, the solution was poured through a small-grade sieve into a 

beaker. The solid materials were washed with water through the sieve into the same 

beaker. The remaining solid materials were discarded and the fluid sample was 

centrifuged to sediment the oocysts. The supernatant was discarded and the pellet was 

re-suspended in the saturated salt solution (NaCl) for the detection and counting of 

Eimerian oocysts (Conway and McKenzie, 2007). The number of oocyst per gram 

(OPG) of feces was calculated using the simple McMaster saturated salt flotation 

technique described by Permin and Hansen (1998)  
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Statistical analysis: Prevalence data was analyzed using Statistical Analysis 

System (SAS) software (2003). and Chi-square procedures and mean differences were 

declared at P<0.05.The Fisher‟s exact test was used to evaluate the presence of 

association between the prevalence of coccidiosis and risk factors (Number of broilers 

per flock, administration of anticoccidial drug, age of affected chicken in weeks, 

chicken management, disease diagnosis, type of farm and season). 

 

Results and Discussion 

 
The prevalence data for coccidiosis is presented in Table 1. The overall prevalence of 

the disease was 60% while the subclinical form of coccidian infection was 80%. 

Analysis of variance for the effect of factors associated with prevalence of coccidiosis 

is presented in Table 2.  The result indicated that the occurrence of coccidian infection 

in the small-scale broiler farms was significantly higher than that of the large-scale 

farms (P<0.05).  

   
                             Table 1: Prevalence of coccidiosis in 100 broiler farms of central Ethiopia 

 

Flocks No. flocks No. positive 

flocks 

Overall 

prevalence (%) 

Clinical infection 

(%) 

Sub clinical 

infection (%) 

Large-scale 12 4 33.3 25 75 

Small-scale 88 56 63.64 19.6 80.36 

Total 100 60 60 20 80 

 

The incidence of coccidiosis in flocks with chickens aged 4-6 wk was significantly 

higher than those aged 1-3 weeks (P<0.01). Flock size significantly affected the 

incidence of coccidiosis (P<0.01). Accordingly, the incidence   of coccidiosis in the 

small-scale broiler farms that owned 501-1000 chickens was higher than the other two 

groups (Table 2). Out of the examined broiler farms, 61.19% of the producers had no 

awareness about coccidiosis. Supervisor type, prophylactics treatment and season did 

not affect the incidence of coccidiosis (P>0.05). 

 

The total oocysts count per gram of feces from the litter ranged from 1-500, 501-1,000 

and 1,001-5,000 in the 81.67, 11.67 and 6.67% of infected flocks, respectively (Table 

3). Information on prevalence of single and mixed   infections of Eimeria species in 

broiler farms is presented in Table 4. Most of the study farms were located in the 

residential areas. Hygiene and biosecurity measures and management practices in these 

farms were generally poor. Eimeria species identified were E. acervulina, E. brunetti, 

E. maxima, E. mitis, E. necatrix and E. Tenella. The infection rate of Eimeria spp. 

identified in these farms was 5, 3.33 and 28.33% for E. acervulina, E. maxima and E. 
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tenella, respectively. Mixed infection with various Eimeria species was highly 

prevalent 63.3%. 

 

Proportion of infected flocks in broiler farms as affected by various categories of risk 

factors is presented in Table 5. Although coccidiosis is not the only cause of mortality 

in the study farms, there was a difference in the level of mortality between coccidiosis 

infected broiler farms. The highest mortality rate was observed in the younger chicken 

flocks; however, this was absent in the older chicken flocks. The highest level of 

mortality was also demonstrated in farms with highest number of oocyst count. 
 

Table 2:  Relative importance of different risk factors associated with prevalence of coccidiosis in broiler 

farms 

 

Risk factors Risk factors in category Number of 

flocks 

Number of 

positive flocks 

% of positive 

flocks 

P value 

Farm type Large-scale 12 4 33.33 (P<0.05) 

 Small-scale 88 56 63.64  

Age (week) 1-3 34 8 23.53 (P<0.01) 

 4-6 63 49 77.78  

 > 6 3 3 100  

Flock size 100-500 43 15 34.88 (P<0.01) 

 501-1000 36 33 91.67  

 1001-5945 21 12 57.14  

Awareness No 67 41 61.19 NS 

 Yes 33 19 57.58  

Supervisor Farm owner 70 39 55.71 NS 

 Health assistance 30 21 70.00  

Prophylactic   

treatment 

No 50 33 66.00 NS 

 Yes 50 27 54.00  

Season Dry 32 20 62.50 NS 

 Rainy 68 40 58.82  

                     NS- non significant 

 
Table 3:   Proportion of infected flocks across different ranges of oocyst count in broiler farms as 

affected by flock size - Range of oocyst count (× 100) 

 

Flocks No. of infected flocks 1-500 501-1000 1001-5000 

Large scale 4 75.00 % 25.00 % 0.0 % 

Small scale 56 82.14 % 10.71 % 7.14 % 

Total 60 81.67 % 11.67 % 6.67 % 
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Table 4: Prevalence of single and mixed infections of Eimeria species 

 

Farm type No. of infected 

flocks 

E. acervulina 

(%) 

E. maxima 

(%) 

E. tenella 

(%) 

Mixed infection1 

(%) 

Large-scale 4 0.00 0.00 0.00 100 
Small-scale 56 5.36 3.57 30.36 60.7 

Total 60 5.00 3.33 28.33 63.3 

1 Mixed infection = (Eimeria acervulina, Eimeria brunetti, Eimeria maxima, Eimeria 

mitis, Eimeria necatrix and Eimeria tenella) 

 

Table 5:  Proportion of infected flocks across different ranges of mortality in broiler farms as affected by 

various categories of risk factors – Level of mortality 

 

Risk factors Category of risk 

factors 

Number of 

positive flocks 

0.5-6% 6.2-9% 9.2-22% 

Farm type Large-scale 4 25 0 75 

 Small-scale 56 57 27 16 

Age (week) 1-3 8 50 13 38 

 4-6 49 55 27 18 

 >6 3 67 33 0 

Flock size 100-500 15 40 27 33 

 501-1000 33 73 15 12 

 1001-5945 12 25 50 25 

OPG 1-500 49 57 22 20 

 501-1000 7 43 43 14 

 1001-5000 4 50 25 25 

        OPG = Oocysts per gram 

 

The higher prevalence of subclinical form of coccidia infection in the present study 

was largely associated with multiple species. This is similar to the findings of Taylor et 

al. (2007) who reported that the disease tends to be chronic and may be associated with 

several species of Eimeria. Mortality may not be heavy but morbidity may retard 

growth significantly. The higher occurrence of coccidian infection in the present study 

might have been due to the lack of disease control measures and poor management 

practices under the small-scale broiler farms; such as absence of anticoccidial agents in 

feed and treatment to apparently diseased chickens and lack of awareness. Most of the 

time treatment is given whenever the clinical sign appears. The poor hygienic, 

biosecurity measures and husbandry practices observed in the present study farms are 

in line with reports of Mersha et al. (2009). 

 

In which the absence of disposal of litters wetting of litters from leaking pipes and 

drinking troughs and the absence of all-in all-out system were reported to be possible 
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risk factors disposing chickens to the occurrence of various diseases including 

coccidiosis in broiler farms in Central Ethiopia.  

 

The higher occurrence of coccidiosis (63.64%) in the s mall-scale broiler farms in the 

present work was higher than Mersha et al. (2009) who indicated 43.3% prevalence 

rate in the small-scale broiler farms reported that. 

 

However, the 33.3% incidence rate reported in the large-scale broiler farms is in the 

present study was lower than that 50% reported in the large-scale broiler farms of 

Central Ethiopia (Mersha et al., 2009) 

 

The significant inter-farm differences in the prevalence of coccidiosis were similar to 

those reported by Lobago et al. (2005) and Nematollahi et al. (2009), who found higher 

prevalence of coccidiosis in chickens aged 5-6 wks. Coccidiosis is largely a disease of 

young animals because immunity quickly develops after exposure and gives protection 

against later disease outbreak. Unfortunately, there is no stimulation of cross-protective 

immunity between species of Eimeria. Thus, several outbreaks of coccidiosis are 

possible in the same flock, with different species involved in each (McDougald and 

Fitz-Coy, 2008). 

 

The higher prevalence of coccidiosis in farms with large flocks (91.6%) in the present 

work is in line with those reported by Razmi and Kalideri (2000) who confirmed the 

rising prevalence of coccidiosis with increasing flock size. The higher prevalence rate 

recorded in the small-scale flocks and the lower in the large-scale flocks could be 

associated with differences of husbandry practices employed under in the small- and 

large-scale broiler farms. The location of farms, use of feeds of low and unknown 

quality and poor management practices used by small-scale broiler farms might have 

been the major factors for the higher occurrence of incidence of coccidiosis. Wossene 

(2006) and Ayele and.Rich (2010) have also reported that the bio-security status in 

many of the intensive poultry farms in Ethiopia is extremely poor and the management 

and health care practices are generally inadequate.  

 

The quality of mixed feeds used by poultry producers was also reported to be poor 

(Yami and Dessie, 1997) and most formulations available do not have vitamin/mineral 

premixes. Ingredients and processed feeds vary in nutritive value and there is no 

regular quality control mechanism in the country (Demeke, 2008). Some producers 

interviewed in the present study complained about the ineffectiveness of the 

anticoccidial drugs and this might be associated with development of drug resistant 

strain of Eimeria. In the same token, anticoccidial drugs added to feed could serve as a 

good preventive measure and can be well adapted to large-scale use. But given the 
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prolonged use of these drugs in the production system where the resent study is 

conducted, the occurrence of coccidial resistance is anticipated and such has been 

reported by different authors (Kaufmann, 1996; Chapman, 1994; Chapman, 1997-98; 

Allen, and Fetterer, 2002). In addition, a drug may be efficacious against one or several 

of Eimeria species; very few drugs are equally efficacious against all. Some drugs kill 

the parasite but others only arrest the development of them. The arrested parasites can 

develop and affect their chickens whenever treatment is discontinued. McDougald and 

Fitz-Coy (2008) described that when coccidiostatic medication is withdrawn, arrested 

parasites may continue to develop and contaminate the environment with oocysts. In 

such cases, a relapse of coccidiosis is possible. Outbreaks of coccidiosis may also 

occur in birds on medicated feed due to the level of coccidiostat used is low or 

conditions in the house have changed to allow a massive sporulation of oocysts, which 

on ingestion, the level of drug can no longer control (Taylor et al., 2007). No seasonal 

difference in the incidence of coccidiosis was observed. This could have been due to 

the short period used for sampling the farms. 

 

The current study showed that six pathogenic Eimeria species known to parasitize 

chickens were occurred as single or multiple infections in broiler farms of central 

Ethiopia. This agrees with the findings of other authors in the literature (Lobago et a., 

2005; Mersha et al., 2009; Getachew, 2004; Dinka, and Yacob, 2012; Amare et al., 

2012) who reported multiple species of Eimeria on exotic chickens reared in deep litter 

from different places of Ethiopia. The occurrences of mixed infections were very high, 

which could be related to the low level husbandry practice and development of drug 

resistant strain of Eimeria to variable compounds. 

 

In conclusion, the present study indicated that occurrence of coccidia infection in the 

study farms was significantly higher in the small scale broiler farms, in flocks with 4-6 

wks age chickens and farms with large flock. No association between incidences of 

coccidiosis and the use of anticoccidial drugs was revealed. The Eimeria species 

identified in this study were E. acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix 

and E. tenella. Six pathogenic Eimeria species known to parasitize chickens were 

occurred as single or multiple infections in broiler farms. Eimeria tenella was the 

predominant case in the present study areas. The occurrence of subclinical form of 

infection was higher and mostly associated with various Eimeria species. This may 

play a great role in the retardation of growth as well as the   economy of commercial 

poultry farming in the area  

 

It is recommended that regular checkup for coccidian infection or identification of 

Eimeria species will help in detecting subclinical coccidiosis and will prevent 

economic losses. Good ventilation will reduce the humidity in the house and help to 
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keep litter dry. The use of appropriate anticoccidial drugs as a prophylactic treatment in 

poultry feeds is highly recommended. As an alternative to coccidial resistance the use 

of drug rotation, with constant monitoring of the oocysts in the feces and in the litter, 

or shuttle program is important. It is recommended that drugs are switched between 

batches of broilers; drugs have a minimum period (5 to 7 days) or which they must be 

withdrawn before the birds can be slaughtered for human consumption. Training 

should be given to producers concerning chicken coccidiosis and its economic 

importance. Preferably clean litter should always be provided between batches of birds. 

If this is not possible, the litter should be heaped and left for 24 hours after it has 

reached a temperature of 50°C; it should then be forked over again and the process 

repeated to ensure that all the oocysts in the litter have been destroyed. Litter should 

always be kept dry and special attention given to litter near water fonts or feeding 

troughs. Proper control measures must be taken in the application of strict bio-security 

measures and anti- coccidial program. Poultry houses should be disinfected in the 

intervals between depopulation and restocking. 
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Introduction 
 

The high incidence of disease is one of the major constraints of poultry production 

systems in Ethiopia. Poultry disease is a major cause of reduced productivity in 

Ethiopia. The low productivity in traditional systems is mainly due to high mortality, 

which is caused by, diseases, malnutrition and predators. In order to control various 

poultry diseases, ethno veterinary medicine is widely practiced by poor village farmers. 

 

Ethno veterinary medicine (EVM) is a scientific term for traditional animal health care 

that encompasses the knowledge, skills, methods, practices, and beliefs about animal 

health care found among community members that the ethno veterinary knowledge 

(EVK) base differs from region to region and also among and within communities. 

This also includes social practices and the ways in which livestock are incorporated 

into farming systems. EVM knowledge has been developed through trial and error and 

deliberate experimentation. Ethno veterinary medicine provides valuable alternatives to 

and complements modern veterinary medicine. It is of specific value in developing 

countries where modern veterinary medicines are often not accessible to livestock 

producers. It can play a significant role in grassroots development, which seeks to 

empower people by enhancing the use of their own knowledge and resources.EVM is 

the only option for most of village poultry farmers in Africa in general and in Ethiopia 

in particular, because there are almost no veterinarians in African rural areas. The use 

of EVM is sustainable and ecologically sound, as plant products with recognised 

medicinal properties are far more accessible to the villagers than modern medicine 

.This implies that EVM is widely used in the developing world than in developed 

countries (Moreki et al., 2010). Farmers use traditional remedies because they are 

readily available and at low cost or no cost at all (Chah et al., 2009). Ethno veterinary 

medicine is partly effective and practicable (Kaikabo et al., 2004).There has been little 

documentation of EVM in Ethiopia. As a result, a study was undertaken to investigate 

the use of ethno-veterinary medicine in poultry health management in selected districts 

of Arsi Zone. 
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Materials and Methods 

 

Study area 

The study was conducted in selected districts of Arsi Zone .It is located 175 km far 

from Adiss Ababa and situated between 6˚45'N to 8˚58‟N latitude and 38˚32'E to 

40˚50'E longitude. The mean annual temperature of the Zone ranges between 20˚C - 

25˚C in the low land and 10˚C -15˚C in the central high land. Mixed  crop  and  

livestock  farming  system  is the mode  of  agriculture  in  the districts  (Arsi zone 

rural  and  agricultural  development  office,  2014) 

 

Data collection and analysis 

The zone and districts were selected purposively. Ethno veterinary data were collected 

from 130 randomly selected informants using structured questionnaire. The structured  

questionnaire  was  used  to  collect  in formations  on  locality,  scientific  and  

vernacular names, part(s)  of  the  plant  used,  method(s)  of preparation  for  use,  

with/without  additive(s), disease(s) for which plant is used rout of administration, 

dose, modern drugs used by respondents to treat poultry disease and major constraints 

encountered in poultry production in the study areas. Data were entered in excel and 

analyzed by SPSS version 16. Descriptive statistics was used.  

 

Result and Discussion 
 

Breeds and chicken ownership 

The two breeds of chicken found in the study areas were local and exotic one. From 

this breeds of chicken 53.3% of the respondents owned exotic, 20.0% local and 26.7% 

both exotic and local breeds of chicken. Exotic breeds were predominated in the study 

districts followed by both breeds. The minimum and maximum numbers of chicken 

owned by respondents ranged from 4 to 120 with an average of 27.77. Most of the 

respondents 83.3% choose local breeds for their disease resistant nature 

 

Common poultry disease  

 Common diseases of chicken reported by respondents were Newcastle disease (NCD), 

fowl cholera, fowl typhoid, fowl pox, coccidiosis, external parasite scaly leg syndrome, 

disease of the eye (infectious coriza) and paralysis of chicken, which is suspected to be 

marex. Newcastle disease was found to occur frequently and cause high mortality in 

country in general and in the study areas in particular. The majority of the respondents 

in the study areas mentioned specific symptoms of fowl pox like scabs on wattle and 

comb, scaly leg and kinkin syndrome. None specific signs of chicken disease like 

anorexia, ruffled feathers, diarrhea, sudden death were mentioned by all chicken 
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owners. Forty percent of the respondents loss all of their chicken due to outbreak of 

NCD (local name of called fungl) in short rainy season (February-march).The result is 

similar with Moreki, (2013) reported outbreak of NCD was  occurred between January- 

April. 

 

Common ethno veterinary medicinal plants  

Fifteen medicinal plants were identified by the respondents for the treatment and 

control of different chicken disease and parasites in the study districts. The medicinal 

plants used in the study districts are summarized in the Table 1 below. Sixty six 

percent of the respondents use traditional medicine for the treatment and control of 

chicken disease in combination with modern medicine. The remaining 33.3% did not 

use traditional Medicine. In addition to traditional medicine the respondents have got 

veterinary service like vaccination 10% drug 30% and both vaccine and drug sale 40% 

with inject able and oral administration. The remaining 90% did not get vaccination.  

53.3% was purchased from human and veterinary pharmacy and 13.7% from open 

market to treat different chicken health problems Table 2.The respondents compare the 

effectiveness of the modern drug and traditional medicine as good, moderate and poor 

(Table 4). Out breaks of chicken disease were reported by 40 % of the respondents and 

lost all chicken flock because of the low numbers of producers got access to 

vaccination service. It could be caused by NCD. These findings indicated that the use 

of traditional remedies predominated in all the villages, especially in the remote areas 

where drugs and vaccines were not easily accessible. This study result was similar with 

the report of, Moreki, (2013) 66% of the family poultry in Botswana use traditional 

medicine and higher from Musa et al (2008), 53.25% of the rural farmer in Nigeria use 

Ethno veterinary Medicine. 

 

In the present study Tetracycline tablet, tetracycline ointment, CAF, OXYTTC LA and 

Amprolium were the most common veterinary drugs from human and veterinary 

pharmacy for the treatment and control of chicken health problems in the study areas. 

The most common preparation of traditional medicine practiced by the producers was 

ointment, water extraction and alcohol extraction. According to tabe2 cold water 

extraction was the most common practice. The use of human medications to chicken in 

the current study is consistent with previous study (Morki, 2013; Gueye, 1999) that 

reported that occasionally antibiotics originally intended for human use given to 

chicken disease treatment and control. 
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Table 1.    Medicinal plants and plant parts used for treatment of chicken disease 

 

Local name Scientific name Plant parts used Preparation and extraction Rout Poultry disease and symptoms 
treated 

red pepper Capsicum annum seed Crash the red pepper & mixed with feed and oil Orally with feed Fungle (NCD) 

Tobacko Nicotiana tabacum L. leaf Water extract Drenching Coughing 

Mekmeko  root Water extract Drenching Fungl (NCD) 

Garlic Allium sativum seed Chopping, alcohol extract Drenching Depression & any poultry disease 

Neem Azadirachta indica leaf Water extract Drenching Depression & parasites 

Chat  leaf Water extract Orally with feed Any disease 

Feto Brassica campestris seed Water extract Orally With feed Fungle, other poultry disease 

Damakese Damakese leaf Hot water extract Orally With feed Any disease 

AQtsefaris/astenagr Cannabis sativa leaf Chopping and mixed with feed Orally With feed Any disease 

Tinadam chale pensis L Leaf/seed Chopping and water extraction Drenching Any disease 

Red onion Allium cepa Bulb Chopping and mixed with feed Orally With feed Any disease 

Digta Calpurnia aurea leaf Chopping the leaves and rub topically Topical Kinkin,scaly leg syndrome 

Senafch(mustard) Brassica campestris seed extracting with water after crashing the seed Drenching Fungle ,fowel pox, yedem tekmat 

Green pepper Capsicum annuum Seed / fruit 
 

Chopping and mixed with feed Orally With feed Any disease 

Berbere Capsicum annum Flower Water extract Orally with feed Any disease 

Jinjible(Ginger) Zingibera fficinale Root Chopping and extracting by water Drenching Coughing 
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Table 2.   Common drugs used for poultry disease treatment by respondents in the  study areas 

 

Types of drugs Disease type Source dose rout duration 

Tetracycline 
tablet 

Fungle, other disease, 
diarrhea,cholera 

Human 
pharmacy 

1tablet/hen Oral, drenching, with 
feed 

For 1 day 

CAF tablet fungle,fowlthyphoid,cholera,diar
hea,and anyother disease 

Human 
pharmacy 

1tab/hen Oral, drenching, with 
feed 

For 1 day 

Aprolium 
powder 

Fungle,coriza, and any other 
disease 

Vet pharmacy 1tea spoon/hen Oraly with water &feed For 3 days 

OXTTC LA 
injectable  20% 

Infectious coriza,fowl 
cholera,fungle, diarrhea 

Vet pharmacy 1cc/hen Oral drenching Once 

Tetracycline 
ointment 

Any eye disease Human 
pharmacy 

1 drop/eye/hen topically For three 
days 

 

                        Table 4. The comparison of the effectiveness of modern drug and traditional medicine by respondents 

 

Types of medicine  Effectiveness% 

 Excellent Good Moderate Poor Not response Total 

Traditional medicine 0% 23.3% 36.7% 6.3 0% 66.3% 

Modern medicine 3.3% 13.3 33.3 10% 3.3 70% 

 

                      Table.5.   Major Constraints of poultry production in different seasons in the study areas 

 

Major 
constraints 

Short rainy season 
(mar-may) 

Long rainy season 
Jun-aug 

Short dry season 
(sep-nov) 

Long dry season 
(dec- feb) 

Rank 

Feed shortage  xx-xxxx Xx  2 

Chicken disease xx-xxxx xx-xxxx Xxx Xxxx 1 

Predetors xx-xxx xxx-xxxx Xxx xxx-xxxx 3 

High mortality x xxx-xxxx   4 

Poor hachability  xx-xxx   8 

Spoileg of egg  xx-xxxx   7 

Low price 
chicken 

 x-xxxx xx-xxx  6 

Low price of egg  Xxx xx-xxx Xxxx 5 

                    X= less serious   xx=moderately serious   xxx= serious xxxx=more serious 

 

Predator attack 

The major predators in the study areas were honey bajar, wildcat, eagle, hamagota, fox, 

sila, shelemtmat. The predator of chicken and its risk factor are listed in table 6 below 

 
                            Table 6 Major predator attack in the study areas 

 

predators Age of 
chicken 

Sex of 
chicken 

Breed color Prevention methods 

Hamagota All all All all Fencing, using  dog 

Eagle young all All white No prevention 

Wild cat All all All all Hunting by dog, fencing, proper housing 

Fox All all All  Using dog 
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Introduction 
 

Camelpox, caused by Orthopoxviruscameli, is one of the most common important 

infectious and contagious viral diseases diagnosed in the old-world camelids (Azwaiet 

al., 1996). The disease isknown in almost all camel raising countries except Australia 

and it is the most important cause of severe economic losses (Fenneret al., 1989; 

Azwaiet al., 1996). To herdsmen, camelpox is a well-known and feared disease 

(Azwaiet al., 1996). 

 

The considerable economic importanceof the disease is due to the high morbidity, a 

relatively high mortality in younger animals,loss of condition in all ages, reduced milk 

production in lactating ones (Azwaiet al., 1996) and abortion in pregnant camels (Al 

Zi‟abiet al., 2007; Mahmoud et al., 2012). In addition, the appearance of camelpox in 

herds may favor secondary infections from other circulating diseases from which 

camels might die (Duraffouret al., 2011). The mortality rate in adult animals is 

between 5% and 28% and in young animals between 25% and 100% (Mayer and 

Czerny, 1990). At country level, existence of the disease resulted intrade restriction of 

camels and their byproducts (Bhanuprakashet al., 2010).   

 

Camelpox is also important because of its potential zoonotic problem (Azwaiet al., 

1996). Several cases in humans have been described (Kriz, 1982); the most recent from 

India (Beraet al., 2011) with clinical manifestations such as papules, vesicles, 

ulceration and finally scabs on fingers and hands. The Office Internationale des 

Epizooties (OIE), World Organization for Animal Health, lists camelpox as a 

reportable disease (OIE, 2014a). It is also classed in Risk Group 2 for human infection 

and recommended to be handled with appropriate measures (OIE, 2014b).  

 

Camelpox virus is host-specific and dependent on a single host, which could 

potentially target for control and eradication. Unfortunately, effective control programs 

such as quarantine measures and restriction of camel movement appear to be of limited 

success owing to the migratory pattern of camels and the difficulty of reaching the 
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animals. Therefore, vaccination seems to be the only option to control this viral disease 

in enzootic countries (Khalafalla and El Dirdiri, 2003). As a result, vaccine production 

reports have come from different countries including Saudi Arabia (Hafez et al., 1992), 

United Arab Emirates (Wernery and Zachariah, 1999), Morocco (El Harrak and Loutfi, 

2000) and Mauritania (Nguyen et al., 1996). Recently, the National Veterinary Institute 

(NVI) developed the vaccine in Ethiopia, which is the first type of vaccine for 

dromedary in the country. 

 

To carry out an effective control or even eradication programs of camelpox through 

strategic vaccination, a thorough understanding of the epidemiology of the disease in a 

given geographical area has a paramount importance. Although the disease was 

confirmed to occur in Ethiopia (Ayeletet al., 2013) and known for its economic 

significance as well as to the best of our knowledgeno work has been done to 

investigate the sero-epidemiology of the disease in the country. This study was 

therefore designed to enhance the knowledge in the epidemiology of camelpox in 

Ethiopia, and improve camelpox mitigation strategies such as timing of prophylactic or 

vaccination interventions by assessing the sero-prevalence of the disease and its 

associated risk factors, and identifying the seasonal occurrence of camelpox outbreak 

in the study area.  

 

Material and Methods 
 

The study Area  

The study was conducted in two selected districts of Gabi Rasu zone of Afar National 

Regional State, which is situated in the North Eastern part of Ethiopia. The region has 

a great potential of livestock resources comprising of 2.3 million cattle, 4.3 million 

goats, 2.5 million sheep, 0.8 million camels and 0.19 million equines that support the 

region and contributes to the national economy (CSA, 2010).Administratively, Afar 

region consists 5 zones, 32 woredas and 401 kebelles or pastoral associations. Gabi 

Rasu is one among the 5 administrative zones, located in the southern part of the 

Region. The zone consists of six districts, predominantly occupied by pastoral and 

agro-pastoral communities. The two selected districts of the zone, namelyAmibara and 

Awash Fentale, are located in the dry lowlands of the rift valley, at about 230 and 280 

km northeast, respectively from the capital Addis Ababa. Gabi Rasu zone is 

characterized by arid and semi-arid agro-climatic condition with ranging annual 

rainfall of 200 to 700 mm. The mean annual minimum and maximum temperature is 

17.4 and 34.4°, respectively. 
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Study design 

The study was carried out from November 2014 to May 2015 using a cross sectional 

observational study design (Dohooet al., 2003; Thrusfield, 2005) and a participatory 

epidemiological study method (Catleyet al., 2012). 

 

Sampling strategies and study animals 

 

Seroprevalence study 

Both probabilistic and non-probabilistic sampling approaches were used at different 

stages of the sampling units, because strict random sampling procedure is difficult, if 

not impossible in pastoral production systemwhere the study population are scattered 

over a wide and remote areas. Hence, among the six districts of Gabi Rasu zone, two 

representative districts, namely Amibara and Awash Fentale, were selected purposively 

(Thrusfield, 2005) based on their camel production potential and accessibility to 

vehicles. However, simple random sampling method (Dohooet al., 2003; Thrusfield, 

2005) was used to select pastoral associations (PAs), commonly called Kebelle from 

the list provided by the Districts Pastoral Agriculture and Rural Development Office. 

PAs with low camel production potential were excluded from the list during random 

sampling and three PAs from each district were selected. 

 

Thirty herds (15 herds from each district) were selected by systematic random 

sampling method by starting from one herd that show cooperativeness and proceeded 

for the rest by jumping one to threeherds based on the number of available herds in that 

particular villageuntil the number of camels required from the village was met. A 

proportion of camels in the selected herd older than 8 months of age were selected 

using simple random sampling depending on the population of camels within the herd.  

 

The total study animals were determined according to the formula set by Thrusfield, 

2005 for simple and systematic random sampling, using 95% confidence level and 5% 

absolute precision. Due to the absence of reports on estimates of the prevalence of 

antibodies against camelpox in the country, an arbitrary estimate of 50% was chosen to 

give the maximum sample size.As a result, a total of 384 camels (C. dromedarius) 

were included for the determination of antibody prevalence against camelpox. The 

study animals included camels of different ages and of both sexes reared under 

extensive husbandry management system.  

 

Questionnaire and participatory epidemiological (PE) survey 

Initially, questionnairesurvey was conducted on 30 respondents from both districts to 

get baseline information about the common camel disease in the area. In this phase the 
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respondents listed major camel diseases by their local names with their clinical 

symptomsand ranked based on their frequent occurrence using open-ended question 

(SSI). The top 5 ranked diseases including Camelpox were selected for the subsequent 

participatory epidemiological studies.  

 

The second phase was the actual participatory epidemiology of camelpox study using 

12 independent groups whereby each group composed of 5-10 respondents. Explicitly, 

6 groups were interviewed per district and informants included those people whose 

camels were being sampled. Other people present nearby with good camel herding 

experience and rich indigenous knowledge related to camel diseases and health care 

were also invited to join the discussion. The investigation was carried using seasonal 

calendars and semi-structured interviews (SSI) according to the objectives and context 

of the study (Catleyet al., 2012; FAO, 2000). All PAs and villages selected for serum 

sample collection were included in this study. The method was practiced (pre-tested) 

on some animal health workers and camel owners before using it for the actual 

fieldwork in order to make sure that the method was understood and the questions were 

clear.  

 

Data collection 

Serum sample collection: After physical restraining of each selected camel, blood 

was withdrawn from jugular vein in to plain vacutainer tubes. The blood tubes were 

allowed to stand overnight at room temperature, after which the blood is centrifuged at 

3000 rpm for 15 min to collect serum samples. Separated serum samples were 

harvested and held at 4°C until submitted to virology laboratoryandpreserved at -20°C 

until they used for detection of camelpox antibodies.  

 

Laboratory examination procedures: Serum samples were analyzed by virus 

neutralization test, to detect the presence of serum specific antibodies against camel 

poxvirus by in vitro neutralization of the viral cytopathic effect on cell culture. The test 

method was based on a reaction between the virus and specific antibody in the test 

serum. Virus and products containing a neutralizing antibody were mixed under 

appropriate conditions and then inoculated into cell culture. The presence of 

unneutralized virus was detected by plaque formation (cytopathic effect). A loss of 

infectivity was caused by interference by the bound antibody with any of the steps 

leading to the release of the viral genome from the host cells including attachment, 

infection, or viral release. 

 

The test method was conducted at National Animal Health Diagnostic and 

Investigation Center (NAHDIC) according to the proceduresrecommended by the 

OfficeInternationale des Epizootics (OIE, 2014b). 
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Seasonal calendar: Seasonal calendars, a time-related data source, were used to 

describe the seasonal occurrence of the five important camel diseases selected using 

simple ranking (ILRI, 2009). To construct a seasonal calendar, the four Afar seasons 

by their local names were represented by objects: a stick with green leaves represented 

„Kerma‟ (July-August), followed by green stick without leaf „Gilal‟ (September-

February), stick with few green leaves „Sugum‟ (March-Apr) and a dry stick without 

leaves „Hagay‟(May-June) on the X-axis. Pieces of papers with pictures and local 

names of the diseases printed on them placed along the Y-axis. These were placed on 

the flip chart and explained to the informant group after they were arranged to sit in 

convenient places. The informants were then requested to explain the meaning of each 

symbol to know whether they have understood what it represented. The informants 

were then given 30 stones and asked to show the relative occurrence of each disease in 

each season. The seasons, diseases and number of stones were kept constant across all 

informant groups to make the technique more reproducible.  

 

Semi-structured interviews (SSI): Following scoring of the seasonal calendar, 

the results were discussed with the participants using open and probing questions with 

SSIs. The informant groups were specifically probed more on the disease of interest 

(camelpox) with regard to the seasonal occurrence, impact, age group affected and 

predisposing factors.  

 

Data Analysis : Field and laboratory data were coded and entered to Microsoft Excel 

spreadsheet and analysis were carried out using Stata Statistical Software, version 11 

(StataCorp., 2009).  The seroprevalence for animal level was calculated by dividing the 

number of camelpox antibody positive individuals to the total number of tested animals 

multiplied by 100. Similarly, herd level prevalence was computed as the number of 

herds with at least one positive animal divided by the total number of herds tested. The 

95% CI for proportions were calculated using the formula given by Petrie and Watson 

(2006). 

 

Univariable logistic regression analysis was employed to determine the associations of 

hypothetical risk factors with the seropositive camels. Risk factors having p < 0.2 value 

on univariable analysis was subjected to multivariable analysis using logistic 

regression.Goodness-of-fit of the model was also tested using backward elimination 

(Petrie and Watson, 2006). The full and the other reduced (simpler) modelswere 

compared by the computer estimates of their likelihood ratio statistic (LRS) or -2log 

likelihood using chi-square test for significance. Data collected by seasonal calendar 

were summarised using median scores, minimum and maximum scores and 95% 
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confidence intervals. The Kendall‟s coefficient of concordance (W) was used to assess 

agreement between informant groups. 

 

Results and Discussion 
 

Seroprevalence and distribution of Camelpox 

Camelpox antibodies were detected in 74 camels among 384 examined gving an 

overall seroprevalence of 19.3% (95% CI=15.4-23.3). According to study districts, the 

prevalence rate of the disease was 21.6 and 16.7% at Amibara and Awash Fentale, 

respectively (Table 1).  

 
      Table 1: Serological prevalence of camelpox in selected districts of Gabi Rasu zone 

 

District No. Examined No. of positive Prevalence (95% CI) 

Amibara 204 44 21.6 (16.0-27.2) 

Awash Fentale 180 30 16.7 (11.2-22.1) 

Over all 384 74 19.3 (15.3-23.2) 

 

All the six villages included in the study were found to have at least one herd that was 

seropositive to camelpox and had a range between 14 and 24% seroprevalence rate 

(data not shown). Camelpox antibodies detected in 25 herds among 30 examined and 

the overall herd level seroprevalence rate was 83.3% (95% CI = 70.0-96.6).  

 

Camelpox seroprevalence and assumed risk factors 

The associations of the hypothetical risk factors such as age groups, sex, herd size and 

study districts with the seropositive camels are shown in Table 2. The age of selected 

camels were categorized in to young (8 month to 4 years) and adult (> 4 years old) 

considering the maturity age of camels (Wilson, 1998). Camel herd sizes were 

categorized as small (≤ 25 camels), medium (> 25 and ≤ 50 camels) large (> 50 

camels) considering the herd structure of the study area.   

 

The results indicated that camelpoxseroprevalence was significantly higher in adult 

(24.4 %) than young age group (13.9 %) with a 2 fold greater odds of occurrence. With 

regard to sex, although the serological prevalence was higher in female camels (20.6%) 

than males (10.2%), the difference was not statistically significant (p>0.05). 

Comparison of the three herd size categories showed similarity of seropositivity (p > 

0.05). The results highlighted highest prevalence in large herds possessing more than 

50 camels (21.7%), followed by 19.4 and 14.1% in small and medium herds possessing 

less than 25 and 26 to 50 camels, respectively. District wise analysis revealed higher 

infection rate in Amibara compared to the other district. However, the difference was 

not statistically significant (P>0.05) (Table 2).   
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Table 2: Risk factors for camelpoxpositivity by univariable logistic regression 

 

* Significant at 95% level of significance; aAgegroup :Young = 8months to 4 years; Adult=  above 4 years old; 
bHerd size: Small= ≤ 25 camels; Medium= >25 and ≤ 50; Large= > 50 camels 

 

Risk factorssuch as age group, sex and study districts were selected from the 

univariable analysis for multivariable logistic regression analysis based on their p-

value (≤ 0.2) in order to identify the major risk factors.  

 

Multivariable logistic regression analysis of selected risk factors determined age group 

was the only marginally explanatory variable that significantly associated with the 

occurrence of seropositivity to camelpox. The odds ratio ofcamelpoxseroprevalence, 

comparing adult to young age group was 1.8, after the effects of sex and study district 

were removed (Table 3). 
 

                               Table 3: Risk factors for camelpox positivity by multivariable logistic regression analysis 

 

VNT Odds Ratio SE z P-value [95% Conf. Interval] 

Age 1.8 0.5 2.00 0.045 1.0-3.1 

Sex 1.7 0.9 1.04 0.299 0.6- 4.6 

District 0.9 0.2 -0.56 0.579 0.5-1.5 

                            Log likelihood = -183.99155; LR chi2 (3) = 8.43; Prob> chi2 = 0.0378 

 

In order to identify the best fit model which have the major risk factor/s, backward 

elimination was conducted by taking away the variables sequentially, starting from 

study district (variable which contributes the least) and then sex because of its 

insignificant contribution after adjusting the effect of age  (data not shown). 

Consequently, no significant differences (P > 0.05) were recordedbetween the 

saturated and reduced models at different levels. Thus, the model having only age as 

explanatory variable was selected as the best fit, which implies age as the only risk 

factor for the occurrence of camelpoxseropositivty among the hypothetical risk factors 

Risk Factors Category No. 

examined 

No. positive % Positives 

(95% CI) 

P-value OR (95% CI) 

aAge group Young 187 26 13.9 (8.9-18.8) 0.01* 2.0 (1.2-3.4) 

Adult 197 48 24.4 (18.4-30.4) 

Sex Male 49 5 10.2 (1.7-18.7) 0.08 2.3 (0.9-5.9) 

Female 335 69 20.6 (16.3-24.9) 
bHerd size Small 103 20 19.4 (11.8-27.0) 0.52 1.1 (0.8-1.5) 

Medium 106 15 14.1(7.5-20.7) 

Large 175 38 21.7 (15.6-27.8) 

Study district Amibara 204 44 21.6 (16.0-27.2) 0.2 0.7 (0.4-1.2) 

Awash F. 180 30 16.7 (11.2-22.1) 
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screened in this study. From the final best model, there was a two fold increase in 

seropositivty of camelpox if the camel was adult than being young (Table 1).  

 

The major risk factor, age group, was later stratified in to four groups: calf, (8 month to 

≤ 1 years) young (>1 years and ≤4 years), adult (>4 years and ≤10) and old (>10 

years), considering the age structure of the study herds, and analysed for the degree of 

significance among groups.  

 
         Table 4. Seroprevalence of camelpox according to fourcategorized age groups 

 

Risk factor Category No. 

examined 

No. 

positive 

% Positives 

(95% CI) 

P-value OR(95% CI) 

aAge group Calf 51 6 11.8 (2.9-20.6) 0.001* 1.6 (1.2-2.0) 

Young 136 20 14.7 (8.7-20.6) 

Adult 99 17 17.2 (9.6-24.4) 

Old 98 31 31.6 (22.4-40.8) 
aAge groups: Calf= 8 month to 1 year, Young= above 1 year to 4 years, Adult= above 4 years to 

10 years and old= above 10 years old  

 

Hence, a significantly highest (P < 0.05) seroprevalence of camelpox was recorded in 

old age group (31.6%), followed by 17.2 , 14.7 and 11.8% in adult, young and calf age 

groups, respectively (Table 4). Age was considered as linear trend in the model and 

progression in age from one category to the next resulted in increasing seropositivity 

on average by odds of 1.6 (95% CI= 1.2-2.0).  

 

Questionnaire and participatory epidemiological (PE) survey 

During the initial questionnaire survey, the pastoralists based on their common 

occurrences mentioned various camel diseases with their symptoms. Among which 

five, including camelpox (Fig. 2) were selected by simple ranking method (ILRI, 2009) 

for the seasonal calendar study. In addition to these, occurrence of camel tick 

infestation was included intentionally for possible association with occurrence of the 

disease.  

 

Results of the 12 seasonal calendars are summarized in Figure 2. Agreement between 

informant groups was quantified using the Kendal coefficient of concordance and were 

categorised according to critical values for “W” as weak, moderate and good if W-

values were less than 0.26 (p>0.05), between 0.26 and 0.38 (p<0.05) and greater than 

0.38 (p<0.01 to <0.001), respectively. This was by assuming ranking of four seasons 

by 12 judges (groups of informants) (Seigel, Castellan, 1994 and cited from Catleyet 

al, 2002). 

 

Good agreement was evident among the 12 informant groups concerning seasonal 

patterns of the selected camel diseases except for galideli (abscessation) which scores 
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weak agreement (W= 0.171).Camelpox(galiguduf/ambraruk) incidence peaked during 

minor(Sugum) and major (Kerma) rainy seasons with a median score of 16(8-28) and 

13.5 (2-22), respectively (Figure 1).  

 

According to the explanation of informant groups, the high incidence of camelpox 

during the rainy seasons was due to the returning back of camels from where they 

migrated.Increasing humidity (hot temperature and rain) during sugum (minor rain) 

season was also explained as a predisposing factor and the reason for the highest 

occurrence of the disease in the season. The disease was reported mainly to affect 

young camels that allowed grazing during the rainy seasons. Increasing frequency of 

contact with other camels and grazing on thorny plant species and bushes, which are 

abundant during rainy seasons, were mentioned as predisposing factors of the disease 

in young camels. On the hand, occurrences of the other selected camel diseases 

including respiratory diseases, mange mites, trypanosomosis and ticks were associated 

with the long and short dry season of the year, Gilal (September-February) and Hagay 

(May-June), respectively (Figure 1). This was mainly due to shortage of feed and 

starvation during these seasons.  

 
The epidemiology of most camel diseases including camelpox have not extensively 

investigated. Most of the reports on camelpox are paid attention on the isolation and 

characterization of the causative agent (Renner-Muller et al., 1995; Pfeffer, 1998; 

Salem et al., 2008; Yousif and Al-Naeem, 2012; Ayeletet al., 2013). In this sero- 

epidemiological investigation, out of 384 camels, 30 herds and 6 villages sampled from 

two districts of Gabi Rasu zone, camelpox antibodies were detected in 74 camels 

(19.3%), 25 herds (83.3%) and all villages. These findings show that there is a high 

prevalence of antibody to camelpox in herds examined regardless of their geographical 

location. Serological evidence of the present study, together with the confirmatory 

report of the disease by Ayelet and his coworkers, 2013 from Afar region suggests that 

the disease is enzootic in the area. According to the information collected from the 

animal health sector of Pastoral Agriculture and Rural Development Office of the 

districts and herd owners, the camel population in the study area has never been 

vaccinated against any diseases including camelpox.  
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Disease Afar Seasons 

Kerma 

(July-August) 

Gilal 

(Sept-February) 

Sugum(March-

April) 

Hagay 

(May-June) 

Galideli 

Abcessation 

(W=0.171 ns) 

 

● ● ● ● 

● ● ● ● 

● ● ● 

10.5(2-19) 

● ● ● 

● ● ● ● 

● ● ● 

10(5-24) 

● ● 

● ● 

4(2-9) 

 

● ● 

2(0-15) 

Galiguduf /Ambraruk 

Camelpox 

(W=0.671***) 

 

● ● ● ● ● 

● ● ● ● ● 

● ● ● ● 

13.5(2-22) 

 

 

 

 

0(0-2) 

● ● ● ● ● 

● ● ● ● ● ● 

● ● ● ● ● 

16(8-28) 

 

 

 

 

0(0-3) 

Kahu/Bahu 

Respiratory disease 

(W=0.492**) 

 

 

● 

0.5(0-6) 

● ● ● ● ● ● ● ● 

● ● ● ● ● ● ● ● 

● 

● ● ● ● ● ● ● ● 

25(18-30) 

 

● 

0.5(0-6) 

 

● ● 

2(0-15) 

Agara 

Mange 

(W=0.588***) 

 

 

 

 

 

0(0-4) 

● ● ● ● ● ● ● ● 

● ● 

● ● ● ● ● ● ● ● 

● ● 

● ● ● ● ● ● ● ● 

26(15-30) 

 

 

0(0-4) 

 

● ● ● 

2.5(0-15) 

Dahan 

Trypanosomosis 

 

(W=0.512**) 

 

 

 

 

0(0-8) 

 

● ● ● 

● ● 

5(0-22) 

 

 

 

 

0(0-4) 

● ● ● ● ● ● ● ● 

● ● ● ● ● ● ● ● 

● ● ● ● ● ● ● ● 

24(8-30) 

Kilim 

Ticks 

 

 

(W=0.594***) 

● 

 

 

 

1(0-4) 

● ● ● ● 

● ● ● ● ● 

● ● ● ● 

12.5(5-20) 

 

● ● 

 

1.5(0-4) 

● ● ● ● ● 

● ● ● ● ● 

● ● ● ● ● 

15(6-23) 

                     

   Figure 1: Summarized seasonal calendar on the occurrence of selected camel diseases in 

Gabi Rasu zone, Afar 

 

Key: N= 12; W= Kendall‟s coefficient of concordance (
ns

p> 0.05 (non-significant); 

**p < 0.01; ***p < 0.001). W values vary from 0 to 1.0; the higher the value, the 

higher the level of agreement between the informant groups. The black dots represent 

the median scores (number of stones) that were used during construction of the 

seasonal calendars. The minimum and maximum limits are shown in parentheses.  

The antibody prevalence of this study was relatively higher than other sero-

epidemiologic studies of camelpox that reported the presence of neutralizing antibodies 

in 9.8% of the animals in Libya (Azwaiet al., 1996) and 9.14% in Saudi Arabia 

(Housawi, 2007). In these two studies, it was stressed that camelpox vaccinations were 

not practiced. In contrast, a prevalence of neutralizing antibodies of 72.5% in Sudan 

and 100 % in Egypt was measured in an unvaccinated population by Khalafallaet al., 
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1998 and Mahmoud et al., 2012, respectively. However, the former study was 

conducted following outbreak occurrence of the diseases and the other study by 

Mahmoud et al., 2012, was from camels with clinical cases of the disease and from 

contact apparently healthy camels.  

 

Camelpox prevalence based on clinical cases have also reported from various countries 

and different parts of Ethiopia by Tefera and Gebreab, 2001; Megersa, 2010 and 

Ayeletet al., 2013,  who reported a 3%, 14.2% and 3.8% prevalence, respectively. It 

was not unexpected to find higher serological prevalence than clinical prevalence as 

poxvirus antibodies can be detected in animal sera much more frequently than 

poxviruses can be isolated from them (Marennikova, 1975).  

 

Among the risk factors screened for an association with seropositivity of camelpox 

antibody, age group was found the only significantly associated factor, where 

seroprevalence increased positively with age. Adult animals that consistently get 

exposure with cumulative increase in neutralizing antibody titer than the young ones 

could explain this finding. In addition, camelpox has fatal outcome in young camels 

(Kritz, 1982; Khalafalla and Mohamed, 1996), where antibody detection is less likely. 

Khalafalla and Mohamed (1996) reported increasing clinical cases of camelpox with 

decreasing age except for camels less than one old year. Generally, young aged below 

4 years old in a herd experiences severe (generalized) form causing high mortality 

occasionally due to waning of acquired immunity after 5–8 months (Nothelferet al., 

1995). 

 

Sex wise analysis revealed no statistically significant difference between the two sexes. 

The role of sex for susceptibility to camelpox is unsettled in the body of science as the 

findings of others also contradict each other on this aspect (Kriz, 1982; Khalafalla and 

Mohamed, 1996; Mahmoud, 2012). Moreover, seroconversion was not significantly 

affected by herd size as well as study districts. These might be attributed to the 

contagious nature camelpox virus, which is not considered as a disease of herd 

importance. In addition, the pastoral production system familiar with migratory nature 

of camel herders together with sharing the same communal grazing and watering points 

as well as close proximity of the two districts (Fig. 1) might also be the possible 

reasons for these findings.  

 

Camelpoxwas reported to occur during the short and rainy seasons by informant 

groups. This is in general agreement with the reports of Werneryet al., 1997a, b; 

Wernery and Kaaden 2002 and Khalafalla and Ali, 2007 who demonstrated higher 

occurrence of camelpox outbreaks during rainy seasons with the appearance of more 

severe forms. Specifically, the relatively higher incidence report in sugum (short rainy 
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season) than kerma (major rainy season) of this study was consistent with finding of 

Megersa, 2010, who reported the highest occurrence of the diseases during the minor 

wet followed by the major wet seasons. The author suggested moisture as enhancing 

mechanism of virus stability in the environment and increase subsequent transmission 

to susceptible animal in rainy seasons. On the other hand, Werneryet al., 1997a 

reported the associated occurrence of the disease with the increased density of the tick 

population during the rainy season. This contradicts with the present finding where 

higher density of the tick population was reported to occur in the long and short dry 

seasons (Fig. 2). Of importance, further studies are recommended to ensure the 

involvement of arthropods in the transmission of CMLV (Duraffouret al., 2011).  

 

Pastoralists have clear knowledge of the seasonality of camelpox, which is in 

agreement with modern scientific laboratory based reports. However, camel diseases 

like trypanosomosis were reported to occur in the dry seasons by informant groups 

although it was known to occur commonly during the wet season when the biting fly 

population is abundant (Luckinset al., 1988). This was associated with feed and water 

shortage that results in immuno-deficiency of camels. The situation in camelpox was 

however different which still reported to occur in the rainy season that shows synergic 

effect with the scientific reports. 

  

According to the presentseroepidemiological study, it seems that camelpox is endemic 

in Gabi Rasu zone.Antibodyof the disease was detected from all villages included in 

the study that implies the wide distribution of the disease regardless of geographical 

location in the zone. 

 

Furthermore, pastoralists reported camelpoxas one of the most five common camel 

diseases with seasonal occurrence during the minor and major rainy seasons of a 

year.Age of the camel was identified as the major risk factor associated with 

seropositivityof the disease both at univariable and multivariablelogistic analysis, 

where seroprevalence was increased positively with age. Therefore, vaccination 

program, especially young camels, before the start of rainy seasonalongside with 

improved management strategies could have a paramount importance in the 

improvement of herd immunity and in reducing the circulation of camelpox. 

Considering the fact that camels are the single reservoir host of camelpox, in the long 

term there should be nationalstrategic vaccination and surveillancepolicy targeting 

eradicationof the disease. In this context, the development of heat stable camelpox 

vaccine would facilitate its use in hot, dry and inaccessible regions where the camel 

reared by involving community based vaccination programmes.  
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