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Preface 
 

Livestock research directorate is one the 8research directorates of Oromia Agricultural Research Institute 

(IQQO) with a general objective generating and adopting improved livestock technologies the use of which 

increases the productivity and production of diverse livestock species and income of the livestock keepers 

those contributing to the  improvement  of the livelihood of communities. 

 

To fulfill its objective, the directorate has been organized into six research teams, namely Dairy, meat, 

apiculture, poultry, fisheries, and animal feed resources and rangeland improvent research teams. Each of 

these teams generates suitable technologies related to the commodities they address. Currently one or 

more of these research teams operate in ten of the seventeen research centers of IQQO. Dairy and meat 

research teams operate only in three research centers namely, Adami Tulu and Bako Agricultural 

Research Centers and in Yabello Pastoral and Agro-pastoral Research Center. Feed resources and range 

land improvent as well as apiculture research teams operate in eight research centers namely, Adami 

Tulu, Bako, Sinana, Mechara, Fedis, Haro Sabu and Bore Agricultural Research Centers and in Yabello 

Pastoral and Agro-pastoral Research Center. In addition, apiculture research is also undertaken in Holeta 

Bee Research Center which is also a national apiculture research coordinator. Poultry research team 

operates in Adami Tulu and Bako Agricultural Research Centers while fishery research is currently 

operating only in Batu Fishery and Other Acuatic Resources Research Center focusing both on capture 

and acuaculture.  

 

From each of the above mentioned teams, a number research activities are annually completed as a result 

of which physical technologies as well as valuable information are released. The importance of reviewing 

these completed activities at institute level and compiling them as proceeding is long been recognized. 

Accordingly so far 3 proceedings were published sine 2016 and this is the 4th proceeding of the 

directorate. This proceeding contains a total of 24 research results (1 from dairy research team, 4 from 

meat animals research team, 8 from feed resources and range land improvement research team, 9 from 

apiculture research teams and 2 from fishery resources research teams) which were completed during the 

2018/19. The information provided in each of these research results are valuable for different 

beneficiaries depending on the interest, the level of  understanding and the resources they have to utilize 

the technologies or the information provided.   

 

Tesfaye Alemu 

Director, Livestock Research 
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Abstract 

The study was conducted in Gutogida, Diga and Sibu sire districts of East Wollega, Bakotibe and 

Ilu galan of West Shaw zones and in Bako agricultural research center with the objectives to 

assess constraints associated with hormonal assisting artificial insemination and to evaluate the 

response of Horro (Bosindicus) cows after estrous synchronization. In this study, structured 

questioner was used and a total of 210 respondents (180 small holder dairy farmers, 10 animal 

health workers, 10 animal production professionals and 10 AI technicians were interviewed. 

Retrospective data from specified districts were also included to identify constraints associated 

with hormonal assisting artificial insemination in the study areas. The study indicated that most 

of the respondents (93.33%) were took training on the issue of mass estrous synchronization, AI 

services before the commencement of the program. However, most of the respondents (57.78%) 

had moderate knowledge on heat detection and only few (27.22%) of them can keep the record of 

their synchronized cows/heifers. 

The main restraints for  the low  success rate  of on farm hormone assisted artificial insemination 

(estrus synchronization)were identified as  failure of conception (42.22%), using of poor 

management of cows/heifers (15%), difficulty in heat detection by the farmers (13.89%), skill gap 

and unavailability of artificial insemination technicians (AITs)(12.78%) and poor hormonal 

responses (11.11%). 

Therefore, to enhance the genetic potential of low dairy cows through cross breeding scheme, 

revising of the existing hormone assisted estrus synchronization, artificial insemination delivery 

system, improving the ability of farmers and experts on the handling and management of dairy 

cows/heifers should be due in place. Moreover, awareness creation should be done to change the 

attitude of farmers on hormone assisted estrus synchronization. 

 

Keywords: Constraints, Artificial insemination, mass estrus synchronization  

 

1. Introduction 

 

Artificial insemination (AI) is a proven bio-technique, which is used globally to improve the 

genetic makeup of the cattle and thereby improve their production and reproduction traits 

(Noakes, 2009). However, the overall impact of AI can only be achieved when it is coupled with 

proper animal husbandry practices. Over the years, there have been efforts to improve the 

productivity of native breeds through the introduction of AI program with improved exotic dairy 

breed (Ali et al., 2013). However, the success of such programs so far is far from satisfactory due 

to numerous factors, which includes substandard nutrition, poor management and infrastructure 

mailto:dbekele2010@gmail.com
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status. Thus, dairy producers have been complaining about poor reproductive performance in 

cattle, which were exposed to AI (Lemma and Kebede, 2011). 

Crossbreeding work in Ethiopia has been initiated in the early 1950s when Ethiopia received the 

first batch of exotic (Friesian and Brown Swiss) dairy cattle from the United Nation Relief and 

Rehabilitation Administration (Aynalem, 2006). However, formal breed improvement research 

started in early 1970's at Bako, MelkaWerer, Adami Tulu and Holleta Agricultural Research 

Centers. Thus, crossbreeding program with three exotic breeds as sires (Friesian, Jersey and 

Simmental) and three local breeds as dams (Horro, Boran and Barka) have been carried out for 

about three decades along with several management studies. Crossbreeding program was planned 

for upgrading the local cattle with the infusion of Bos taurus blood. AI program always demands 

to keep records of non-return rate, conception rate, service per conception and calving rate in 

order to properly evaluate the reproductive efficiency of cows, skill-ness of the inseminators, 

fertility and semen quality of bulls. Ideally, optimum economic fertility could be achieved with a 

pregnancy rate of 80% after the first insemination, a maximum of 1.3 services per conception and 

an average interval of 85 days between parturition and conception (Morrow, 1980). Conception 

rate determines directly to the total profitability of farm enterprises. There are many genetic and 

non-genetic factors, viz. genotypes of cow, genotype of bull, age and parity of cow, semen quality 

and season. 

 

A successful AI program is dependent upon optimization of the number of healthy cycling 

females at the beginning of the breeding season, careful attention to sire selection, 

implementation of appropriate estrus synchronization, low stress cattle handling, purchase of high 

quality semen, proper semen handling and insemination technique, and good nutritional 

management before and after AI. Conception rate is directly associated with the production 

attribute and responsible for monitoring life time productivity of the individual animal (Nicholson 

et al 1986). In Oromia, around the year a large number of animals remain barren or unproductive 

by hormonal assisting artificial insemination and become a burden for the farmers.  Low 

conception rate were reported during ADPLAC from East Wollega zone hormonal assisting 

artificial insemination. Some farmers were reluctant to bring their cows for artificial insemination 

on onset time (72 hour) after hormonal treatments. There is also reported the repeating breeding. 

However pregnancy rate were reported 60% in Ahmara, Tigray and Sounth regions (Azege, 

2013). Different genotypes of cattle respond differently to oestrus synchronization (Amsalu et al, 

1988, Mukasa- Mugerwa et al 1989). Study conducted at Adami Tulu indicated that crossbred 

animals came into heat 18.9 hrs earlier than Borana animals. Differences have been observed in 

the in endocrinology, estrus behavior and LH release pattern between Brahman and Hereford 

cows (Rhodes and Randel, 1978). 

 

Livestock Maters Plane  Road Maps for  GTP II (2015/16-2020)  crossbred dairy cattle  will 

produce an average of 6 liters of milk per day vs 1.9 liters/day for local cattle milk (an increase of 

216%),  weigh 375 kg while the average live-weight of adult local animals is 280 kg , have a 

lactation length of 270 days on average vs 200 days for local breeds (an increase of 35%) and 

give  average milk production per year of 1,053 vs milk production of 247 liters/year for local 

breeds (a 326% increase).  This plan is targeted to be aligned with the long-term plan of the 

Livestock Master Plan (LMP, 2015 that targets to improve the dairy genetics through artificial 
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insemination (AI) combined with estrus synchronizations. Therefore, before starting the second 

phase of AGP II it is very crucial to identify the problem associated with estrus synchronizationin 

order to achieve the intended plan.  

Reproductive performance of animals has a vital role in improving productivity. Reproductive 

performances are a milestone for dairy animals to produce maximum calf crops in the animal 

lifespan and make dairy keepers profitable. Estrus detection is a tough work and time taken 

activities with limited success to obtain maximum reproduction performance. To fill this gab 

estrus synchronization with prostaglandin hormone were developed. The success of this hormone 

was confirmed and the extension of this technology is distributed across the world. Among 

economically important reproductive traits identified and well recognized estrus synchronization 

(Hormone treatment) is the most important for the success of reproduction. Artificial 

insemination supported by synchronization of estrus could hasten selection and the introduction 

of improved genotypes. Estrus synchronization is a biotechnological device that helps to plan for 

better reproductive performance in dairy enterprise in order to get maximum pregnant cows at 

specified period of time. The response of Horro cattle breed on estrus synchronization is not 

studied in controlled environment. Horro cattle breed are commonly found and plays major socio-

economic activities of the communities but theoretically perceived as low respondent to estrus 

synchronization about 7% have been achieved from previous efforts which is far below  other 

regions such as Amahara and Tegray regions which are around 60%, so that maximum effort has 

to be made in case Oromia Livestock Agency in general and Livestock research Process of 

BARC in particular. However this hormone was used on farm in our mandate area, through the 

Oromia Livestock Agency in collaboration with other Projects like LIVES of ILRI. Even though, 

the farmers are complaining this technology due to very poor conception rate and very low 

success. Therefore; the objectives the study was to assess constraints associated with the 

hormonal assisting artificial insemination and to study the response of Horro (Bosindicus) cows 

after estrous synchronization. 

 

2. Materials and Methods 

 

2.1 Study areas 

Study was conducted in western Oromia where hormonal assisting artificial insemination was 

implemented namely in Guto Gida, Sibu Sire and Diga from East Wollega and Bako-Tibe and 

Illu-Galan from West Shoa zone as well as  at Bako Agricultural Research Center which is 

located in West Shoa Zone of Oromia Regional state at about 258 km west of Addis Ababa at an 

average altitude of 1650 m.a.s.l.  

 

2.2 Survey 

The major users of hormonal assisting AI service in the two zones were purposively selected to 

undertake the study. From each districts two Kebele’s (Ganda) were selected depending on 

estrous synchronization using history.  A total of 36 farmers from each district over all (write 

total numbers of respond here) were interviewed with structured questionnaire.  Moreover, animal 

health workers, AI technicians and animal production experts from each district were contacted to 

generate additional information on the efficiency of mass estrous synchronization for better AI 

delivery system. The data on the status of hormonal assisting AI services and constraints 
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associated/ related with other AI service were collected. Before the commencement of the actual 

interview process, the objective of the study and other related issues were briefly introduced to 

each respondent in the study areas.  Secondary data were also collected from respective district 

livestock agency.  

 

2.2.1 Observational assessments  

After commencement of survey work, observational assessments were made with districts 

livestock agency. The Observation was undertake for season, time of insemination, body 

condition, parity, feed availability, type of breeds and semen motility, hormonal response, semen 

handling and recording keeping. 

 

2.3: On station Evaluation  

The study was undertaken at Bako Research Center. A total of 40 non-pregnant normally cycling 

cows were randomly divided into two groups (20 cows per group). Cows in one group were 

synchronized by injection with 2ml of prostaglandin F2 analogue (estrumate) intramuscularly 

while cows in the other group did not synchronized with prostaglandin F2 and inseminated as 

usual by flowing normal heat sign. Pregnancy diagnosis (PD test). 

Estrous detection was made by continuous visual observation by a trained technician. Cows that 

failed to respond to treatment were inseminated following their regular cycle. Pregnancy test was 

conducted after90 days of insemination by palpation through  rectum. Cows in the control group 

were inseminated following their regular cycle. Different parameters were also calculated for on 

station work using the following formulas 

 

Abortion rate=Number of abortions/ Number of pregnancies *100 

Calving rate=Number of calving /Number of pregnancies *100 

Fertility rate=Number of live births /Number of inseminated cows *100  

Live birth rate=Number of live births /Number of calving *100  

Birth weaning mortality rate=Number of death calves /Number of live births 

*100 

 

2.4. Data analysis  

Data analyses (frequencies, percentages) were computed using the descriptive statistics 

procedures of Statistical for social sciences (SPSS, version 20). 

 

3. Results and Discussion 

 

From the observation made the season, time of insemination, body condition scoring, party of the 

cow, hormonal responses, semen handling and record keeping have their own drawbacks. As the 

report of experts, the time when the hormone made available and the time when the group were 

made ready to accomplish the activity didn’t match   which mean when the hormone made 

available the animal were  not ready to  be injected and inseminated since the cows were not 

flushed  to make them ready.  Parity of the cows were also not considered as criteria, farmers 
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brought their own cows within 72 hrs of onset of estrus signs and the cooling facilities that the AI 

technicians used for AI service is also not enough.  

Some of the problems associated with estrus synchronization were identified as synchronization 

of cows with poor management which leads to less response to hormone and inseminating cows 

with low quality semen without checking its viability and motility. 

 

Farmers’ (respondents) speculation and awareness on mass estrous synchronization 

Majority (42.22%) of the respondents reported that low success of mass estrous synchronization 

and AI services have come from failure of conception  followed by poor management of 

cow(15%) before and after estrous synchronization (Table 1).Similar to our finding, Azage et al. 

(2016); Getawu et al.; (2018) in Amahara region indicated less success of mass estrous 

synchronization due to poor conception, poor management of cows/heifers before and after 

synchronization and skill gab and unavailability of AIT, But none of them reported disease as 

cause for less success of mass estrous synchronization AI service as current finding. 

Among the participant farmers about 11.11% were reported poor hormonal responses for 

synchronized animals and 12.78% of the respondents complaining about skill gab and 

unavailability of AITs. In addition to farmers speculation the professionals also listed out similar 

and additional thought for less success of mass estrous synchronization and AI services, such as? 

Poor hormonal response, skill gab in heat detection and other related issues. 

Therefore; for successful mass estrous synchronization for more AI services it is good to reduce 

or avoid all the speculation of the farmers through engagement of the farmers into the work and 

awareness creation for farmers and district professionals as well through training 

 

Table 1. Respondent responses for low success rate of mass synchronization and AI service in the 

study areas. 

 

Variables 

No of respondents in each district (%) 

Diga GutoGida Sibu 

sire 

BakoTibe Ilu 

galan 

Total no of 

respondents (%) 

Poor hormonal 

responses 

16.67 13.89 11.11 8.33 5.56 11.11 

 Failure of conception  50.00 41.67 38.89 38.89 41.67 42.22 

Poor managements of 

cows/heifers  

11.11 13.89 25.00 5.56 19.44 15.00 

Skill gab and 

Unavailability of AITs 

11.11 13.89 5.56 19.44 13.89 12.78 

Difficulty in heat 

detection by farmers 

8.33 11.11 13.89 25 11.11 13.89 

Disease 2.78 5.56 5.56 2.78 8.33 5.00 

Total 100 100 100 100 100 100 

 

Although, most of the respondents (93.33%) took training on the issue of mass estrous 

synchronization and AI services before the commencement of the program, still the knowledge 

for heat detection of the  respondents (57.78%) were  moderate and only 27.22%of the 
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respondents can keep record keeping of their synchronized cows/heifers (Table 2).Few farmers 

also stated and perceived as estrus synchronization hormone make their cows/heifers sterile.  

 

Table 2. Respondent responses about mass synchronization and AI service in the study areas. 

 

Variables 

 

Categories 

No of respondents in each district (%) 

Diga Gutogida Sibu 

sire 

Bakotibe Ilu 

galan 

Total no of 

respondents 

(%) 

Keeping of 

records (N) 

Yes 5 12 6 16 10 27.22 

No  

31 

 

24 

 

30 

 

20 

 

26 72.78 

Perception of 

respondents (%) 

Very good 12 14 10 13 14 35.00 

Moderate 18 18 19 20 21 53.33 

Poor 6 4 7 3 1 11.67 

Knowledge on 

heat detection (%) 

I know very 

well 

 

10 

 

11 

 

10 

 

15 

 

13 32.78 

I know 

moderately 

 

24 

 

22 

 

19 

 

18 

 

21 57.78 

I don’t 

know 

2 4 7 3 2 

10.00 

Participation  of 

respondents on the 

program (N) 

Yes 32 26 24 30 26 76.67 

No  

4 

 

10 

 

12 

 

6 

 

10 23.33 

Is training given 

for the 

respondents before 

(N) 

Yes 34 30 34 35 35 93.33 

No  

2 

 

6 

 

2 

 

1 

 

1 

6.67 

Availability of 

privet AI services 

(N) 

Yes 2 8 1 0 0 6.11 

No 34 28 35 36 36 

93.89 

N= number of respondents 

 

Dairy Cattle feeding 

Majority of the respondents 63.89% reported that sufficient feed availability throughout the year, 

while 36.11% faced feed shortage particularly for three months of the year in April, May and 

June. Grazing with 45% is the most important feeding systems for animal in the study area 

followed by crop residue and hay with average 31.11% availability (Table 3). Among the 

respondents who had participated in the hormonal estrus synchronization program, only 32.78% 

of the respondents supplemented hormone treated cows/heifers with concentrates or mixture 

made at home, this is similar with the report of Gatewetal.,(2018) in Amahara region. However, 

majority (33.33%) of the respondents need concentrate feeds for supplementation of milking 

cows at the time of milking (Table 3).  
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In general, milking cow supplementation practiced more in the study area rather than 

synchronized cows/heifers. Farmers ‘feeding trend is among the major obstacles which can 

negatively affect success rate of estrus synchronization (Day and Greay, 2005; Gizaw et al., 

2016). This dictates awareness creation as well as development and distribution of synchronized 

cow feed supplementation strategies (Adebabay et al., 2013). 

 

Table 3. Dairy cattle feed availability and Supplementation 

 

Variables 

 

Categories 

No of respondents in each district (%) 

Diga Gutogida Sibu 

sire 

Bakotibe Ilu 

galan 

Total no of 

respondents 

(%) 

Is there enough 

feed for your 

animal 

throughout the 

year 

Yes(9 months) 20 24 26 23 22 23(63.89) 

No (3 months) 

16 

 

12 

 

10 

 

13 

 

14 

 

13(36.11) 

 

What are 

common feed to 

your animals 

Grazing 18 16 14 16 17 16.2(45.00) 

Crop residue and 

hay 

10 

 

11 

 

12 

 

12 

 

11 

 

11.2(31.11) 

Atela and other 

food left over 

8 

 

9 

 

10 

 

8 

 

8 

 

8.6(23.89) 

What types of 

animals do you 

supplement 

Milking Dairy 

cows 

12 

 

14 

 

8 

 

13 

 

12 

 

12(33.33) 

Synchronized 

cows/heifers 
10 10 10 12 10 

10.2(28.33) 

Oxen 8 9 12 8 11 9.6(26.67) 

Calves 6 3 6 3 3 4.2(11.67) 

Supplementation 

of estrous 

synchronized 

cow 

With concentrate 

or mixture made 

at home from 

12 14 8 13 12 11.8 (32.78) 

With crop 

residue or hay  

18 18 22 20 21 19.8 (55.00) 

No 

supplementation 

6 4 6 3 3 4.4 (12.22) 
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Figure 1: Common feeds that the respondents farmers feed their cows in the study area 

 

Table 4. Status of hormonal synchronization estrus response and fertility rate of cattle at different 

districts and on station  

Districts 

 

Cow synchronized  

with PGF2α 

hormone 

Cow responds to 

hormone 

inseminated (%) 

PD checked 

+ve (%) 

Calves 

born (%) 

Abortion 

(%) 

Diga 2680 78.25 30.04 6.25` 0.79 

Gutogida 1904 80.25 11.85 8.44 0.00 

SibuSire 2633 86.10 81.83 6.57 1.40 

BakoTibe 2138 87.98 48.69 28.05 1.35 

Ilu Gelan 1350 73.56 18.53 6.04 0.00 

BARC 40 85 55 55 0.00 

Source: secondary data from Livestock Agency and on station work result 

 

The total numbers of cattle are different in different districts; and it is difficult to compare the 

result obtained but for simple observation it is directed in the table above since the data were 

taken from different districts secondary data. 

 

Table 5. On station results for few reproductive parameters for synchronized cows 

Parameters Value (%) Remarks 

Abortion rate 0.00 No abortion 

Calving rate 64.71  

Fertility rate 55.00  

Live birth rate 100.00 All born live 

Birth weaning mortality 0.00 No mortality 
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Even though the sample population is few, it is possible enough to falsify the farmers believing 

that synchronization of cows/heifers with hormone make their animal sterile. 

 

4. Conclusion and Recommendation  

 

The low success rate of estrous synchronized cows has led farmers to lose their confidence on 

mass synchronized AI services. From this, it is concluded that if we still want fast improvements 

of our cattle through cross breeding revising of the estrus synchronization operation system is 

essential and the following sets of recommendations are forwarded to stockholders that 

implement interventions to improve the success of on-farm estrus synchronization in dairy cattle.  

 

Recommendations  

 Engaging of farmers in estrus synchronizations and AI service before synchronizing of 

their cows to improve their knowledge/skill on estrus synchronization and associated 

cows management conditions.  

 Improving poor heat detection of farmers for proper time of AI insemination. 

 Awareness creation should be also done towards changing the attitude of farmers on 

estrus synchronization 

 Appropriate animal selection should be done before implementing estrous 

synchronization and AI service. 

 Proper management should be given for estrous synchronization cows before and after 

mass estrous synchronization and AI services. 

 Poor technical ability and lack of experiences in AI service of AI technician who work in 

the district should be improved through practical training. 
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Abstract 

 

The study was conducted in Dugda and Lume districts from east Shoa zone as well as Kofele and 

Adaba from west Arsi zone of Oromia regional state. The objectives of this study were to 

establish the relationship between live body weight and linear body measurements of Arsi-Bale 

sheep and to determine the best regression model for prediction of live body weight from linear 

body measurement in the study areas. Purposive and simple random sampling was employed to 

select the study districts and the required number of sheep for body weight and linear body 

measurements. Overall a total of 1463 heads of Arsi-Bale sheep in different ages and sex groups 

were used for this study. Data on body weight (BW), body length (BL), neck length (NL), Body 

length (BL),Chest girth (CG), height at wither (HW), cannon bone length (CBL), cannon bone 

circum (CBC), tail length (TL), chest width (CD), rump depth (RD) and height at rump (HR) were 

analyzed to determine  the relationship between linear body measurements and  body weight. 

Stepwise regression analysis was used to predict live body weight from linear body 

measurements. The result indicated that live body weight was significantly influenced by body 

length, chest girth and other leaner measurements sheep. Compared to other linear measurement 

live body weight was highly correlated with heart girth (CG) around the chest (r > 0.80) 

compared to other body measurements. The stepwise regression models indicated that heart girth 

singly accounted highest variation (more than 90%) in body weight for all group of sheep. It was 

concluded, that heart girth is the most important trait for estimation of live weight in Arsi-Bale 

sheep and the prediction equation for this breed of sheep is live body weight = - 42.17 + 0.75 HG 

with R2 = 0.80. Hence, validation of this model is very important to develop and recommended 

best regression model for prediction of live body weight for sheep producers under farmer 

conditions. 

 

Keywords: body weight, linear body measurement, stepwise regression 

 

BACKGROUND AND JUSTIFICATION  

 

Ethiopia has 30.69 million heads of sheep which are distributed all over agro-ecological Zones of 

the country CSA (2017). Arsi-Bale sheep breed is among the diverse indigenous sheep genetic 

resource distributed in different agro-ecologies of Ethiopia. Sheep has many functions for 

smallholder farmers to fulfill their financial obligation at the time of crop failure. Not only 

improving the production and productivity of the animal but also increasing the income of 

smallholder farmers from selling of animal is very important to improve their livelihood. As a 

mailto:getgdd@yahoo.com
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result of this, knowledge on how to estimate the body weight of sheep under field condition is 

very crucial for smallholder farmers to sell their animals at the right time, at the right place with 

good market prices. Knowing the body weight of animal for feeding of the animals according to 

their nutrient requirements, for appropriate dosages of drug administration, on time culling of 

under growing animals, selling of animal to export abattoirs, evaluating the trend of body weight 

change of sheep over certain periods of time are very important for small holder farmer to 

estimate the live body weight of the sheep under farmer’s management conditions. Now a day, 

the cost of weighing scale is very high and it is hardly available at farm level, hence prediction of 

body weight from linear body measurement helps smallholder farmers to measure the body 

weight of their sheep. Moreover, it also important to measure the body weight of sheep for 

community-based sheep genetic improvement program. Developing regression model for 

estimation of live body weight from linear body measurement can help smallholder farmers to 

measure the body weight of their animal when and wherever they want. Estimating of the live 

weight of sheep using certain linear body measurement is practical, faster, easier and cheaper in 

the rural areas for smallholder farmers (Nsoso et al., 2003).  Measuring of linear dimensions are 

relatively ease in field conditions to use as an indirect way to estimate body weight (ESGPIP, 

2009).  Studies regarding the linear body measurement of sheep have been carried out in other 

region of the world and their possible use for estimating the animals live weight (Thys and 

Hardouin, 1991; Edeaet al., 2009; ESGPIP, 2009; Getachew et al., 2009). Estimation of body 

weight from linear measurement of Horro, Bonga Afar and Menz sheep were studied by ESGPIP 

and equations to estimate weight using linear measurements for different sexes and age groups of 

these sheep breeds were developed (ESGPIP, 2009). Body measurements have been used to 

predict body weight by several authors in many breeds of sheep (Aziz and Sharaby, 1993, Atta 

and El Khidir, 2004; Riva et al., 2004; Afolayan et al., 2006; Sowande and Sobola, 2007; Iqbal, 

2010). They reported that different models might be needed to predict body weight in different 

environmental conditions and breeds. The need to estimate live weight of animals especially 

sheep from simple and easily measurable morphological variables such as linear body 

measurements of different parts of the body become evident.). Therefore, live weight can be 

predicted via morphometric measurements in pasture (Atta and El khidir, 2004. Even though 

estimation of body weight from linear measurement has many functions for smallholder farmers 

the equation used to estimate the body weight of Arsi-Bale sheep under field condition from 

linear measurement is not developed yet.  Hence, this study is aimed to develop a regression 

equation model for estimating the live weight of Arsi-Bale sheep using linear body measurements 

to achieve the following objectives 

 To establish the relationship between live body weight and linear body measurements in Arsi-

Bale sheep. 

 To determine the best regression model for live weight estimation to be used by farmers 

without the use of weighing scale under farmer condition. 

 

MATERIALS AND METHODS  

 

The study was carried out in East Shawa, West Arsi and Arsi Zones of Oromia national regional 

state. Two districts per Zone and two kebeles per District was purposively selected based on the 
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availability of large number of sheep and accessibility of the areas for data collection. The 

selected districts was includes different agro-ecological Zones which are found in high, medium 

and low altitude to cover at least all the ecological zones in the selected Zones. Based on the total 

number sheep flocks, 30 smallholder farmers who have 5 sheep were selected from each selected 

kebeles in each selected district. Overall 12 kebeles (2 kebeles per district) and a total of 360 

housed holds and 14263 Arsi-Bale sheep (1200 female and 263 male) were measured for linear 

body measurements in order to predict body weight. The age and sex of the sheep were 

considered as independent variable that could substantially determine these body traits. The 

animals were classified into two sex groups ( male and female) and four age groups  such as 

0PPI, 1PPI, 2PPI, and 3PPI which refer for no pair of permanent incisor (6-12 months), one pair 

of permanent incisors (1-1.5 years), two pairs of permanent incisors (1.5-2 years), and three pairs 

of permanent incisors (2.5-3 years) respectively. The age category was determined according 

their permanent incisors dentition as outlined in ESGPIP (2009). The animals were measured in 

their standing position at farm gate  using plastic measuring tape and measuring stick and at the 

same time their body weight were  taken using a 50 kg size spring balance early in the morning 

before allowing the sheep for grazing. In case of male data was collected only from intact sheep. 

Stepwise regression procedure was carried out to generate models (equations) for prediction of 

body weight of both male and female sheep separately from linear measurements. The best fitted 

prediction model was selected with smaller the mallow’s parameters), mean square error (MSE) 

and higher R2values. The following linear body measurements were taken as per the procedures 

of ESGPIP (2009).  

 Body length: the distance from the base of the tails to the base of neck (first thoracic 

vertebrae) 

 Wither height: the distance from the surface of a platform on which the animal stands to 

the wither. 

 Heart Girth (HG): Heart girth is a circumferential taken around the chest just behind the 

front legs and withers. The measurement should be taken to the nearest 0.5 cm.  

 Height at withers (HTW): This measure the distance from the surface of platform on 

which the animal stands to the withers. The measurement is best made by using a special 

measuring stick made with two arms one which held vertical and the other at right angles 

it sliding firmly up and down to record height.  

 Height at Hip (HTH): Height at hip is the distance from the surface of a platform to the 

hip using a measuring stick as described for height at withers.  

 Body length (BL): Body length refers to the distance from the base of tail to the base of 

neck.  

 

Data to be collected 

 Linear body measurement such as body length, heart girth, height at wither, tail length, horn 

length and chest depth of all age groups. 

 Body weight of each both age and sex categories of sheep 

 

Statistical analysis  
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Pearson’s correlation coefficients between body weight and different linear body measurements 

were computed within each sex group and dentition categories. Stepwise multiple regression 

analysis was used by including the different linear measurements individually and collectively, to 

identify the best predictor variable for estimating the live body weight. In this regression analysis, 

only the independent variables that were significantly correlated with live body weight were used 

in generating the predictor models, starting with those having highest correlation coefficient 

values. The choice of the best fitted regression model was selected using coefficient of 

determination (R) and mean standard error (MSE). The following multiple regression models 

were used to estimate body weight from body linear measurements both for male and females in 

different age groups.  

Yi = β0+ β1X1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + + ej for female, 

Yj = β0+ β1X1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + + ej for male, 

 

Where, Yi= dependent variable body weight for female and  

Yj= dependent variable body weight for male sheep 

 β1= regression coefficient of body weight on heart girth, 

X1= linear measurement heart girth 

β2= regression coefficient of body weight on body length, 

X2= linear measurement body length  

β3= regression coefficient of body weight on height at wither, 

X3= linear measurement height at wither 

β4= regression coefficient of body weight on tail length, 

X4= linear measurement tail length 

β5= regression coefficient of body weight on neck length  

X5= linear measurement neck length 

β6= regression coefficient of body weight on chest depth 

X6= linear measurement chest depth 

 

RESULTS AND DISCUSSION 

 

Live body weight and linear body measurements. 

Consideration on live body weight and linear body measurements of the existing breed types has 

a vital role in the selection program (Bosenu, 2012). Similarly, Tesfaye (2008) reported that 

information on body and testicle size of specific sheep breed at constant age has paramount 

importance in the selection of genetically superior animals for production and reproduction 

purpose. Therefore, live body weight and linear body measurement is playing a crucial role in 

genetic improvement and selection of specific breed. The mean live body weight of female 

highland of Ars-Bale sheep in the five age categories (0 PPI, 1 PPI, 2 PPI ,3 PPI and 4PPI) were 

recorded  as 22.41±0.37, 22.74±0.29, 25.30±0.44,28.79±0.26and 24.98 ±0.22kg, respectively. 

This value was higher than  the finding of Ashebir .W(2019) for  age  two  and three but lower 

value for age one and four groups  for the same breed reported by  Alemayehu and Tibako (2010)  

for  highland  sheep in Tigray while the mean body weight for male of the  five  age category (0 

PPI, 1 PPI, 2 PPI ,3 PPI and 4PPI)  recorded as 22.22±0.35, 23.47±0.68 , 32.79±1.50 ,32.55±0.62  

and 28.65±1.46kg.The mean value of chest length (heart girth)of sheep in the study areas were 
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recorded as 66.48±0.50, 67.74±0.30, 69.78±0.69,73.03±0.31, 70.57±0.21for female and 

65.43±0.34, 66.25±0.65, 74.38±1.27, 74.80±0.35 and71.75±1.33 for male respectively. The 

maximum values were observed in ages three and four groups for both ewes and rams as 

compared to age one and two groups. These showed that body weight and linear body 

measurements were increase with increase dentition class. According to Mekasha (2007), body 

size and shape of the animal rises until the animal reaches optimal growth. Due to rams older than 

one year are subjected for selling or castration, it is very difficult to find male sheep of this breed 

greater than one and two years old at farm conditions. Only few rams are maintained by some 

farmers for the breeding purpose, as a result of this we did not get many rams greater than one 

year old in our study. The results of the present study on linear body measurements and live body 

weight of Arsi Bale sheep reared under farmer condition was presented in tables 1. 
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Table 1. Mean (±SE) for body weight (kg) and linear body measurement (cm) for Arsi-Bale highland sheep breed in the study district  

Parameters          Female age group Male age group 

0PPPI 1PPI 2PPI 3PPI 4PPI 0PPI 1PPI 2PPI 3PPI 4PPI 

CBL 12.12±0.08 12.65±0.07 12.61±0.08 12.93±0.06 12.72±0.06 12.13±0.08 12.71±0.15 13.19±0.38 12.92±0.17 13.21±0.26 

CBC 6.42±0.04 6.24±0.03 6.50±0.05 6.59±0.03 6.33±0.03 6.67±0.05 6.53±0.08 7.13±0.13 6.88±0.08 6.71±0.10 

TL 31.59±0.40 28.41±0.44 31.81±0.49 32.06±0.32 28.37±0.32 30.38±0.49 30.02±1.11 28.63±0.82 32.73±1.42 29.86±1.36 

CG 66.48±0.50 67.74±0.30 69.78±0.69 73.03±0.31 70.57±0.21 65.43±0.34 66.25±0.65 74.38±1.27 74.80±0.35 71.75±1.33 

BL 62.31±0.48 62.70±0.34 64.25±0.62 66.31±0.29 64.85±0.24 60.85±0.41 61.17±0.66 66.00±1.54 65.92±0.87 64.11±1.61 

NL 21.74±0.21 22.54±0.18 23.39±0.66 23.01±0.26 23.22±0.14 21.38±0.16 21.38±0.35 23.81±0.73 24.12±0.43 24±0.89 

HW 57.60±0.41 59.80±0.26 59.71±0.31 60.87±0.29 61.08±0.14 58.17±0.26 60.19±0.62 66.38±0.82 64.85±1.25 64.00±1.10 

HR 59.94±0.31 62.07±0.24 61.60±0.29 62.75±0.27 62.81±0.22 60.10±0.23 62.25±0.55 67.06±0.63 66.19±0.86 65.93±0.95 

CD 24.59±0.17 25.40±0.14 25.87±0.20 27.36±0.22 26.50±0.11 24’.77±0.14 25.63±0.26 28.88±0.69 27.73±0.45 26.89±0.45 

RL 20.33±0.18 19.88±0.14 20.63±0.17 21.01±0.11 20.50±0.10 19.88±0.17 19.65±0.29 22.75±0.88 21.46±0.63 21.00±0.64 

CW 14.31±0.12 14.97±0.10 14.74±0.14 15.17±0.09 15.22±0.09 14.50±0.10 15.63±0.21 16.63±0.63 17.00±0.45 15.71±0.54 

RD 15.90±0.13 16.59±0.10 16.52±0.14 17.24±0.08 16.93±0.09 16.04±0.10 17.11±0.22 18.13±0.61 18.58±0.31 17.82±0.43 

BW 22.41±0.37 22.74±0.29 25.30±0.44 28.79±0.26 24.98±0.22 22.22±0.35 23.47±0.68 32.79±1.50 32.55±0.62 28.65±1.46 

CBL= Cannon bone length, CBC=cannon bone circumference, TL = tail length, CG = Chest girth, BL = Body length, NL= neck length,HW= 

height at wither,HR= height at rump,RL= rump length, CD= chest width, RD= rump depth, BW= body weight 
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As indicated in the figure 1 below, the live body weight and chest girth of male and female Arsi-Bale 

sheep of 2-3PPI was significantly different. The average body weights and chest girth of male in this  age 

group is greater than female in the same age group in our study which is similar with the finding of 

Alemayehu T. and Tikabo G. (2010). 
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Figure 1. Mean live body weight and linear body measurement of Arsi-Bale sheep in different age and sex groups 

 

Determining animal live body weight, linear body measurements and their correlation is important for 

determining genetic potential, breed standards and improved breeding programs for higher meat 

production (Younas et al., 2013).The correlation coefficient among the body weight and linear body 

measurements of Arsi Bale sheep within age and sex groups are presented in Table 2. Correlation is one 

of the most common and useful statistical tools that describes the degree of relationship between two 

variables but not the cause and effect. In our results, live body weight was positively correlated (P < 

0.001) with chest girth, height at rump, height at wither, chest depth, and body length) with moderate to 

high correlation coefficient(r= 0.66, 0.87) for male and(r = 0.60, 0.80) for female. The high correlation 

coefficients between body weight and linear body measurements suggest that either of these variables or 

their combination could provide a good estimate for predicting body weight of Arsi Bale sheep. Of the 
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linear body measurements, heart girth had strong positive correlation with body weight and accounted for 

80% and 87% of the variations in body weight for females and males, respectively. This result is in 

agreement with the previous works done on the same breed inAdami Tulu JidoKombolcha and Bora 

districts from east Shoa Zone as well as Kofele and Asasa from west Arsi Zone of Oromia regional state 

by Ashebir (2019). The correlation of body weight and heart girth had similarity with different breeds in 

North Wollo Zone, Habru, Gubalafto district and in Selale Area, Central Ethiopia, Debre Libanos and 

Wuchale district  as reported by Abera et al.( 2014) and Mohammed et al. (2015).Chest girth was the best 

variable for predicting live body weight than other linear body measurements for both male and female in 

this study .This result agreed with finding Bello, and Adama, (2012) who had reported high correlation 

coefficient between chest girth and body weight both for male and female sheep. 

 

Table2. Coefficient of correlations between body weight and linear body measurements (above diagonal 

for male and below diagonal for female) 

  CBL CBC TL CL BL NL HW HR CD RL CW RD BW 

CB

L 

1 0.196

* 

0.238

** 

0.359

** 

0.239

** 

0.112

** 

0.434

** 

0.493

** 

0.401

** 

0.099 0.447

** 

0.450

** 

0.401

** 

CB

C 

0.106

* 

1 0.505

** 

0.587

* 

0.402

** 

0.218

** 

0.393

** 

0.374

** 

00351

** 

0.489

** 

0.186

* 

0.121

* 

0.576

** 

TL 0.094

* 

0.334

** 

1 0.353

** 

0.247

** 

0.029 0.194

* 

0.202

** 

0.162

* 

0.161

* 

0.135

* 

0.148

* 

0.427

* 

CL 0.246

** 

0.401

** 

0.242

** 

1 0.599

** 

0.466

** 

0.703

** 

0.709

** 

0.664

** 

0.561

** 

0.445

** 

0.462

** 

0.867

** 

BL 0.084

* 

0.334

** 

0.187

** 

0.476

** 

1 0.384

** 

0.550

** 

0.513

** 

0.449

** 

0.548

** 

0.250

** 

0.243

** 

0.536

** 

NL -

0.008 

0.128

** 

-

0.064 

0.195

** 

0.294

** 

1 0.475

** 

0.437

** 

0.381

** 

0.521

** 

0.198

* 

0.154

* 

0.348

** 

H

W 

0.268

** 

0.165

* 

-

0.047 

0.365

** 

0.405

** 

0.299

** 

1 0.945

** 

0.659

** 

0.556

** 

0.415

** 

0.404

** 

0.677

** 

HR 0.283

** 

0.105

* 

-

0.024 

0.315

** 

0.311

** 

0.256

** 

0.696

** 

1 0.663

** 

0.512

** 

0.488

** 

0.496

** 

0.700

** 

CD 0.296

** 

0.275

** 

0.081

* 

0.597

** 

0.450

** 

0.305

** 

0.483

** 

0.427

** 

1 0.423

** 

0.514

** 

0.511

** 

0.648

** 

RL -

0.063 

0.398

** 

0.187

** 

0.406

** 

0.595

** 

0.447

** 

0.313

** 

0.231

** 

0.334

** 

1 0.120

* 

0.005 0.505

** 

C

W 

0.316

** 

0.041 -

0.068 

0.324

** 

0.145

** 

0.107

* 

0.245

** 

0.334

** 

0.407

** 

0.017

* 

1 0.843

** 

0.497

** 

RD 0.361

** 

0.094

* 

0.004 0.396

** 

0.177

** 

0.081

* 

0.310

** 

0.345

** 

0.468

** 

0.026 0.776

** 

1 0.511

** 

B

W 

0.243

** 

0.521

** 

0.364

** 

0.769

** 

0.565

** 

0.151

** 

0.348

** 

0.303

** 

0.587

** 

0.445

** 

0.319

** 

0.432

** 

1 

CBL= Canon bone length, CBC=cannon bone circum, TL = tail length, CG = Chest girth, BL = Body 

length, NL= neck length, HW= height at wither, HR= height at rump, RL= rump length, CD= chest 

width, RD= rump depth, BW= body weight 

 

Prediction of body weight of sheep from linear body measurements  
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The results of multiple linear regression models for predicting the body weight of sheep from linear body 

measurements are presented in Table 3. The high positive correlation coefficient of body weight of Arsi-

Bale sheep seen in the present study with somebody linear  body measurements revealed that the body 

weight could be predicted more accurately based on various body measurements. Best linear regression 

equations were developed to predict dependent variable (BW) from different independent variables. The 

accuracy of functions used to predict live weight or growth characteristics from live animal measurements 

have enormous contribution on the improvement of livestock production and productivity (Tesfaye, 

2008). In the absence of weighing scale in the rural areas, small holder farmers can measure the body 

weight of the sheep by using the developed regression equation from linear body measurement. Previous 

study indicated that body weight and heart girth measurement sufficient for prediction of body weight and 

mathematical equations can be developed based on actual weight-linear body measurements data 

(Solomon and Kassahun, 2009). 

 

Table 3.  Results of stepwise regression model for Arsi Bale Sheep in the study areas. 

Sex Age category BW=a+β1X2+ β2X2+ βnXn R2 Adj. R2 P-value 

Male 0PPI -36.29+0.36HR+0.61CG 0.67 0.66 0.0001 

1PPI -42.1+ 0.80CG 0.85 0.83 0.0001 

2-3PPI -68.77+0.68CG 0.83 0.77 0.0001 

All age category -42.17+0.75CG 0.80 0.80 0.0001 

Female 0PPI -32.98 + 0.20 HR +  0.59 CG 0.73 0.70 0.0001 

1PPI -39.37+0.26HW+0.64CG 0.77 0.76 0.0001 

2-3PPI -37.35 + 0.66 CG 0.77 0.76 0.0001 

All age category -27.72+0.28CD+0.65CG 0.64 0.64 0.0001 

Both sex All age -17.74 +  0.77 CD + 0.20 CG 0.90 0.89 0.0001 

 

From the result of stepwise multiple regression analysis, the most important variable for predicting body 

weight was heart girth than other body measurements in both sex categories. The prediction equation for 

live body weight based on linear body measurements were indicated in Table 3above. The regression 

equation was established as BW:-42.17+ 0.75CL (R2=0.80) when only heart girth was considered for 

male in all age categories. However, the regression equation for female sheep in all age group is relatively 

low as compared to male sheep (BW = -27.72+ 0.65CL, R2=0.64), this finding is similar with 

Muhammad A.,  et al (2014) who reported similar regression equation for Nigerian breeds. When both 

sex and all age groups were considered the regression equation was changed into BW = -37.74+ 0.77CD 

+ 0.20CG,R2=0.90). From the results, we observed that including many linear body measurements did not 

significantly affect the prediction of live body weight from linear body measurements. 

 

CONCLUSION 

 

In the current study, chest girth and chest depth had strong positive correlation with live body weight both 

in male and female groups. The live body weight of the Arsi-Bale sheep regardless of their sex and age 

groups could be estimated based on the linear body measurements. In both sex, chest girth gave the best 

fitted predication model to estimate live body weight of Arsi-Bale sheep than others linear body 

measurements. In this study, we concluded that heart girth, height at withers and chest depth taken 
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individually or their combination best fitted prediction models in most age and sex categories. However, 

in most case these linear body measurements were more predict live body weight of male than female 

sheep in this study. Hence, validation of this predicated equation is very crucial to develop and 

recommended best regression model for prediction of live body weight of Arsi- Bale sheep under farmer 

conditions. 
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Abstract 

 

Morphometric measurements from 1589 Horro sheep (1131 female and 456 male) were used to determine 

relationships between body weight and linear body measurements. Accordingly, Body weight, Body 

length, Height at wither, Chest girth, Chest width, Rump length and Pelvic width measurements  were 

recorded for each animal.  Correlation and regression analysis between body weight and the linear body 

measurements were conducted independently for male and female within the different age categories 

defined using dentition. In most of the analyses, there was a significantly (p<0.001) higher correlation 

between bodyweight and the linear body measurements. Chest girth has showed the most higher and 

consistent correlation with body weight in both sex and the different age categories. Based on the 

correlation results chest girth was primarily used to fit the equation for prediction of body weight in 

stepwise regression. Thus, the general equations developed from the regression analyses were based only 

on sex rather than for different age categories. As a result the equations BW= -24.24 + 0.68CG for male 

Horro sheep, and BW= -29.03 + 0.75CG for female Horro sheep can accurately predict body weight of 

the breed at any age. 

 

Key words: Body weight, chest girth, Horro sheep, morphometric measurements 

 

1. Introduction 

 

Body weight is often the most common and informative measure of animal performance (Adedeji and 

Gbadamosi, 1990). In order to develop a very good model for genetic improvement of sheep, it is 

important to measure traits such as live weight with some level of accuracy. Body weights of animals are 

usually measured using weighing scale. However, proper measure of this trait is often difficult under on-

farm conditions basically due to unavailability and cost of weighing scale. The best method of weighing 

animals without scale is to regress body weight on certain linear measurements which can be easily 

measurable and interpretable (Adeyinka, 2006).  

Few studies have been carried out to predict live body weights of Horro sheep from various linear body 

measurements (Edea et al., 2009;Awgichew, 2000). However, due to small data size the prediction 

models developed so far fail to represent the breed at the vast location. Thus, it has been crucial to 

conduct this study for developing a measuring tape that can accurately determine live body weight of 

Horro sheep. This study was therefore carried out to determine the relationship between body weight and 

linear body measurements of Horro sheep. In addition, the best regression model for prediction of live 

body weight of Horro sheep under field condition was determined. 

 

Objectives; 

 To determine the best equation to predict live body weight of Horro sheep from linear body 

measurements 
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2. Materials and Methods 

 

2.1. Study area 

The study was carried out in Bako Agricultural Research Center’s sheep farm and Horro district. Two 

villages (Gitilo and Laku), where Community Based Sheep Breeding Program is undergoing were 

exclusively considered in this study. 

 

2.2. Data collection methods 

A total of 1589 Horro sheep (1131 female and 456 male) were used in this study.A total of seven 

phenotypic measurements were taken for both sex and all age groups. Age and sex were considered as 

independent variables that could determine the body measurement traits. These traits include; Body 

weight, Body length, Height at wither, Chest girth, Chest width, Rump length and Pelvic width. Live 

body weight was measured using a 100kg capacity weighing scale with 500gm graduation. The other 

linear body measurements were recorded using a flexible tailor’s measuring tape. All animals were 

measured in their standing position under field condition. 

The animals were grouped into different age categories using the number of pairs of permanent incisors 

(PPI), as indicated by Wilson and Durkin (1984). Accordingly; 0PPI (Milk teeth or there is no permanent 

incisor), 1PPI (one pair of permanent incisor), 2PPI (two pairs of permanent incisor), 3PPI (three pairs of 

permanent incisor), and 4PPI (four pairs of permanent incisor). 

 

2.3. Statistical Analysis 

Correlations (Pearson’s correlation coefficient) between body measurements under consideration were 

computed for Horro sheep for both sex and age groups. The stepwise REG procedure of SAS (2003) was 

used to determine the relative importance of live-animal body measurements in a model designed to 

predict body weight. Live weight was regressed on the body measurements separately for males and 

females, for each dentition class and for the pooled data by sex categories. Due to inadequate sample size, 

measurements in 3PPI and 4PPI dentition for male Horro sheep were included in 2PPI dentition class. 

The choice of the best fitted regression model was assessed using coefficient of determination (R2). 

Multiple linear regression model for females: Yj = β0 + β1X1 + β2X2 + β3X3 + ej 

 

Where: Yj = the dependent variable body weight; β0 = the intercept;  

X1, X2 and X3 are the independent variables body length, chest girth and height at wither, 

respectively.  

β1, β2, and β3 are the regression coefficient of the variable X1, X2 and X3  

ej = the residual error 

 

Multiple linear regression model for males: Yj = β0 + β1X1 + β2X2 + β3X3 + ej 

Where: Yj = the dependent variable body weight; β0 = the intercept;  

X1, X2 and X3 are the independent variables body length, chest girth and height at wither, 

respectively.  

β1, β2, and β3 are the regression coefficient of the variable X1, X2 and X3  

ej = the residual error 
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3. Results 

 

Correlation between body weight and linear body measurements 

The relationships between body weight and the linear body measurements (body length, chest girth, 

height at wither, rump length and pelvic width) are presented in terms of coefficients of correlation in 

Table 1 below. According to the result, all linear body measurements have showed a significantly 

(p<0.0001) strong relationship with body weight for the overall pooled data of both sexes. However, 

higher correlation coefficients were observed for chest girth, body length, and height at wither with r2 

values of 0.87, 0.82, and 0.79 for males and 0.80, 0.77 and 0.73 for females, respectively. Among the 

three measurements chest girth has showed the highest correlation coefficient for both male (0.87) and 

female (0.80). This shows that body weight can be better predicted from chest girth than the other 

measurements. 

 

Table 1. Correlation coefficients of relationships between body weight and linear body measurements in 

Horro sheep 

Age Sex No of  

observation 

BL CG HW RL PW 

0PPI F 500 0.82*** 0.82*** 0.75*** 0.58*** 0.49*** 

M 335 0.83*** 0.85*** 0.78*** 0.61*** 0.65*** 

F & M 837 0.80*** 0.84*** 0.76*** 0.59*** 0.55*** 

1PPI F 219 0.41*** 0.77*** 0.48** 0.29* 0.25NS 

M 97 0.61*** 0.70*** 0.56*** 0.34*** 0.29*** 

F & M 307 0.50*** 0.73*** 0.44*** 0.12NS 0.27** 

2PPI F 125 0.42*** 0.69*** 0.32*** 0.29*** 0.25* 

M 73 0.65*** 0.78*** 0.37** 0.25NS 0.21NS 

F & M 140 0.25*** 0.72*** 0.24*** 0.19** 0.18** 

3PPI F 60 0.32*** 0.78*** 0.21* 0.22NS 0.19* 

M - - - - - - 

F & M       

4PPI F 210 0.52*** 0.74*** 0.28** 0.21** 0.19NS 

M - - - - - - 

F & M - - - - - - 

All age groups F 1131 0.77*** 0.80*** 0.73*** 0.44*** 0.52*** 

M 456 0.82*** 0.87*** 0.79*** 0.60*** 0.69*** 

F & M 1589 0.79*** 0.87*** 0.75*** 0.49*** 0.59*** 

PPI = Pair(s) of Permanent Incisors; F= female; M= male; HG= heart girth; BL= body length; HW= height at 

wither; RL= rump length; PW= pelvic width; * = P<0.05; **= P<0.01; ***= P<0.001; NS= Non-significant 

 

Live body weight prediction using linear body measurements 

Based on higher correlation coefficients between body weight and linear body measurements, BL, CG 

and HW were selected to develop the regression equation. The regression equations for both sex and 

different age categories are given in Table 2 below. According to the result the established equations for 

the pooled data (both sex and all age groups) when only CG considered was; -27.36 + 0.73CG (r2= 0.87). 

The result showed that as more of the linear body measurements are included in the equation, better 

correlation coefficient was obtained. The following two equations depict an increase in correlation 
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between body weight and linear body measurements; -28.26 + 0.60CG + 0.16BL (r2= 0.88) and -29.55 + 

0.56CG + 0.11BL + 0.11HW (r2= 0.89) with a stepwise inclusion of body length and height at wither in to 

the equation.  

 

Table 2. Models for prediction of live weight from different body measurements and their R2 values for 

Horro sheep 

Age Sex No of 

observation 

Models R2 R2change P value 

0 PPI F 500 -21.62 + 0.62CG 

-22.73 + 0.40CG + 0.27BL 

-24.95 + 0.03CG + 0.19BL + 0.20HW 

0.82 

0.84 

0.86 

0.00 

0.00 

0.01 

<0.0001 

<0.0001 

<0.0001 

M 333 -18.53 + 0.57CG 

-19.21 + 0.35CG + 0.26BL 

-20.47 + 0.29CG + 0.20BL + 0.14HW 

0.85 

0.87 

0.88 

0.00 

0.00 

0.00 

<0.0001 

<0.0001 

<0.0001 

F & M 837 -20.35 + 0.60CG 

-21.31 + 0.38CG + 0.26BL 

-23.05 + 0.32CG + 0.19BL + 0.17HW 

0.84 

0.85 

0.86 

0.00 

0.00 

0.03 

<0.0001 

<0.0001 

<0.0001 

1 PPI F 208 -44.56 + 0.96CG 

-46.10 + 0.87CG + 0.12BL 

-50.54 + 0.82CG + 0.90BL + 0.16HW 

0.78 

0.79 

0.80 

0.00 

0.02 

0.01 

<0.0001 

<0.0001 

<0.0001 

M 97 -24.63 + 0.71CG 

-27.75 + 0.52CG + 0.25BL 

-29.91 + 0.44CG + 0.19BL + 0.17HW 

0.70 

0.72 

0.74 

0.00 

0.03 

0.02 

<0.0001 

<0.0001 

<0.0001 

F & M 307 -35.76 + 0.85CG 

-37.80 + 0.73CG + 0.17BL 

-40.98 + 0.66CG + 0.12BL + 0.16HW 

0.73 

0.74 

0.75 

0.00 

0.01 

0.01 

<0.0001 

<0.0001 

<0.0001 

2 PPI F 125 -41.30 + 0.92CG 

-43.49 + 0.88CG + 0.08BL 

-44.86 + 0.85CG + 0.78BL + 0.05HW 

0.70 

0.71 

0.73 

0.00 

0.00 

0.02 

<0.0001 

<0.0001 

<0.0001 

 M 73 -47.60 + 1.01CG 

-39.81 + 1.25CG – 0.39BL 

-25.87 + 1.47CG – 0.42BL – 0.42HW 

0.78 

0.80 

0.82 

0.00 

0.00 

0.02 

<0.0001 

<0.0001 

<0.001 

 F & M 198 -39.35 + 0.90CG 

-42.30 + 0.83CG + 0.12BL 

-45.59 + 0.78CG + 0.11BL + 0.15HW 

0.61 

0.62 

0.63 

0.00 

0.02 

0.01 

<0.0001 

<0.0001 

<0.0001 

3 PPI F 80 -31.32 + 0.77CG 

-43.69 + 0.72CG + 0.24BL 

-43.83 + 0.73CG + 0.24BL + 0.00HW 

0.75 

0.79 

0.80 

0.00 

0.00 

0.02 

<0.0001 

<0.0001 

<0.0001 

M - - -  - 

F & M - - -  - 

4 PPI F 210 -47.30 + 0.10CG 

-52.15 + 0.94CG + 0.14BL 

-56.53 + 0.91CG + 0.10BL + 0.14HW 

0.73 

0.75 

0.76 

0.00 

0.01 

0.03 

<0.0001 

<0.0001 

<0.0001 

M - - -  - 

F & M - - -  - 

All age 

groups 

F 1131 -29.03 + 0.75CG 

-29.99 + 0.63CG + 0.15BL 

0.80 

0.88 

0.00 

0.00 

<0.0001 

<0.0001 
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(0 and 

above 

PPI) 

-31.38 + 0.59CG + 0.11BL + 0.10HW 0.88 0.00 <0.0001 

M 456 -24.24 + 0.68CG 

-25.04 + 0.49CG + 0.23BL 

-26.36 + 0.42CG + 0.15BL + 0.16HW 

0.87 

0.88 

0.88 

0.00 

0.00 

0.00 

<0.0001 

<0.0001 

<0.0001 

F & M 1589 -27.36 + 0.73CG 

-28.26 + 0.60CG + 0.16BL 

-29.55 + 0.56CG + 0.11BL + 0.11HW 

0.87 

0.88 

0.89 

0.00 

0.01 

0.00 

<0.0001 

<0.0001 

<0.0001 

 

Discussion 

 

The higher the correlation coefficient of live body weight with a given linear body measurement, the 

more likely that the linear body measurement is to predict live body weight more accurately. Accordingly, 

results of the current study show that there is a strong correlation between chest girth and body weight for 

both sex and all age groups. Also it showed that there was a strong relationship for both male (r=0.87) and 

female animals (r= 0.80). For male animals of all age groups, there was also a strong correlation between 

body weight and body length (r= 0.82), and height at wither (r= 0.79). The higher correlation coefficient 

for males sheep in most cases indicated that body weight could be predicted more accurately in males as 

compared to female. This is in agreement with the findings of Hassan and Ciroma (1992).Similarly data 

from female animals of all age groups showed strong correlation between body weight and body length 

(r= 0.77), and height at wither (r= 0.73). For the overall data set (both sex and all age groups), the 

correlation between body weight and chest girth was higher (r= 0.88) followed by body length (r= 0.79) 

and height at wither (r= 0.75). According to Edea et al (2009) a higher correlation between body weight 

and chest girth was observed for both male (r= 0.85) and female (r= 0.77). This finding is almost similar 

to that of the current study. The better association of body weight with chest girth was possibly due to the 

relatively larger contribution to body weight of chest girth which consists of bones, muscles and viscera 

(Thiruvenkadan, 2005). 

 

In this study, it was observed that chest girth measurement can accurately predict body weight of the 

animals in both sex and the different age categories. In the pooled data it has been clearly seen that chest 

girth alone can predict the live body weight (r= 0.87). However, inclusion of body length and height at 

wither into the prediction regression equation showed increment in the coefficient of correlation. The 

result showed further improvement in the precision of the equation to predict body weight more 

accurately.  Similarly, the findings reported by Edea et al. (2009) on Bonga and Horro sheep; and 

Getachew et al. (2009) on Menz and Afar sheep indicated that incorporating more of linear body 

measurements in the prediction equation has improved prediction accuracy. This implies that considering 

more parameters of linear body measurements could provide better precision in predicting the body 

weight using the established equation. However, heart girth parameter is the easiest way to use for live 

weight prediction in field conditions especially under small holder farmers and where extensive 

measurements are practiced like in CBBP (community based breeding programs). Thus, the equations 

Bwt= -29.03 + 0.75CG(r= 0.80) and Bwt= -24.24 + 0.68CG (r= 0.87), for female and male Horro sheep 

respectively, can be used. This highest correlation of chest girth with body weight than other body 

measurements was in agreement with other results (Atta and El khidir, 2004; Thiruvenkadan,2005; 

Afolayan, et al., 2006; Fasae et al., 2006; Solomon, 2008) and would imply that chest girth was the best 

variable for predicting live weight than other measurements. Different research works have also suggested 
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that chest girth is the easiest and more reliable parameter to predict live body weight of sheep (ESGPIP, 

2009; Raji et al., 2008).  

 

Conclusion 

 

The linear body measurements, chest girth, body length and height at wither can predict body weight of 

Horro sheep independently or in combination. However, for a better precision and ease of measurement 

chest girth is the best estimate of body weight for the breed. Accordingly, a standard commercial 

measuring tool can be developed after validating the equations fitted for chest girth and body weight.  
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Abstract  

 

Contagious bovine pleuropneumonia (CBPP) is a highly contagious disease of cattle caused by 

Mycoplasma mycoides subsp. mycoides small colony (Mmm SC). A cross-sectional study design was 

conducted to estimate seroprevalence and associated risk factors and to detect the causative agent of the 

disease from sero-positive animals. A total of 576 animals were randomly selected and serum samples 

were collected and tested with c-ELISA. For further confirmation from 4 sero-positive animals lung tissue 

were sampled and detection of antigen was made using PCR. Data were analyzed using STATA (version 

13) using logistic regression model. Thus, the overall animals and herd level sero-prevalence of CBPP 

were 14.6% (95%CI: 11.80-17.73) and 54% (95%CI: 44.35-63.40), respectively. Among the potential 

risk factors considered, multivariate logistic regression analysis showed district, age, herd size, and 

history of respiratory disorder were statistically significant(p<0.05). Cattle that found in Ilu Galan 

district were two times (OR=2.4, P=0.002) more likely to be affected by  the disease than Sibu Sire, adult 

cattle were two times (OR=2.1, p=0.009) more likely positive than young, large herd cattle were six times 

(OR=6.1, P= 0.000) more likely affected than small herd, and animals that had history of respiratory 

problems were two times (OR=1.9, P=0.021) more likely seropositive than healthy. Of 4 seropositive 

animals lung tissue tested with PCR, MmmSC was detected in all samples (100%).  In conclusion like 

molecular method in non-vaccinated areas serological technique can also correctly estimate the presence 

of the disease. Therefore, the government has to prioritize the control and prevention strategy of this 

economically devastating disease of cattle particularly the implementation of regular vaccination of 

young animal is significant in disease endemic areas. 

 

Key words: CBPP; Seroprevalence; Risk factors; c-ELISA; PCR; MmmSC; Western Ethiop 

 

INTRODUCTION  

 

Contagious bovine pleuropneumonia (CBPP) is a highly contagious disease of cattle caused by 

Mycoplasma mycoides subsp. mycoides small colony (Mmm SC). It has great potential for rapid spread 

and causes major impact on cattle production. The disease is manifested by anorexia, fever and 

respiratory signs such as dyspnoea, polypnoea, cough and nasal discharges in cattle (FAO, 2004; OIE, 

2014).The principal route of infection is inhalation of infective droplets of diseased animals. Outbreaks 

tend to be more extensive in housed and in those in transit by train and on foot (Radiostitset al., 2007). 

Factors such as extremes of age, stress and concurrent infections may predispose to tissue invasion 

(Thomson, 2005). It is considered to be a disease of economic importance because of its high mortality 

rate, production loss, increased production cost due to cost of disease control, loss of weight and working 

ability, reduced fertility, and loss of cattle trade (Tambi, 2006; Radiostits et al., 2007). Due to its high 

economic impact, OIE declared as one of the most serious contagious animal disease and listed on the 
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group of notifiable animal diseases of high socio-economic impact and regarded as major trans-boundary 

animal disease  (FAO, 2002). 

 

Thus, CBPP is one of the great plagues that continue to devastate the cattle herds on which so many 

people are dependent in Africa and considered as the most serious infectious animal disease affecting 

cattle of the continent (Amanfu, 2009;Marobela-Raborokgwe, 2011). The disease spread alarmingly 

during the 1990, infecting several countries previously free from the disease and causing greater losses 

(OIE, 2001;Wade et al., 2015). In recent years, the disease has emerged from areas where it has been 

persisting in endemic form to re-invade other areas from which it had previously been eradicated. In 

addition to these newly infected areas, the endemic areas are experiencing an upsurge in the incidence of 

CBPP (FAO, 2002). With the imminent eradication of rinderpest, CBPP has becoming the most important 

cattle disease that hinders livestock development of Ethiopia. This is mainly caused due to the 

interruption of the consecutive yearly blanket vaccinations with combined rinderpest. Since 1992/93 

which had certainly contained the disease to a relatively low level during the past years by reducing the 

susceptible bovine population. However, CBPP is now re-emerging as one of the most economically 

important diseases that impede livestock production. Poorly understanding of pathogenesis, relatively 

ineffective vaccines or with adverse effects and poor diagnostic assays were further exacerbated the 

impact of the disease in the country (Gizaw, 2004). Ethiopia is experiences the largest number of cattle 

deaths, and reduction in cattle products under both endemic and epidemic conditions of CBPP compared 

to the other African countries probably due to large cattle population (Tambi and Maina, 2004).Therefore, 

CBPP was considered as one of the most important cattle disease and impediments to livestock 

development of the country (MOA, 2003; Admassu et al., 2015). 

 

In most continents, control strategies are based on the early detection of outbreaks, control of animal 

movements and stamping-out policy. However, in Africa control of the disease is only based on 

vaccination (T1/44 or T1SR) and antibiotic treatment (OIE, 2008; Radiostits et al., 2007). However, the 

consequences of antibiotic treatments in terms of clinical efficacy, emergence of resistant strains and 

persistence of chronic carriers have not been evaluated yet (Huschle et al., 2004). But, currently research 

work has shown that antibiotic treatment of cattle may greatly reduce the transmission to healthy contacts 

but this requires treatment of all affected cattle (CFSPH, 2015). Despite vaccination has been considered 

as a strategy for the control of CBPP in Ethiopia, the disease still persists in several regions of the country 

and its incidence increasing from year to year. This is, mainly due to lack of effective vaccine, irregular 

and low coverage of vaccination, lack of livestock movement control, and absence of systematic disease 

surveillance and reliable data (Gizaw, 2004).  

 

Knowing the extent of diseases distribution like CBPP is valuable since used as an input for development 

of optimum prevention and controlling strategies and that will ultimately assist in poverty alleviation by 

improving the productivity of the sector. Therefore, to carry out an effective control of the disease, 

prerequisites such as understanding of the epidemiological scenario of the disease should be well-known. 

However, currently there were several studies have been undertaken since 2006 on CBPP as a country 

with prevalence of 0.4%­31.8% (Kassaye and Molla, 2013;Alemayehu et al., 2015; Teklue et al., 

2015;Ebisaet al., 2015; Atnafie et al., 2015; Mersha, 2016; Geresu et al., 2017). The previous studies 

were stressed only on seroprevalence study, whereas there is no reported document on detection of the 

causative agent of the disease using PCR technique in the country so far. Hence,, further identification of 
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the causative agent of CBPP and knowing the epidemiological scenario of the disease is vital. Therefore, 

the study was conducted with the objectives of estimating seroprevalence and associated risk factors of 

CBPP and detecting the causative agent of the disease from seropositive animals. 

 

MATERIALS AND METHODS  

 

Description of the Study Area 

The study was carried out in selected districts (Sibu-Sire and Ilu-Galan) which were selected from two 

zones (East Wollega and West Showa) of Oromia regional state, western Ethiopia.  Sibu Sire district is 

found western part of Ethiopia in East Wollega zone of Oromiya regional state (Figure 1). The district is 

located on the Addis Ababa-Nekemte  main road about 273 km from Addis Ababa (capital of the country) 

to the west of the country. Sire is the central town of the district and is located on geographical 

coordinates 9°04'59.9" N and 36°49'59.9" E. The district has altitude ranging from 1200-2400 with an 

average of 1830 meters above sea level (m.a.s.l). The agro ecologies of the area are 7.53% highland, 

74.2% midland and 18.7% lowland type. It experiences a bimodal pattern of rainfall with the main rainy 

season extending from June to September (84% of rain is expected) and short rainy seasons from March 

to May. The area receives rainfall ranging from 1000-2400 mm with mean annual rainfall of 1700 mm. 

The minimum and maximum temperatures of the district were 10.90 C and 33.90 C, respectively. The 

livestock populations of the district were: Cattle (190,166), Sheep (35, 952), Goat (36,512), Poultry 

(193,155), Horse (12,249), Donkey (16,402) and Mules (1,196) (Sibu Sire district Livestock and Fishery 

Resource Development Office, 2017). According to the document of SibuSire veterinary clinic described 

the major livestock diseases that found in the district were trypanomosis, internal and external parasite, 

LSD, pasturellosis, mastitis, blackleg, NCD, anthrax and tuberculosis (Sibu Sire district Livestock and 

Fishery Resource Development Office, 2017). 

 

Ilu-Gelan district is found in the western part of Ethiopia in West Showa zone of Oromiya regional state 

(Figure 1). The district is located on the Addis Ababa-Nekemte main road about 200 km from Addis 

Ababa (capital town of the country) to the west of the country. Ijaji is the central town of the district and 

the district is located on geographical coordinates 8°59'51" N and 37°19'49" E. The altitude of the district 

is ranging from 1565­1790 with an average of 1630 meters above sea level (m.a.s.l). The agro-ecology of 

the area is almost about 80% is lowland type. The mean annual rainfall of the area varies between 1600-

2290 mm and the mean annual temperature is 27.3%. The livestock populations of the district based on 

species were 107,076 of cattle, 7,600 of sheep, 8,930 of goats, 41,285 of poultry, 650 of horses, 950 of 

mules, and 3,395 of donkeys(Ilu Gelan district Livestock and Fishery Resource Development Office, 

2017). According to the report of Ilu Galan livestock health agency, the major endemic livestock diseases 

that found in the district were trypanomosis, pasturellosis, blackleg, salmonellosis, epizootic lymphagitis, 

African horse sickness, mengimites, and external parasite (ticks) (Ilu Gelan district Livestock and Fishery 

Resource Development Office, 2017). 
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Fig.1 Map of the Study Area 

 

Study Population 

The study population comprises indigenous Horro cattle breeds that found in the areas. Horro breed is 

zenga type cattle that are an intermediate breed type between the sanga and the zebu. Zenga breeds are 

often found in areas between the typical zebu areas in northern Africa and Sanga areas in the south (Rege, 

1999; DAGRIS, 2007; Tola, 2015). The Horro cattle are found in the western parts of Ethiopia, mainly in 

the eastern Wollega and western Shoa zones of the Oromia region and one of the common breed in 

Ethiopia. Therefore, indigenous Horro cattle breed that managed under extensive production system with 

no history of CBPP vaccination and animals above six months old age were considered. 

 

 Study Design and Methods 

The cross-sectional study design was conducted in selected districts (Sibu Sire and Ilu Galan) of western 

Ethiopia and equal sample sizes were considered for the two districts. The purpose of the study was fully 

explained to the selected owners before conducting the study to have owners’ agreement. From the 

selected study areas animals’ blood samples collection was performed and the overall animals and herd 

level seroprevalence of CBPP was estimated. As well as the associated potential risk factors of CBPP 

were identified. For further confirmation of the presence of CBPP in the study area from lung tissue 

samples of seropositive animal identification of the causative agent of CBPP disease was made. 

 

Sampling and Sample Size Determination 

 

Sample size determination 

The sample size required for blood collection was determined depending on the expected overall 

prevalence of CBPP, 5% the desired absolute precision and 95% confidence interval using the formula 

given by Thrusfield (2007). Since there were previous reports of prevalence of CBPP disease in western 

part of the country such as 28.5% was reported by (Mersha, 2016) and 6.51% was reported by Geresu et 

al. (2017) and the average was 17.51%. Thus, in this study an expected prevalence of 17.51% was 
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considered to get the maximum sample size. Therefore, the sample size was calculated based on 17.51% 

expected prevalence and gives total sample size of 216 for each district. However, 288 animals were 

sampled from each district in order to increase the precision, which gives a total estimated sample size of 

576 animals. The sample size calculation formula: 

 

n= (1.96)2(Pexp) (1-Pexp) 

d2 

Where; n=Total number of sample size, Pexp = Expected prevalence, d = Absolute precision (0.05) 

 

 Sampling techniques 

To select the study districts non-probability sampling (purposive sampling) technique was used. In the 

first stage the two districts (Sibu Sire from East Wollega zone and Ilu Gelan from west Showa zone) were 

selected purposively based on nearby to Bako agricultural research center, easily accessible and densely 

populated area of cattle. In the second stage, after made of a brief discussion with livestock and fishery 

resource development office and health agencies of selected districts, peasant associations (PAs) which 

mean the smallest administrative unit of the districts were randomly selected from the two districts. Sibu 

Sire district has 22 PAs whereas Ilu Galan has 17 PAs, and from each district two PAs were randomly 

selected. Thus, from Sibu Sire (Lalisa and Cheri Jarso) and from Ilu Galan (Ale Wara Ilu and 

WadeyiGranche) were sampled, accordingly. To select households (herds) and individual animal two 

stage sampling methods were employed. The primary sampling unit was household that having at least 

two cattle in each selected PA and defined as herd. To select households or herds, since the total numbers 

of households that having cattle (sampling frame) in each PA were not well known, purposive sampling 

technique was used. Therefore, from each PA, households that having at least two cattle were recruited 

purposively based on households that found nearby to PA level veterinary clinics (type D clinics). And 

the secondary sampling unit was selection of individual animals (animals that owned by the sampled 

households).  Since between-cluster variance of CBPP disease of the area was unknown a simple random 

sampling method was applied to calculate the number of animals to be included from each herd in study 

(Tadeg et al., 2015). From each list of herd the maximum sample size sampled was seven (i.e. the average 

number of cattle per household of the area). From households those having greater than seven cattle, only 

seven animals were sampled using random sampling method. However, in case of households that have ≤ 

7 cattle, all animals were sampled (Gebremedhin et al., 2013). Households of the study area were 

recognizes each cattle owned by name, thus, animals were randomly sampled using the name of animal as 

ID number  and blood samples collections were conducted.  

 

Data Collection 

 

Blood sample collection 

Blood samples of animals of interviewed famers were collected for diagnostic test. Therefore, from each 

sampled animal about 7 ml of whole blood were collected from the jugular vein of the randomly sampled 

animals using disposable plain vacutainer tubes and needles (BD Vacutainer Systems, Plymouth, UK) 

according to best practice of guidelines. Then, the samples were properly labeled and left for 24 hours at 

room temperature to allow clotting and serum samples were separated after 24 hours through gently 

transferring to other sterile vials and stored at -20OC at Bako Agricultural Research Center animal health 
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laboratory until submitted to National Veterinary Institute (NVI), Bishoftu. Finally, the serum samples 

were transported in to NVI with an ice box and submitted for laboratory analysis.  

 

During blood sample collection variable that considered as risk factors were location  (districts and  PAs); 

age (grouped into two 6 months-3 years old called young and greater than 3 years old called adult based 

on owners information); sex (male and female);  herd size (grouped in to three, since the interviewed 

minimum and maximum number of herd sizes ranges 2-25 categorized  as 2-7 called small herds, 8-14 

called medium herds  and 15-25 large herds); previous  history of respiratory disorder (yes/present or 

no/absent); body condition score (BCS) (characterized based on Nicholson and Butterwoth (1986) 

principles, then categorized in to three poor 0-3, medium 4-6  and good 7-9); and parity (categorized as 

heifer or non parturated, primiparus or single and pluriparus or multiple parity). 

 

Lung tissue sampling 

After CBPP positive animals were screened using serological method and seropositive animals were 

identified for lung tissue sampling.  Therefore, from seropositive animals which were resulted test 

positive using c-ELISA, four animals were selected and postmortem examination was made. Upon post-

mortem examination parts of suspected lesions of lung tissue samples were collected and immediately 

stored at -20OC in Bako Agricultural Research Center, animal health laboratory.  Finally, the lung tissue 

samples were dispatched to National Veterinary Institute (NVI), Bishoftu with an ice box and submitted 

for PCR analysis. 

 

Diagnostic Methods 

 

Competitive ELISA 

Micro plates are coated with MmmSC purified lysate. Samples to be tested are premixed with a specific 

monoclonal Mab 117/5 in a separate plate (prelate) and content of the preplate is transferred into the 

coated microplate. Any MmmSC specific antibodies present in the sample will form an immune-complex 

with MmmSC antigen coated on the microplate, competing with Mab 117/5 for the specific epitopes. 

After washing away unbound material, an anti-mouse antibody enzyme conjugate is added. In presence of 

immune-complex between MmmSC antigen and antibodies from the sample, Mab 117/5 cannot bind to its 

specific epitopes and the conjugate is blocked from binding to Mab 117/5. Conversely in the absence of 

MmmSC-Antibodies in the test sample, Mab 117/5 can bind to its specific epitopes and the conjugate is 

free to bind to Mab 117/5. Unbound conjugate is washed away and enzyme substrate (TMB) is added. In 

presence of the enzyme, the substrate is oxidized and develops a blue compound becoming yellow after 

blocking. Subsequent color development is inversely proportional to the amount of anti-MmmSC 

antibodies in the test sample. The result is expressed in “percentage of inhibition” by comparing the 

optical density in the test well with the optical densities in the mAb control wells.  

 

Polymerase chain reaction (PCR) 

The DNA extraction process from lung tissues samples were carried out as described by Johansson et al. 

(1998). The tissue samples were cut in small pieces using a sterile scalpel, grinded thoroughly and then 

homogenized in 2ml phosphate buffered saline (PBS). Then, the mixture was transferred to 2ml ml 

Eppendorf tubes containing 385 microliter STE buffer (100mM NaCl, 50mM Tris–HCl, pH 7.4, and 

1mM EDTA), 5 microliter proteinase K (20 mg/ml), and 10 microliter SDS (20%). After extraction with 
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400 microliter phenol saturated with 1mM Tris–HCl (pH 7.4) and ethanol precipitation, the DNA was 

dissolved in 50 microliter of distilled H2O.  

 

Then DNA amplification was performed using Mycoplasma mycoides sub sp.mycoidesspecies-specific 

pair primers and 5μl of test DNA template in a total volume of 20 µl for 42 cycles. The reaction mixture 

consisted of RNase free water (3µl), Primer- MSC1-Fow-5pM/µl 5’-ATACTTCTGTTCTAGTAATATG-

3’ (2µl), Primer-MSC2-REV-5pM/µl 5’-CTGATTATGATGACAGTGGTTCA-3’ (2µl), IQ Super mix 

(10µl), template (DNA) (3µl). The optimal amplification cycle for paired primers sets consisted of initial 

denaturation at 95oc for 5 mints (1-Cycle), a 40 cycles of each denaturation at 95oc for 30 sec, annealing 

at 50oC for 30 sec, and initial elongation at 72oc for 1 min, final elongation at 72oc for 7 mints (1-Cycle) 

and the products were kept at 4oC for electrophoresis. The positive control MmmSC DNA used while nuclease free 

water and extraction control samples were used as negative control (Appendix 6). To confirm the targeted 

PCR amplification the PCR product was then subjected to electrophoresis in the 1.5% agarose gel 

containing 5µl gel red with 4µl dye and 10µL of DNA Ladder (Gene Ruler- Fermentas) was prepared and 

electrophoresis was carried out at 130 volts for one hr and the products were read under UV illumination adapted to 

molecular imaging software. The amplified product which produced specific bands with the molecular size of 

260bp is observed in positive samples by ultraviolet trans-illumination. 

 

Data Management and Analysis 

Data were stored on Microsoft Excel spread sheet ver 2013, and analysis was made using STATA 

(version 13) software and SPSS ver. 20 statistical software. Disease prevalence was analyzed using SPSS 

(descriptive statistical test mean crosstabs) was used while degree of associations between the outcome 

variable and its potential risk factors were analyzed using STATA (version 13) using logistic regression 

model. CBPP seropositive was considered as the dependent variable and the risk factors as independent 

variables. Initially logistic regression of univariable analysis of measuring odds ratio made and the 

significant results of the univariate analysis were included in the final model using multivariate logistic 

regression analysis. Finally, the degree of association was computed using odds ratio (OR) signified by 

95% confidence intervals with a p-value less than 0.05 taken as significant. 

 

RESULT  

 

Sero-Prevalence and Associated Risk Factors of CBPP  

 

The overall animals and herd level seroprevalence 

Of the total 576 sampled animals from 113 cattle herds, 84 were seropositive with CBPP disease. The 

overall animals’ level seroprevalence CBPP was 14.6% (95% CI: 11.80-17.73). Out of the total 113 

sampled herds, 61 herds were infected and the overall herd level seroprevalence of CBPP was 54% 

(95%CI: 44.35-63.40). 

 

Animal level seroprevalence of CBPP across the risk factors 

In this study different animal level seroprevalence was recorded across the study locations such as higher 

prevalence was observed in Ilu Gelan district (20.1%) than Sibu Sire district (9%). Similarly, highest 

prevalence was recorded in Ale Wara Ilu (22.1%) while lowest in Cheri Jarso (7%). In the present study 

also various prevalence were recorded across host related potential risk factors like sex, age, parity and 
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body condition of the animals. As the result of the study described seropositivity was higher: in adult 

(18.1%) than in young (9.6%), highest in poor body condition (23.3%) than in medium (14.2%) and good 

body condition (6.4%) and highest seroprevalence in pluriparus(17.1%) while lowest in heifers (7.6%) 

were recorded. As well as highest seroprevalence was observed in large herd size (30.6%) than small herd 

size (5.5%) and higher prevalence (18.8%) in animals with history respiratory disorder than healthy 

animals (10.2%) (Table1). 

 

Univariate Logistic regression analysis results showed that among the risk factors that considered district, 

age, history of respiratory disorder, herd size and body condition were spastically significant (p<0.05).  

The animal level sero prevalence was significantly higher in Ilu Galan district than in Sibu Sire such as 

cattle that found in Ilu Galanwere more than two times more likely to be affected by CBPP disease than 

Sibu Sire.  Similarly, cattle that kept at Ale Wara Ilu were 2.3 times more likely to be CBPP seropositive 

than Lelisa. The likelihood of seropositivity with CBPP disease of adult cattle  were two times more 

seropositive than young,  animals which had history of respiratory problems  were two times more likely 

to be seropositive than those hadn’t, poor body condition animals  were four times more likely to be 

seropositive than good body condition  and cattle that found in large were seven times more likely to be 

affected by CBPP disease than small herds. As well as the likelihood of getting risk of infection with 

CBPP disease of multiple parity  were two times more than heifers (Table 1).   

 

Table 1 Animal level seroprevalence degree of association analysis across potential risk factors using 

univariate logistic regression 

 

Risk factors  

No 

Tested  

% (95% CI)  Report of odds ratios P-value 

 OR (95% CI) Std. err. 

District       

Sibu Sire  288 9(5.98-12.95) 1   

  Ilu Galan 288 20.1(15.66-25.24) 2.54(1.55-4.17) 0.64 0.000*** 

PA(kebele)      

Lelisa 146 11(6.4-17.19) 1   

  Cheri Jarso 142 7(3.43-12.57) 0.62(0.27-1.41) 0.26 0.250 

Ale Wara Ilu 145 22.1(15.61-29.70) 1.8(0.92-3.53) 0.62 0.084 

WadeyiGranche 143 18.2(12.23-25.49) 2.3(1.2-4.4) 0.74 0.012* 

Sex       

Female    326 13.2(9.71-17.35) 1   

Male 250 16.4(12.03-21.58) 1.3(0.81-2.05) 0.31 0.280 

Age       

Young   239 9.6(6.2-14.1) 1   

Adult 337 18.1(14.14-22.63) 2.1(1.24-3.46) 0.54 0.005** 

Herd size       

Small  228 5.5(2.74-9.01) 1   

Medium 211 12.8(8.2-17.27) 2.5(1.24-5.1) 0.9 0.011* 

Large 147 30.6(23.3-38.74) 7.6(3.84-14.94) 2.6 0.000*** 

History of RD      

No  292 10.2(6.95-14.34) 1   

Yes   284 18.8(14.52-23.80) 2.04(1.26-3.31) 0.5 0.004** 

BCS       
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Good  116 6.4(2.62-12.78) 1   

Medium  351 14.2(10.76-18.35) 2.42(1.06-5.51)  0.035* 

Poor  109 23.3(15.93-32.03) 4.4(1.84-10.64) 1.98 0.001** 

Parity       

Heifer  132 7.6(3.69-13.49) 1   

Primiparus 48 16.7(7.48-30.22) 2.44(0.9-6.61) 1.24 0.079 

Pluriparus 140 17.1(11.30-24.42) 2.5(1.16-5.51) 1 0.020* 

Coef=coefficient; CI=confidence interval; OR=Odd ratio; Std.Err=standard error; RD=respiratory 

disorder; BSC= body condition score; PA= peasant association; and *=statistically significant 

 

Initially, univariate logistic regression was used to screen all potential risk factors for statistical 

significance at (p <0.05) and variables that found statistically significant were subjected to multivariate 

logistic regression analysis with forward and backward variable selection approach based on the 

likelihood ratio statistic (p<0.05). The risk factors (district, age, and history of respiratory disorder, BCS 

and herd size) that statistically significant in univariable logistic regression analysis were included in the 

model and analyzed together. Therefore, the final multivariable logistic regression model analysis result 

showed that district, age, history of respiratory disorder and herd size were statistically significant 

association with CBPP seroprevalence (P <0.05) (Table2 ).  

 

Table 2. The result of multivariate logistic regression potential risk factors of individual animal level 

seroprevalence degree of association analysis 

Risk factors  

 

Report of odds ratios  P-value 

 OR (95% CI) Std. Err. 

District     

Sibu Sire  1   

Ilu Galan 2.4(1.4-4) 0.64 0.002** 

Age    

Young  1   

Adult 2.1(1.2-3.6) 0.58 0.009** 

History of RD    

No  1   

Yes 1.9(1.1-3) 0.5 0.021* 

Herd size    

Small  1   

Medium  2.4(1.2-5) 0.9 0.016* 

Large  6.1(3-12) 2.2 0.000*** 

CI=confidence interval; OR=Odd ratio; Std.Err. =standard error   *= statistically significant 

 

Herd level seroprevalence of CBPP across the associated risk factors 

In the present study the risk factors that considered at herd level seroprevalence were district, PA, herd 

size and history of respiratory health problems within the herd. The herd level CBPP seropositive was 

higher in Ilu Gelan (67.2%) than in Sibu Sire (30%). Among, the four sampled PAs the herd level 

prevalence was highest in Ale Wara Ilu (71%) while lowest in Cheri Jarso (30.8%). Similarly, highest 



40 

 

herd level seroprevalence was observed in large herd size (83.9%) while lowest in small herd size 

(32.6%). Regarding to the history of occurrence of respiratory health problem, herds that encountered 

history of respiratory disorder had greater prevalence (56.9%) than those hadn’t encountered (50.9%). 

Univariate Logistic regression analysis results showed that among herd level risk factors (district, PA, 

herd size and history of respiratory problem and herd size) that considered, only district and herd size 

were statically significant effect on seropositivity (p<0.05). Such as the likelihood of cattle herds 

infection with CBPP disease in Ilu Galan district three times more than Sibu Sire. The chance of 

seropositivity with CBPP disease in larger herd ten times more likely than smaller herds (Table  3). 

 

Table 3 Univariate logistic regression degree of association analysis of potential risk factors with herd 

level seroprevalence 

 

Risk factors 

Total  Herd   % (95% CI)  Report of odds ratios  P-value 

   OR (95% CI) Std. Err. 

District       

Sibu Sire 55 30(27.22-54.1) 1   

Ilu Galan 58 67.2(53.66-78.99) 3.1(1.43-6.64) 1.21 0.004** 

PA      

Lelisa 29 48.3(29.45-67.47) 1   

Cheri Jarso 26 30.8(14.33-51.79) 0.48(0.16-1.44) 0.27 0.189 

Ale Wara Ilu 31 71(51.96-85.78) 1.82(0.63-5.3) 0.99 0.271 

WadeyiGranche 27 63(42.37-80.60) 2.62(0.9-7.59) 1.42 0.076 

Herd size      

Large 31 83.9(66.3-94.5) 1   

Medium  39  53.8(37.2-69.9) 2.4(0.99-5.9) 1.1 0.05* 

Small 43 32.6(19.1-48-.5) 10.8(3.4-34) 6.3 0.000*** 

History  of  RD      

No  55 50.9(37.07-64.65) 1   

Yes 58 56.9(43.23-69.84) 1.27(0.61-2.67) 0.48 0.524 

Coef=coefficient; CI=confidence interval; OR=Odd ratio; Std.Err=standard error; RD=respiratory 

disorder; PA= peasant association; and *=statistically significant 

 

Detection of Mycoplasma Mycoides Sub spp. Mycoides (MmmSC) Using PCR 

Out of the four seropositive  animals (one young and three adult) that that postmortem examination made 

2/4(50%) had lesions of CBPP infection. Lung tissue was encapsulated and consolidated mean separated 

by a network of pale bands made thickening extensive fibrosis marbling and formed pleural adhesions, 

lung organ was strongly attached to chest walls (Figure 2), and the lung tissue became inflamed (Figure 3) 

upon post mortem examination while the other two lung samples (the two adults) were had no CBPP 

lesions.  
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Fig. 2. (A) CBPP seropositive slaughtered cow of lung organ adhesion to the chest wall and (B) network 

of pale bands and made thickening extensive fibrin or fibrosis marbling appearance of lung tissue 

 
Fig. 3. (C and D) the lung of CBPP seropositive young male bull slaughtered and its lung was severely 

inflamed upon post-mortem examination as the picture indicates 

 

Of the four seropositive  samples that tested with PCR, MmmSC antigen was detected in all four samples 

(100%). Thus, the PCR test result was indicated below as MmmSC antigen was detected in all sampled 

animals lung tissues. The amplified product that produced specific bands with the molecular size of 260bp 

was observed on agarose gel electrophoresis which indicated the presence of MmmSC DNA in the 

samples (positive)(Figure 4). 
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Fig. 4. Gel electrophoresis of PCR products of samples which yielded MmmSC genomic DNA M= 

Molecular Ladder or molecular weight markers started 100bp; Lanes 1-4 = Extracted DNA of 

field samples; Lane N= RNase free water (negative Control); Lane E = Extraction control 

(negative control) and Lane P= Positive control. 

 

Table 4. Summary of post-mortem examination and PCR result 
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Life animal 

Serum c-ELISA 

result 

Post mortem observation 

result  

Type of sample 

used  for 

molecular  test  

PCR- 

result  

1 6 Female ++ No CBPP lesions  Lung tissue  + 

2 7 Female  +++ Typical CBPP lesions  Lung tissue + 

3 8 Male  ++ No CBPP lesions  Lung tissue + 

4 3 Male  ++ Typical CBPP lesions  Lung tissue + 

 

DISCUSSION 

 

The overall animal level seroprevalence of CBPP was14.6% which is comparably in agreement with the 

findings of various researchers who reported prevalence of 14% in Niger state of north central Nigeria 

(Alhaji and Babalobi,2016), 14.3% in Kajiado district of Kenya (Matua-Alumira et al.,2006), On the 

other hand, the finding of this study was higher than the results of Gizaw (2004) in Somali regional state 

(10.3%), Teklue et al., (2015) in southern zone of Tigray region (12%),Ahmed (2004) in Borena (9.4%), 

Atnafie et al.(2015) in Bishoftu abattoir and Adama quarantine (6.85%), Alemayehu et al.(2015) in 

Borena pastoral of Oromia (0.4%), Kassaye and Molla (2013) in export quarantine of in and around 

Adama (4%), Geresu et al (2017) in Dello Mena and Sawena districts of Bale zone (6.51%), Schnier et al. 

(2006) in south western Kenya (9.7%), Mbengue et al. (2013) in Senegal (0.43%), Mtui-Malamsha 

(2009) in the Maasai ecosystem of south-western Kenya (11.21%) and Zarina et al. (2016)in north east 

states of Peninsular Malaysia Pertanika (8%). On the contrary, it was by far much lower than the previous 

reports of Ebisaet al. (2015) with 31.8% in Amaro district of SNNP region, Mersha (2016) with 28.5% in 

selected districts of western Oromia,17.19% in  Khartoum State of Sudan (Elhassan, 2012), 17% in 

M  1  2  3  4 N E P M 

260bp 

100bp 
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Turkana district of Kenya (Maritim, 2009), Soromou et al. (2014) with 21.05% in Guinea and Suleiman 

et al. (2015) with 30.2% in agro-pastoral areas of Nigeria.  

The overall herd level seroprevalence of CBPP was 54%. This overall herd level seroprevalence is closely 

in agreement with the finding of Suleiman et al. (2015) with 54.7% in agro-pastoral areas of Nigeria. 

However, higher than the previous report of (Bonnet et al., 2005) with 4.6% in the Ethiopian highlands, 

Gizaw (2004) with 30.4% in Somali regional state of Ethiopia, Zarina et al. (2016) with 17% in north east 

states of Peninsular Malaysia Pertanika and Alhaji and Babalobi (2016) with 47.2% in Niger state of 

north central Nigeria. On the other hand the finding was lower than the report of Mtui-Malamsha (2009) 

with 85% in the Maasai ecosystem of south-western Kenya. 

The rates of CBPP infection reported to vary from one region to another even within the region 

(Radostitis et al., 2007; OIE, 2014). CBPP occurrence is described to cover large area of the country. 

Different seroprevalences of CBPP were recorded across the study districts and peasant associations such 

as animal level seroprevalence was 20.1%, in Ilu Gelan district while 9% in Sibu Sire. Similarly, 

significantly higher prevalence was observed in Ale Wara Ilu (22.1%) PA than Cheri Jarso (7%) PA. The 

present result of variation seroprevalence within closely related study locations (districts and PAs) was 

agreement with the finding of different authors such as Ebisa et al., (2015) in Amaro district of SNNP 

region, Mersha (2016) in selected districts of western Oromia, Teklue et al. (2015) in Southern zone of 

Tigray region, Gizaw (2004) in Somali regional state, Maritim (2009) in Turkana district of Kenya. This 

might indicate the presence of CBPP infection depends on certain associated risk factors like the 

epidemiology of the disease, agro-ecology, livestock population and movement, and different 

management system may be applied across the study sites such as the presence or absence of communal 

grazing and watering areas within locations and the probability of introduction new purchased animal 

from disease endemic area (Radiostits et.al., 2007). Therefore, the probabilities of animals to be infected 

with CBPP disease as well as with other diseases are various across locations even it is different within 

similar agro-ecological locations.  

There was no significant difference of CBPP seroprevalence among the sex which was 16.4%, in male 

and 13.2%, in female animal. This finding is in agreement with the work done by Ebisaet al., (2015) in 

Amaro district of SNNP region, Mersha (2016) in selected districts of western Oromia, Teklue et 

al.(2015) in Southern zone of Tigray region of Ethiopia, Suleiman et al. (2015) in agro-pastoral areas of 

Nigeria, and Alhaji and Babalobi (2016) in Niger state of north central Nigeria. Therefore, the study result 

agreed with Provost et al. (1987) who reported sex has not been considered as the risk factors that 

affecting the susceptibility of cattle to CBPP disease infection. On the other hand, contradicted with the 

finding of Schnier (2006) in south western Kenya and Mtui-Malamsha(2009) in the Maasai ecosystem of 

south-western Kenya who reported statically significant difference among sex. 

Age is supposed to have some association with occurrence of CBPP disease because young or calves 

become more resistant to experimental infection than adult cows (Provost et al. 1987; Titus, 2003).The 

result of this study also revealed there was statistically significant difference of CBPP disease among the 

age groups. Higher seroprevalence was recorded in adult animals 18.1%, than in in young animals. The 

likelihood of seropositivity of adult cattle was two times more seropositive to CBPP than young cattle. 

This result is in consistent with the reports of Elhassan (2012) in Khartoum state of Sudan, Alhaji and 

Babalobi (2016) in Niger state of north central Nigeria, Mtui-Malamsha (2009) in the Maasai ecosystem 

of south-western Kenya and Schnier et al. (2006) in south western Kenya. In contrast, there are different 

studies that reported insignificant associations such as Ebisa et al. (2015) in Amaro district of SNNP 

region, Teklue et al. (2015) in southern zone of Tigray region, Mersha (2016) in selected districts of 
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western Oromia and Suleiman et al. (2015) in agro-pastoral areas of Nigeria. Calves were reported to be 

relatively more resistant to infection by MmmSC than adult cattle (Lesnoff et al., 2004; McKeever et al., 

2009), which may be explained by the fact that increasing age is a surrogate measure of repeated exposure 

(Boelaert et al., 2005) and similar findings were reported from Sudan Zessin et al. (1985) and McDermott 

et al. (1987). Moreover, the study also agreed with Thomson (2005) who reported that factor like 

extremes of age may predispose to tissue invasion of CBPP disease. 

Seroprevalence of CBPP was highest in cattle with poor body condition 23.3%, as compared to cattle 

with medium body condition (14.2%, and good body condition 6.4%. This finding is in agreement with 

the report of Ebisa et al., (2015), Suleiman et al. (2015) and Mtui-Malamsha (2009).The poor body 

conditioned cattle were four times more likely to have the CBPP compared to the good body conditioned 

cattle. This could due to related to the weak protective immune response in poor body conditioned cattle 

compared to good ones. Loss of body condition is one of the indication for the presence of the infection in 

the animal. Mostly CBPP chronic carrier animals became emaciated because of the clinical characteristics 

of the disease. Besides, animals with good body condition have relatively good immunological response 

to the infectious agent than animals with medium and poor body condition score (Radostatit et al., 2007). 

It was supposed that CBPP seropositive animals had poor body conditions than sero negative animals; 

thus, the present study result confirmed the assumption. This indirectly describes the impact of the disease 

associated with loss of productivity of cattle.    

The prevalence was highest in respiratory disordered animals 18.8%, compared to cattle that had not 

experienced respiratory problems (10.2%, 95%CI: 6.95-14.34). Respiratory disordered animals were two 

times more seropositive of CBPP disease as compared to healthy animals which in line with the report of 

William and Amanfu (2002) and Mtui-Malamsha (2009). Among the clinical signs of CBPP respiratory 

disorders like laboured painful breathing, coughing and as severity of the disease progress lung lesions 

will be observed. CBPP is typically characterized by fibrinous pneumonia, serofibrinouspleuritis, and 

oedema of the interlobular septa of the lungs, frequently the symptoms of CBPP disease is associated with 

lung organs (EMPRES, 2002, Hamsten, 2009). In this study the reason of higher seroprevalence in cattle 

with history of respiratory disordered animal was due to the clinical characteristics of the disease.  Hence, 

based on the present study result, if animals were exhibited any respiratory health problem in the study 

area; it could be an indication of CBPP infection.  

The prevalence was highest in cattle with large herd size 30.6%, as compared to cattle with small herd 

size cattle 5.5%.The large herd size groups were seven times more likely to have the CBPP infection 

compare to the small herd size cattle groups. The finding is in line with the report of Alemayehu et al. 

(2015) in Borena pastoral area of Southern Ethiopia, Suleiman et al. (2015) in agro-pastoral areas of 

Nigeria who reported large herd size cattle groups significantly associated with CBPP seroprevalence. 

Compact grouping of herds during grazing or herding and confinement at night within small enclosures or 

kraal such conditions are eminently favorable for infection of CBPP disease (Provost et al., 1987). Herds 

which had many animals were more likely to be CBPP positive compared to herds with few animals. The 

rate of effective contact between CBPP-infected and susceptible cattle is reported to be higher in larger 

herds (Lesnoff et al., 2004), reason for which could be explained as the contagious nature of CBPP and its 

direct mode of transmission which might be increased by crowding and increased frequency of contacts 

as herd size increases. Furthermore, Majekodunmi et al. (2014) reported that CBPP prevalence may even 

be higher in parts of predominated by pastoral systems such as nomadic and transhumant where 

frequently larger herds are kept.   
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There is no any report on the issue of stage of parity susceptibility to CBPP disease so far. In this study, 

the seroprevalence was found to be higher in Pluriparus caws as compared to with single parity) and 

heifers (As the current result showed the likelihood of seropositivity of CBPP was increased with 

increased cattle parity such as the likelihood of seropositivity with CBPP disease of multiple parity (was 

2.5 times more than heifer as well as the likelihood of seropositivity with CBPP disease of single parity 

cows () were 2.4 times more than heifers. The reason of higher prevalence in Pluriparous could be 

associated with age of animal because those multiple parity animals were older than single parity and 

heifers. According to the report of   Provost et al. (1987), Titus (2003) and Lesnoff et al. (2004), heifers 

respond weakly to vaccination but become more resistant to experimental infection than adult cows. 

Detection of MmmSC was made directly from lung tissue that sampled from seropositive animals with the 

application PCR assay using the primers that specific to MmmSC. Of the four animal lung tissues 

sampled, only in two samples (50%) lesions of CBPP observed while the other two lung samples were 

negative upon postmortem examination; however, with PCR amplifications of the genomic DNA results, 

MmmSC was detected in all four samples (100%). The positive CBPP pathology was taken as a definite 

mark of MmmSC infection in the lungs of the animals. The absence of gross pathology was observed in 

positive both serological (c-ELISA) and molecular (PCR) tests which in line with the result of 

Bashiruddin et al. (2005). However, according to the report of Bashiruddin et al. (2005) the lack of 

appropriate gross pathology in the presence of positive serological or other detection tests like PCR may 

not be usual. The reason of absence of lesions on the two animals during post mortem examination could 

be the animals were treated with antibiotics, because antibiotic treatment is definitively stopped the 

extension of lesions as the report of (Thiaucourt et al., 2004).  In addition, Alhaji and Babalobi (2015) 

also reported that culturing and postmortem diagnosis of CBPP has not always have been successful in 

epidemiological surveillance especially where animals have been treated with antibiotics which is a 

common practice by animal health professionals. One of the unique advantage of PCR is the ability to 

detect died antigens, thus, the other probability of absence of lesion on the two samples could be due to 

died antigen, because died antigen is unable to induce lesions while capable to induce antibody 

production. According to the report of Bashiruddin et al. (2005) detection systems that do not rely on the 

viability of Mmm SC should be considered favorably. Collectively, PCR was the most successful 

detection method from tissues samples (Bashiruddin et al., 1999; Bashiruddin et al., 2005). Besides, this 

finding further validates the application of c-ELISA test for diagnosis of CBPP during epidemiological 

study of the disease, particularly in case of advance confirmatory diagnostic like culturing; biochemical 

test, molecular test and postmortem examination were not accessible. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The output of this study has indicated that contagious bovine pleuropneumonia was endemic in the study 

area and confirmed by serology and polymerase chain reaction (PCR).Out of 576 sampled animals 84 

were seropositive and an overall 14.6% seroprevalence was recorded using c-ELISA test. Of the four 

seropositive  animals that tested with PCR MmmSC was detected in all sampled animals and the existence 

of the disease has been confirmed in the present study. One of the drawback of c-ELISA is can`t 

differentiate the antibodies that produced by vaccine or infectious disease, thus in vaccinated area the test 

is not appropriate for sero-survilance of the disease.  The potential risk factors like location (district), age, 

history of respiratory health problem, body condition score and herd sizes were statistically significant 

effect on seroprevalence of the CBPP disease. This indicates the presence of CBPP infection depends on 
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certain geographical area preference of the pathogen, herd management system or animal husbandry, and 

host related potential risk factors. Therefore, based on the above conclusion the following 

recommendations were forwarded: 

 Serological technique is able to estimate disease positive animal accurately and used to screening 

disease positive animal in non-vaccinated areas, but in vaccinated area PCR is recommended to 

diminish false positive. 

 The government has to prioritize the control and prevention strategy of this economically 

devastating disease  of cattle particularly the implementation of  regular vaccination of young 

animal is significant in disease endemic areas since adults are immuno-comprised and carries 

compared to young. 

 Further investigation in wide geographical areas and large sample size using reliable tools like 

molecular technique and biochemical tests are needed in order to know the exact epidemiological 

scenario of the disease since in vaccinated area c-ELISA is not recommended. 
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Abstract  

 

Ethiopia has the largest livestock population in Africa (CSA, 2014). According to this source, the 

country's sheep and goat population was more than about 60 million heads. Oromia holds the lion’s 

share of this population. The productivity of livestock, in general and of sheep and goats in particular is 

known to be low. Among other factors, inefficient breeding program was one factor for the low 

productivity performance of small ruminants in the country and, specifically in Oromia. The objective of 

the present study was to present the progress, Opportunity and challenges of community based breeding 

programs (CBBP) of small ruminants in Horro and Meta-wakite districts of Oromia region. As 

progresses, collaboration was ensured with the Oromia livestock and fisheries resources development 

bureau where the bureau helped the CBBP initiatives in many ways. The biological progresses were also 

indicated. The overall means (kg) of birth, three month and six month weights of Horro sheep was 2.76, 

12.35 and 16.51 at Horro site. Relatively very comparable values were computed for sheep at Meta-

Walkite; 2.85, 12.78 and 16.08 for the traits in respective order. On the other hand, relatively smaller 

values were computed for Central Highland goats in Meta-Walkite. In general, there were attractive 

progresses as measured, in terms of six month weights; hence, it is important to exploit the indicated 

opportunities, address potential challenges and scale up the CBBP in Oromia. 

 

Key words: progress, sheep, breeding goat 

 

Introduction  

 

Ethiopia has the largest livestock population in Africa (CSA, 2014). According to this source, the 

country's sheep and goat population was more than about 60 million heads. The goat population in 

Ethiopia showed an increasing trend from year to year (FAO, 2014). Increasing population pressure, land 

scarcity and diminishing production resources are among promoters of goat production in the tropics (Bett 

et al., 2009). Being relatively tolerant to drought, sheep and goats can survive on woody browse and 

infrequent watering and their fast reproduction rate enables their owners to recover quickly, following a 

drought (Peacock, 2005). 

 

In developing countries, indigenous sheep and goats make valuable contributions, especially to the poor 

in the rural areas. They are important sources of meat, milk, manure, fibers & skins, and satisfy various 

cultural and religious functions (Tesfaye, 2004; Kosgey and Okeyo, 2007; Kanani, 2009; Aziz, 2010; 

Devendra, 2012). The importance of this valuable genetic resource is, however, underestimated and 

contribution to the livelihood of the poor is inadequately understood (Kosgey et al., 2006; Kanani, 2009; 

Aziz, 2010). The productivity of these indigenous breeds is also low as a result of many interrelated 

factors including genetic potential of the indigenous stock. In Haile et al. (2011) the procedures for 
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optimizing breeding schemes for small ruminants is illustrated. It should begin with characterization of a 

production system. In order to put interactions between livestock and the environment in a system, 

livestock production systems must be defined, described and put in a geographic context (FAO, 1995). 

Mode of livestock production in Ethiopia is majorly classified as pastoral, agro pastoral and crop-

livestock mixed production systems. There are also less dominant and underdeveloped systems including 

urban/peri-urban dairying and fattening and the large scale commercial livestock production systems 

(Solomon et al., 2010). 

 

Institutionalized and centralized genetic improvement efforts made so far have failed to yield significant 

impacts at the farm level. Limited involvement of smallholder farmers⁄pastoralists in the planning and 

implementation of improvements contributed to such failures. Community based breeding program 

(CBBP) has emerged, probably as an alternative to the on-station one. CBBP was/is being implemented in 

different parts of the world: for sheep and goats in Ethiopia (Duguma, 2010; Duguma et al., 2011; Haile 

et al., 2011; Abegaz et al., 2014); for goats in Mexico (Wurzinger et al., 2013) and in Iran (Mueller et al., 

2015) and in many African countries. ICARDA, ILRI, BOKU & NARS designed and implemented 

CBSBP in 2009. CBBP first designed and implemented in Ethiopia by ICARDA, ILRI, BOKU, and 

NARS of Ethiopia through ADA funded Project from 2007 to 2011. The implementation site: Horro, 

Bonga, Menz and Afar on these sheep breeds. Letter on the CBBP was implemented for goats in different 

parts of the country. The objective of the present work is to present the progresses and challenges of the 

community based breeding programs of small ruminants in Oromia.  

 

Materials and Methods 

 

In compilation of the present work data generated at Horro from Horro sheep and data generated at Meta-

Walkite from sheep at that site and central highland goats were used. The description of the sites were 

given in Temesgen (2016) for the Meta-Walkite work (the then Meta-Robi) and Kasahun (2019) for 

Horro sheep. In the present work, in addition to the progresses regarding the junction work with the 

Oromia livestock and fisheries resources development bureau and Bako Agricultural Research Center, 

biological progresses were also presented. Finally, opportunity, prevailing challenges and ways forward 

were indicated.   

 

Progresses made so far (since 2009) 

• CBBP of sheep (both at Horro and Meta walkite) took longer time to be legal 

• It was in 2017 that all the cooperatives got legal entity mainly because of low 

willingness/commitment  

• This happened after the first meeting was held with different stallholders at Alemgena with the 

facilitation of OLFRDB in February, 2017 

• Market linkage created for the sires  

• 36 Horro rams were distributed to Bale Highlands  

• Backs might have been sold from Meta walkite  

• This improved the perception of farmers at large 

 

Timeline of the progresses made in favor of the Community based breeding program of Horro 

sheep in Oromia 
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 December, 2016: 

  Bonga sheep breeding cooperatives were visited 

 Oromia Livestock and fisheries resources development bureau, Meta walkite district 

administration and livestock experts, representative farmers, representative researcher from 

Bako ARC; this was facilitated by LIVES project  

 

February, 2017: 

   Stakeholders' workshop was held at Alemgena  

  Participants from different institutions attended 

 

May 2017: 

  Specific stakeholders’ meeting/workshop was held at Meta-walkite district 

  one permanent enumerator was also hired  

 

April, 2017:  Specific stakeholders’ meeting/workshop was held at Horro district  

April, 2017:  Expertise and farmers from Horro site got experiences from CBBP of Bonga 

 

November – December, 2017: 

   100 sires selected, purchased and assigned to the participating farmers.  

  100 quintal concentrate were purchased and given along with the selected sire.  

 

May, 2018: About 140 sires were selected, purchased and assigned to the participating farmers 

 May, 2019:About 200 sires were selected, purchased and assigned to the participating farmers 

 

June 2018 

  Media coverage and monitoring and evaluation made  

 Consultation workshop on Community sheep breeding management Alem Gena  

 It was seen that most of the stallholders failed to play their role 

 Intensive consultation workshop was also taken place in Adama in March 2019. 

 

Biological progresses ensured at the different community based breeding program sites 

The summary of analysis of variance table for birth, three month and six month weights of Horro sheep is 

given in Table 1 for the different fixed effect. All the investigated fixed effects had highly significant 

effect on the three production traits. The coefficients of variation were also found to be good and the 

sample size from which the magnitudes were estimated was fairly large.    

 

When the effect of birth type on the production traits was seen, it was found that it had almost the same 

pattern from birth to the six month weights. In all the cases, single born lambs had constantly, better 

performance compared to others (twins and above) (Table 1). This is normal trend in the small ruminant 

production.  

 

Table 1: Effect of different factors on growth performances (kg) of Horro sheep at different ages 
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Traits Birth type Sex Location Year Mean CV N 

BWT 13.473***  6.642***  30.944***  28.822***  2.76  22.83  6843  

3MW  220***  167***  11714***  651***  12.35  21.16  3545  

6MW 62.1***  95.2***  974.6***  75.6***  16.51  14.59  2029  

BWT=birth weight; 3MW=three month weight; 6MW=six month weight; CV=Coefficient of variation; 

N=number of observations; ***=p =0; Values in the table are mean squares 

 

Table 2: Mean (kg) of birth weight, three month weight, and six month weight as affected by birth types 

Birth types  BWT  3MW  6MW  

Mean  N  Mean  N  Mean  N  

Single  2.82a  4547  12.63b  2411  16.74a  1391  

Twin  2.65ab  2253  11.72b  1124  16.01ab  641  

Triple  2.25b  32  9.64b  7  16.00ab  7  

Four  2.75ab  2  15.25ab  2  17.50a  2  

BWT=birth weight; 3MW=three month weight; 6MW=six month weight; N=number of observations; 

means with different letters were, for a trait significantly different.  

 

As in the case of birth type, the effect of sex was also statistically significant (Table 3). In all the cases, 

males tended to have higher live weights compared to their contemporaries (Table 3). The higher growth 

performances of male lambs could be associated to the androgen growth hormone for males. On the other 

hand the trend of the production trait by years was predictable for six month weight traits while it was not 

so for birth weight and three month weight traits (Figures 1 – 3). The six month weight, which is believed 

to be free of other non additive genetic effects, has shown a constant progress (Figure 3). This may 

indicate the real progress made at the community based breeding programs of Horro sheep. In addition, 

detailed progresses of community based breeding program of Horro sheep could be found in Kasahun 

(2019).  

 

The overall mean of birth weight, three month weight and six month weight for sheep and goats at Meta-

Walkite (the then Meta-Robi) is given in Figures 4 and Figure 5, respectively. The figure presented in this 

document could be used for the measurements of progresses to be made in the future.  

 

Table 3:  Mean (kg) of birth weight, three month weight, and six month weight as affected by sex of lambs 

Sex of lambs  BWT  3MW  6MW  

Mean  N  Mean  N  Mean  N  

Male  2.80a  3424  12.65a  1760  16.84a  943  

Female  2.72ab  3431  12.06ab  1794  16.22b  1095  

BWT=birth weight; 3MW=three month weight; 6MW=six month weight; N=number of observations; 

means with different letters were, for a trait significantly different 
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Figure 1: Birth weight of Horro sheep by year of births 

 

 
Fig 2: Three month weight of Horro sheep by year of births 

 
Fig 3: Six month weight of Horro sheep by year of births 
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Figure 4. Mean birth weight, three month weight and six month weight of Meta-Walkite 

 

 
Figure 5. Mean birth weight, three month weight and six month weight of Central Highland goat at Meta-Walkite 

 

In addition to the progresses, existing opportunities, challenges and ways forward were indicated.  

 

Existing opportunities  

• Human, material and financial (projects) potential in the region 

• Presence of  ILRI and ICARDA in the country  

• Small ruminant population and diversity  

• The market availability  

• Commitment from the government 

 

Challenges 

 

Enumerators related challenges; in this case, enumerators could be analogues to lab technician 

 Though we assume that they are fulltime data collectors, practically they are not.  
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 There are times when they engage on other means of income generation and miss recording 

required data on sheep.  

 The reason is the amount of salary they are getting 

 Hiring enumerators on a permanent base could be a solution.  

 There should be an assistant enumerator as well.  

 The number of enumerators should be at least two for a village.  

 This problem was also appreciated by farmers from respective locality. 

 

Scaling up of the CBBP of small ruminants 

• There are only four CBBP of small ruminants in Oromia 

• The work was not institutionalized thus far 

• It was agreed that IQQO should own the work and work hand-in-hand with the livestock and 

fishery??? 

• Technical committee will be established to produce a detail procedure for establishment of new 

CBBPs (be it for sheep or goats) in Oromia 

 

Resources  

• It was acknowledge that the CBBP of small ruminants is highly resources demanding (e.g. Car) 

• On the other hand, the research center and institute are working with few vehicles  

• It was suggested that the way at least a car is secured for this work, as Oromia,  should be 

solicited 

 

Commitments and others  

• The staggering condition of the CBBP shows that commitment is lacking at individual and 

institution level 

• The work was not institutionalized thus far; only individuals effort? 

• Resources was very limiting (Budget, vehicle …) 

 

The way forward 

 Resources allocation should be ensured  

o Human resources  

o Material including ear tag and car for this work and financial resources  

 Ensure real collaboration of stakeholders   

 Better to discuss with ICARDA 

 Job description should be clearly stated among the stallholders 

o The contribution of stallholders to the project should be clear 

Conclusions 

 It could be concluded that the biological progress made since recent years was promising  

 The market linkage created for the farmers attracted the attention of participating farmers 

positively 

 Any CBBP should not be started before establishment of Coops  
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Abstract 

 

The experiment was conducted at Adami Tulu Agricultural Research Center (ATARC) and Negele Arsi 

Farmers Training Center (FTC) with the objective of assessing the effect of different levels of cattle 

manure on biomass and seed yields and crude protein (CP) contents of Rhodes grass. The treatments 

were three levels of manure application (5, 10 and 15 t/ha) and a control (with no manure application). 

The result indicated the highest (p<0.05) biomass, seed yield and CP contents for the treatments with 

cattle manure as compared to the control, The values increased with the increment in the rate of the cattle 

manure. However, treatments with higher levels (10 t/ha and 15t/ha) of cattle manure application didn't 

produce significant differences in yields and CP contents as compared to the lower level (5t/ha) of 

manure application. The lower yields and CP contents of the control treatment indicates that the soil did 

not have enough nutrients to sustain optimal performance of the grass. Economic analysis also indicated 

that the benefits from Rhodes grass can be increased through application of cattle manure. The marginal 

rate of returns of 3.33 and 20.90 were produced for forage biomass and seed yields respectively at 5 t/ha 

of cattle manure application. This indicated that cattle manure application at the rate of 5 t/ha is the most 

economical when compared with the other rates. Further study is required to determine the seasons and 

manure application frequencies in the year for optimum yield, minimizing the risk of nutrient leaching, 

and environmental impact. 

 

Key words: Biomass yield, Cattle manure, Seed yield, Rhodes grass 

 

Introduction 

 

Livestock production is an important component of nearly all farming systems in Ethiopia and it provides 

milk, meat, draught power, transport, manure, hides and skins (Funk et al., 2012) and it serves as a source 

of income. The livestock sector contributes about 15-17% of the total gross domestic product and 35-49% 

of the total agricultural gross domestic product (ATA, 2012). However, the productivity per animal is 

very low and the contribution of the livestock sector to the overall economy is much lower than expected. 

Despite enormous contribution of livestock to the livelihood of farmers, they are faced with multifaceted 

problems in the production system, among which the major one is inadequacy of feed supply both in 

quantity and quality (Manaye et al., 2009). Crop residues are the major sources of livestock feed however, 

most of them could not meet the nutritional requirements of animals due to their low protein and high 

fiber contents. On the other hand, both the area and productivity of grazing lands have greatly declined 
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due  to expansion of cropping, disappearance of valuable species, spread of unpalatable species and land 

degradation which are associated with overstocking and overgrazing (Ayana 2014). Hence, if any 

significant production level is expected from livestock, these feed resources have to be complemented 

with cultivated pastures of high forage yields and  quality.  

 

Improved forage grasses constitute one of the most important feed sources for grazing animals. The 

intensity of forage production depends basically on the plant tillering and leaf development and growth 

processes (DeBona and Monteiro, 2010). Such plant processes are genetically controlled and can be 

altered by management of the plant growth conditions. Among the changeable plant growth conditions, 

growth medium such as water and nutrient availability play a major role in determining forage dry matter 

yields. Rhodes (Chloris gayana) grass is among the very few perennial pasture species selected for its 

adaptation and herbage yield in the mid rift valley of Ethiopia. Once established very well, it stays green 

for most part of the year and resumes active growth during the short rains in the area. Herbage yield of 

Rhodes grass under mid rift valley condition is 5.2 ton DM/ha (ATARC annual report 2017). However, 

this grass can yield up to 15 ton/ha with the application of nitrogen fertilizer (Getnet et al. 2003).  

 

Fertilizer is one of the most important nutrient for encouraging grass growth and has great influence on 

growth and development of crops. Fertilization with manure has paramount importance for successful 

establishment of grasses and then for both biomass and seed production. Animal manure is an important 

source of major and minor plant nutrients. On average a tone of cattle manure contains 8.55 kg of N 

(Douglas Beegle, 1997), but different batches may contain different percentage of nutrients depending on 

sources and storage (Murwira et al., 1995). Besides nutrient provision, manure has a beneficial role in 

improving the soils physical characteristics.  

 

Crops can only assimilate inorganic forms of N, such as nitrate and ammonium. However, most of N in 

manures is applied in organic form. Organic N remains in the soil until it mineralizes. Mineralization is a 

continuous process and  a number of factors such as temperature influence the rate at which it occurs 

(David, 2004). An increase in soil temperature increases  nitrogen mineralization. The increased 

mineralization with increase in soil temperature is ascribed to the increased microbial activities and 

decomposition of organic matters which resulted in increased mineralization of soil organic nitrogen 

(Nicolardot et al., 1994 and Leiros et al., 1999) 

 

The existing pressure of feed shortage and high prices of agro-chemical inputs necessitates the use of 

farmyard manure for both backyard and field production of improved perennial pasture species. Using 

manure for perennial pasture species is also advantageous in that, because of their long life cycle, they 

can efficiently exploit the residual fertilizer value of the manure. Moreover, the importance of farmyard 

manure is being realized because of the high cost of commercial fertilizers and its long term adverse 

effect on soil chemical properties. Besides supplying macro- and micronutrients to the soil (Negassa et 

al.,2001; Tirol-Padre et al., 2007), farmyard manure also improves the physico-chemical properties of the 

soil (Tirol-Padre et al., 2007). So the use of organic manure offers the best and affordable opportunities to 

alleviating the soil fertility problems and thus improving the pasture productivity under smallholder 

farmers condition. Although Chloris gayana is identified as the most promising perennial forage grasses, 

there is lack of information on seed and herbage yield responses of the species to manure fertilizer 

application. Moreover, the optimum rate that can maximize both seed and herbage outputs of this grass 
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has not been established under the conditions of mid rift valley areas. Hence, the study was initiated to 

assess the effect of different levels of cattle manure on the establishment, herbage and seed yields CP 

contents of Chloris gayana in mid rift valley of Oromia, Ethiopia.  

 

Materials and methods  

 

Study area  

The experiment was conducted at Adami Tulu Agricultural research Center and Negele Arsi Farmers 

Training Center for three consecutive years (2016-2018 E.C). Adami Tulu and Negele Arsi districts are 

located in the mid rift valley of Oromia, at about 167 and 225 km respectively south of Addis Ababa on 

Hawasa road. Adami Tulu research center lies at latitude of 7o 9’ N and 38o 7’ E longitude. Its altitude is 

about 1650 meters above sea level (m.a.s.l). It has an average annual rainfall of 727.1 mm, whereas its 

average annual minimum and maximum temperatures are 11.8oc and 28.3oc, respectively (ATARC 

metrology data, 2015-2017). Negele Arsi district is located at 38º 25' E to 38º 54' E longitude and 7º 09' to 

7º 41' N latitude. It has borderlines with Southern Nations, Nationalities and Peoples Regional State 

(CSA, 2017/18). Negele Arsi district is grouped into three climatic zones based on altitude. These are 

low, mid and high altitude ranging from 1500- 3070 m.a.s.l. It has a bimodal rainfall pattern with a short 

rainy season from March to May and the main rainy season from late June to September. The dry season 

in the area is mostly from October to February. The mean annual rainfall of the district is 825 mm while 

the annual temperature varies from 16 - 25oC (CSA, 2017/18). 

 

Experimental treatments and design  

Adapted Rhodes grass (Chloris gayana  Cv. Masaba) was established on a well prepared seedbed using a 

recommended seeding rate of 15 kg/ha. Different rates of decomposed cattle manure were used in the 

experiment. A total of four treatments; Rhodes with no manure application (T1), 5 t/ha of cattle manure 

(T2), 10 t/ha of cattle manure (T3), 15 t/ha of cattle manure (T4) were used. The treatments were laid out 

in RCBD with three replications. Treatments were arranged based on the recommended level of cattle 

manure for Rhodes grass production by different authors (ESGPIP 2008, Getnet et al. 2003). Moreover 

cattle manure treatments were set according to Douglas Beegle (1997) who stated that a tone of cattle 

manure contains 8.55 kg of Nitrogen.  

 

All necessary data including planting date, days to 50% flowering, plant height, total forage biomass, dry 

matter and seed yield were recorded. Forage yield were estimated by harvesting the grasses at the stage of 

50% flowering. The 50% flowering is the recommended harvesting stage for perennial grasses for 

compromised herbage yield and quality. The mature inflorescences were harvested 10-15 cm below the 

panicle; then sun dried, piled for few days and manually threshed and cleaned to estimate seed yields. 

Herbage samples were  dried to constant weight using forced air-drying oven to determine the dry matter 

using methods described by AOAC (2000). Total nitrogen was determined following Kjeldahl procedure 

as described by Cottenie (1980).  

 

Partial budget analysis 

Simple partial budget analysis was employed for economic analysis of different levels of cattle manure 

application for biomass and seed yield data. The price of Rhodes seed, labor costs for transportation and 

preparation of cattle manure were considered to determine the economic feasibility of cattle manure 
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fertilizer application (CIMMYT, 1988). Market price of Rhodes grass herbage and seed were also taken at 

harvest. The economic analysis was based on the following formula developed by CIMMYT (1988).  

 

Average biomass and seed yield (kg ha-1) (AvY): is an average yield of each treatment. 

 

Adjusted yield (AjY): is the average yield adjusted down ward by a 10% to reflect the difference 

between the experimental yield and yield of farmers.  

AjY = AvY* (1-0.1) 

 

Gross field benefit (GFB): was computed by multiplying field/farm gate price that farmers receive for 

the grass when they sale it as adjusted yield.  

GFB = AjY*field/farm gate price for the grass 

 

Total cost: is the cost of transportation and preparation of cattle manure used for the experiment. The 

costs were based on the prices during the experimental period. The costs of other inputs and production 

practices such as labor cost for land preparation, planting, weeding and harvesting were assumed to be the 

same for all treatments. 

 

Net benefit (NB): was calculated by subtracting the total costs from gross field benefits for each 

treatment.    NB = GFB – total cost 

 

Marginal return (MR): is the measure of increasing in return by increasing input. Marginal rate of 

return (MRR %): was calculated by dividing change in net benefit by change in cost.  

𝑴𝑹𝑹=
𝜟𝑵𝑩

𝜟𝑻𝑪
 

 

According to CIMMYT (1988), the minimum acceptable marginal rate of return (MRR) should be 1.0. If 

both net income and variable costs increase, the rate of return should be looked at. The greater increase in 

net income and the higher rate of return, the more economical an alternative technology is. Hence, the 

new technology should be accepted only if its rate of return is higher than 1.0. 

 

Statistical analysis  

The collected agronomic, herbage DM and seed yields data were subjected to analysis of variance using 

the SAS statistical procedures. Means were separated using Least Significant Difference (LSD) at 5% 

significant level.  

 

Result and Discussions 

Result of agronomic performances of Rhodes grass in response to different level of cattle manure 

application are presented in Table 1. Plant height was significantly (p<0.05) affected by application of 

different levels of cattle manure treatments. The longest plant height (95.72cm) was recorded from the 

highest level of cattle manure treatment (15t/ha) while the shortest (76.48 cm) was recorded from the 

control treatment. In line with this result, Qamar et al., (2000)  also pointed out that the use of cattle 

manure increased plant height significantly over non fertilized treatment. On the other hands, the tested 

treatments have no significant (P>0.05) effect on plot cover and days to 50% flowering of the grass. 
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However, on average it took shorter days (70.41) at Adami Tulu site to reach 50% flowering as compared 

to at Negele Arsi site (Table 1). This could be probably due to the agro-ecology differences as the hot 

climate of Adami Tulu area might have been prompted early maturity of the crops. The higher mean plant 

height recorded for the tested treatments at Negele Arsi as compared to Adami Tulu site could be mainly 

due to the better soil fertility and soil moisture in Negele Arsi area.  

 

Table 1. Plot cover, plant height and days to 50% flowering of Rhodes grass in response to different 

levels of cattle manure 

1LSD=Least significant difference. CV=Coefficient of variation, NS= Non significant,  
2 Figures having the same letters with in a column are not significantly different, while values followed by 

different letter (s) are significantly different 

 

Results of dry matter, seed  yield and CP analyses of Rhodes grass in response to different level of cattle 

manure treatments are presented in Table 2. The results indicated that all these parameters are 

significantly affected by manure application. The highest values of dry matter (10.80t/ha), seed yield 

(500.75kg/ha) and CP (11.47%) were recorded from the highest level (15t/ha) of cattle manure treatment. 

Even though increasing the level of application of cattle manure increased yields and CP of the grass, the 

values were not significantly different among the three cattle manure treatments. Hence, increasing the 

amount of cattle manure above 5 t/ha didn't significantly increased CP, dry matter and seed yields of 

Rhodes grass. This indicates that the maximum nutrient requirements of the grass is already met by the 

manure level of 5 t/ha. On the other hand, the higher yield performance observed from manure fertilized 

Rhodes could be due to improvement in the soil nutrients availed for the crop as a result of applied 

fertilizer. Kumar et al. (2004) and Debele et al., (2001) also reported organic manures, especially 

farmyard manure, have a significant role for maintaining and improving the chemical, physical and 

biological properties of soils. In line with this study, Irshad et al., (2002) also reported that the application 

of manure fertilizer enhanced plant growth performances as compared with non-treated control. Similarly, 

Obied (2003) and Ismael (2007) reported that manure significantly increased the dry matter yield of 

different forage species. Generally, better yields and CP content were recorded for the tested treatments at 

Negele Arsi as compared to Adami Tulu sites. This could be mainly due to better soil fertility and soil 

moisture in Negele Arsi than in Adami Tulu site.  In this regard, Diriba et al., (2014) indicated that 

variation of experimental areas in climate and/or soil types or their interactions have effects on 

performance of forage crops. Other authors (Debele et al., 2001) also pointed out that climatic condition 

is one of the factors determining  herbage biomass  production of the grasses.   

 

Treatments 

Plot cover      (%) Plant height   (cm) Days to 50% flowering 

Adami 

Tulu  

Negele 

Arsi 
Combined  

Adami 

Tulu  

Negele 

Arsi 
Combined  

Adami 

Tulu  

Negele 

Arsi 
Combined  

With no manure 

application 
63.41 74.5 68.95 71.3b 81.66b 76.48b 72.33 91.33 81.83 

5 tone/ha 62.16 87.58 74.87 79.2ab 97.41a 88.31a 68.33 91.33 79.83 

10 tone/ha 66.75 83.83 75.29 81.26ab 91.66ab 86.46ab 72.33 90.66 81.50 

15 tone/ha  67.00 87.42 77.21 89.6a 101.8a 95.72a 68.66 91.00 79.83 

Mean 64.83 83.33 74.08 80.34 93.14 86.74 70.41 91.08 80.75 

CV 18.56 14.42 20.31 8.83 7.46 11.04 4.88 2.19 14.43 

LSD (5%) NS NS NS 13.37 13.08 11.54 NS NS NS 
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Table 2. Dry matter and  seed yields and Crude Protein  content of Rhodes grass in response to different 

levels of cattle manure 

1LSD=Least significant difference. CV=Coefficient of variation, NS= Non significant,  
2 Figures having the same letters with in column are not significantly different, while values followed by 

different letter (s) are significantly different 

 

 Partial Budgeting Analysis 

The cost benefit analysis result for herbage biomass and seed yield production of Rhodes grass in 

response to different levels of cattle manure application are presented in Table 3 and 4 respectively. The 

result of herbage biomass production indicated that the highest net benefit of 18367.5 Birr/ha was 

recorded from the medium level of cattle manure application (10 t/ha) while the least (15330.0 Birr/ha) 

was recorded from the control treatment. However, the highest marginal rate of returns (3.33) was 

recorded from lower level (5 t/ha) of cattle manure application. It means that investment of 1 Birr in 5 

tone/ha of cattle manure on Rhodes grass production recouped the 1 Birr and gave an additional 3.33 Birr. 

The  values for marginal rate of return for cattle manure treatments with 10 and 15 t/ha rates were 0.04 

and -0.56, respectively. The lower values recorded for medium and higher level of cattle manure 

application could be due to the increase in the total input costs and reduction in the revenue obtained from 

the treatments as compared to minimum level of cattle manure application. Since the MRR for the 

medium and higher rates of manure application are bellow 1, the changes were inferior to that of the 

lower level of cattle manure (5 t/ha) and would not be considered. Hence, the optimum level of cattle 

manure application for Rhodes grass biomass production should be at 5 t/ha.       

 

Table 3. Partial budget analysis of different levels of cattle manure application for forage biomass 

production  

Descriptions Without 

fertilizer  

5 tone/ha  

 

10 tone/ha 

 

15 tone/ha 

 

Gross income (Birr)     

Average forage DM yield (ton/ha) 8.48 10.22 10.63 10.81 

Adjusted forage DM yield (ton/ha) 7.63 9.19 9.57 9.72 

Sale  price of forage (Birr/ton) 2500 2500 2500 2500 

Sale revenue of forage (Birr) 19080 22983.75 23917.5 24311.25 

Input costs (Birr/ha)     

Rhodes seed  3750 3750 3750 3750 

Treatments 

Dry Matter yield (t/ha) Seed yield (kg/ha) Crude Protein (%) 

Adami 

Tulu  

Negele 

Arsi 
Combined  

Adami 

Tulu  

Negele 

Arsi 
Combined  

Adami 

Tulu  

Negele 

Arsi 
Combined  

With no 

manure 

application 

7.80b 9.16c 8.48b 338.26b 402.84c 370.55b 6.93 7.66b 7.30b 

5 tone/ha 9.34ab 11.09b 10.22a 395.71ab 520.61b 458.16a 9.37 10.34a 9.86a 

10 tone/ha 9.63a 11.63a 10.63a 420.76ab 555.74ab 488.25a 9.67 11.6a 10.66a 

15 tone/ha  9.76a 11.85a 10.81a 430.68a 570.81a 500.75a 10.77 12.16a 11.47a 

Mean 9.13 10.93 10.03 396.35 512.5 454.43 9.18 10.45 9.82 

CV 20.2 10.70 17.62 22.53 9.07 20.38 22.83 12.87 17.73 

LSD (5%) 1.77 1.12 1.17 85.74 44.67 61.63 NS 2.53 2.09 
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Variable costs (transportation and/or  

preparation)  

 900 1800 2700 

Total input costs 3750 4650 5550 6450 

Net benefit (Birr) 15330 18333.75 18367.5 17861.25 

Change in net benefits between two 

consecutive treatments 
  3003.75 33.75 -506.25 

Change in total variable input costs 

between two consecutive treatments 
  900 900 900 

Marginal rate of return   3.33 0.04 -0.56 

 

Cost benefit analysis for Rhodes seed production from different levels of cattle manure application 

showed that the highest net benefit of 106218.75 Birr/ha was recorded from the highest cattle manure 

application rate (15 t/ha) while the lowest (79623.75 birr/ha) net benefit was obtained from the control 

treatment. The net benefit increased with increasing rate of cattle manure application most probably due 

to the better improvement of soil condition that consequently resulted in increased herbage biomass and 

seed yields. However, the marginal rate of returns revealed that the highest value (20.90) was recorded 

from the application rate of 5 tons of  cattle manure /per hectare. The marginal rate of return for seed 

production decreased as the application rate of cattle manure is increased from 5 t/ha to 15 t/ha. The 

maximum values of MRR recorded from cattle manure applications shows the significant contribution of 

cattle manure to soil fertility improvement for optimum and cost effective Rhodes biomass and seed yield 

production. The highest marginal rate of returns produced from the rate of 5 tons of cattle manure per 

hectare indicated that this rate is the most economical among the other rates for herbage biomass and seed 

production of Rhodes grass.  

 

Table 4. Partial budget analysis of different levels of cattle manure for seed  production  

Descriptions Without 

fertilizer  

5 tone/ha  

 

10 tone/ha 

 

15 tone/ha 

 

Gross income (Birr)     

Average seed yield (kg/ha) 370.55 458.16 488.25 500.75 

Adjusted seed  yield (kg/ha) 333.495 412.344 439.425 450.675 

Sale  price (birr/kg)=250 250 250 250 250 

Sale revenue (Birr) 83373.75 103086 109856.25 112668.75 

Input costs (Birr/ha)     

Rhodes seed  3750 3750 3750 3750 

Variable costs (transportation and/ 

or  preparation) 
  

900 1800 2700 

Total input costs 3750 4650 5550 6450 

Net benefit (Birr) 79623.75 98436 104306.25 106218.75 

Change in net benefits between two 

consecutive treatments 
  18812.25 5870.25 1912.5 

Change in total variable input costs 

between two consecutive treatments 
  900 900 900 

Marginal rate of return   20.90 6.52 2.12 
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Conclusions 

 

The study indicated that all treatments with cattle manure have produced better dry matter, seed yield and 

CP content as compared to the non-fertilized treatment. However, the treatments with cattle manure did 

not significantly differ in CP, dry matter and seed yield production among themselves. Economic analysis 

result also showed that benefits from Rhodes grass production can be increased through application of 

cattle manure. However, the highest marginal rate of return produced from 5 t/ha of cattle manure 

indicated that this rate is the most economical one among the others for herbage biomass and seed 

production. Hence, it is logical to recommend cattle manure at 5 t/ha for optimum biomass and seed 

production and improved CP content of the grass at the study sites. Moreover, it is very important to 

encourage our farmers to use cattle manure as inorganic fertilizers are becoming very expensive for 

resource poor farmers. Further study is also required to determine the seasons and frequencies of manure 

application in the year for optimum yield and  minimized  nutrient leaching and environmental impact. 
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Abstract 

 

The experiment was conducted on-station at Adami Tulu Agricultural Research Center and Negele Arsi 

(FTC) sites with objective to assess the effect of different levels of inorganic nitrogen (N)-fertilizer on 

forage biomass, seed yield and crude protein (CP) performances of Rhodes grass. Different levels of 

inorganic N fertilizers were used as treatments. Accordingly a total of five treatments; Rhodes without 

fertilizer (T1), 23kg/ha of inorganic N-fertilizer (T2), 46 kg/ha of inorganic N-fertilizer (T3), 69kg/ha of 

inorganic N-fertilizer (T4) and 92kg/ha of inorganic N-fertilizer (T5) were evaluated in Randomized 

Complete Block Design (RCBD) with three replications. The result indicated that the highest biomass, 

seed yield and CP content were obtained from the treatments fertilized with inorganic N-fertilizers 

significantly (p<0.05) higher compared to the control treatment. The yield and CP contents increased 

with the increment of the rate of inorganic fertilizers. However, treatments with higher level of fertilizer 

application didn't produce significance yield and CP differences as compared to the lower level of 

fertilizer application. This clearly showed that applying fertilizers above the minimum levels (23kg/ha N) 

didn't produce significantly higher yield and CP in this experiment. The lower yield and CP performance 

of the control/without fertilizer treatment showed that the experimental soil have not had enough 

nutrients to sustain optimal performance of Rhodes grass. Based on economic analysis results, the 

highest marginal rate of returns of 1.23 and 13.18 were produced for forage biomass and seed yield 

production, respectively, using inorganic N-fertilizer at the rate of 23kg/ha. It indicated that this rate was 

the most economical among others for herbage biomass and seed yield production of Rhodes grass. 

Therefore, the optimum inorganic N fertilizer rate for small scale farmers of the study area with low cost 

of production and higher benefits was at a rate of 23 kg/ha. 

  

Key words: Biomass yield, Nitrogen fertilizer, Seed yield, Rhodes grass 

 

Introduction 

 

Livestock contribute significantly to food production directly via the provision of high value animal 

products, and indirectly by supporting crop production through draught power and manure. Moreover, 

they are important sources of income and store of wealth for smallholder farmers, thereby providing 

access to food. Despite enormous contribution of livestock to the livelihood of farmers and pastoralists, 

they are facing multifaceted problems, among which the major one is poor quantity and quality feed 

supply (Manaye et al., 2009). The major feed resources, natural pasture and crop residues, have low CP 

and voluntary intake. The area and productivity of grazing lands have greatly declined mainly due to 

expansion of cropping and consequent disappearance of valuable species, spread of unpalatable species 

and land degradation which are associated with overstocking and overgrazing (Ayana 2014) owing to 

congested grazing areas. 
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Thus, to solve the feed shortage and increase livestock production and productivity, it is necessary to 

promote the production of high biomass and quality of improved forages suitable to the environmental 

condition. Improved forage grasses are as one of the most important feed sources for grazing animals. 

Among forage grass species adapted and recommended so far for mid rift valley of Oromia, Rhodes grass 

(Chloris gayana) is found to be the best performed forage grass (Dawit et al., 2017).  Rhodes grass is 

suitable to tropical and subtropical areas with rainfall ranging from 600- 1600mm per annum when grown 

on pastureland. It is grown in a wide range of soils; from clays to sandy loam (Valenzuela and Smith, 

2002).  

Nitrogen fertilizer is one of the most important fertilizers for encouraging grass growth and has great 

influence on growth and development of seed crops. Rhodes grass responds well to nitrogen fertilizer and 

the use of fertilizer are found to be important for improving the performances of the grasses (DeBona and 

Monteiro, 2010, Ahmed and Yassin 2013). Cowan et al. (1995) also stated that the increases in pasture 

yield of Rhodes grass are at a maximum when nitrogen applied to pastures. Herbage yield of Rhodes 

grass under mid rift valley condition is 5.2 ton DM/ha (ATARC annual report unpublished). This grass 

can yield up to 15t/ha with the application of nitrogen fertilizer (Getnet et al. 2003).  

 

However, there is lack of information on the response of performance of Rhodes grass to inorganic 

nitrogen fertilizer application. Moreover, the optimum fertilizer rate that can maximize yield and quality 

of this grass species has not been established under conditions of the mid rift valley of Oromia. Hence, the 

study was initiated to assess the effect of different levels of inorganic N-fertilizer on agronomic, yield and 

quality performances of Chloris gayana in mid rift valley of Oromia.  

 

Materials and methods  

 

Study area  

The experiment was conducted on-station at Adami Tulu and Negele Arsi FTC sites for three consecutive 

years (2016-2018 E.C. Adami Tulu   and Negele Arsi districts are located in the mid rift valley of Oromia, 

at about 167 and 225km, respectively, south of Addis Ababa on the way to Hawasa. Adami Tulu research 

center lies at latitude of 7o9’N and 38o7’E longitude. Its altitude is about 1650 meters above sea level 

(m.a.s.l). It has an average annual rainfall of 727.1mm, whereas the average annual minimum and 

maximum temperatures of the area during the study period were 11.8oC and 28.3oC, respectively 

(ATARC metrology data, 2015 - 2017). Negele Arsi district is located at 38º 25' E to 38º 54' E longitude 

and 07º 09' to 07º 41' N latitude. It has borderlines with Southern Nations, Nationalities and Peoples 

Regional State (CSA, 2017/18). Negele Arsi district is grouped into three climatic zones based on 

altitude. These are low, mid and high altitude ranging from 1500- 3070 masl. It has a bimodal rainfall 

pattern with a short rainy season from March to May and the main rainy season from late June to 

September. The dry season in the area is mostly from October to February. The mean annual rainfall of 

the district is 825mm while the annual temperature varies within a range of 16 and 25 oC (CSA, 2017/18). 

 

Experimental treatments and design  

Adapted Rhodes grass (Chloris  gayana  Cv. Masaba) was established on a well prepared seedbed using a 

recommended seeding rate of 15kg/ ha. Different rates of inorganic N-fertilizers were used in the 

experiment. A total of five treatments, namely, Rhodes without fertilizer (T1), 23kg/ha of inorganic N-
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fertilizer (T2), 46 kg/ha of inorganic N fertilizer (T3), 69kg/ha of inorganic N fertilizer (T4) and 92kg/ha 

of inorganic N fertilizer (T5) were used. Treatments arrangements were done based on the recommended 

inorganic N-fertilizer for Rhodes grass production by different authors (ESGPIP 2008, Getnet et al. 

2003). The treatments were laid out in RCBD with three replications. Nitrogen fertilizer was splitted into 

two so that one half was applied at planting and the balance at tillering. Phosphorous fertilizer was 

applied at the rate of 46kg P2O5/ha to all inorganic nitrogen source (UREA) plots. 

 

All necessary data including planting date, days to 50% flowering, plant height, total forage biomass, dry 

matter and seed yield were recorded. Forage yield was estimated by harvesting the grasses at 50% 

flowering stage, which is the recommended harvesting stage for perennial grasses to compromise herbage 

yield and quality. The mature inflorescences were harvested 10-15cm below the panicle; then sun dried, 

piled for few days and manually threshed and cleaned to estimate seed yields. Herbage samples were 

dried to constant weight using forced air-drying oven to determine the dry matter using methods 

described by AOAC (2000). Total nitrogen was determined following Kjeldahl procedure as described by 

Cottenie (1980).  

 

Partial budget analysis 

Simple partial budget analysis was employed for economic analysis at different levels of inorganic N 

fertilizer application for biomass and seed yield. The potential response of the grass towards the added 

fertilizer and price of fertilizers ultimately determine the economic feasibility of fertilizer application 

(CIMMYT, 1988). To estimate the total costs, mean prices of Urea and DAP was collected at the time of 

planting and market price of Rhodes grass herbage and seed were also taken at harvest. The economic 

analysis was based on the formula developed by CIMMYT (1988) and given as follows: 

 

Gross average biomass and seed yield (kgha-1) (AvY): is an average yield of each treatment. 

Adjusted yield (AjY): is the average yield adjusted downward by a 10% to reflect the difference between 

the experimental yield and yield of farmers.  

AjY = AvY* (1-0.1) 

 

Gross field benefit (GFB): was computed by multiplying field/farm gate price that farmers receive for 

the grass when they sale it as adjusted yield.  

GFB = AjY*field/farm gate price for the grass 

 

Total cost: is the cost of UREA and DAP were considered. Their prices was based on the price during 

experimental periods. The costs of other inputs and production practices such as labor cost for 

land preparation, planting, weeding and harvesting were assumed to remain the same or were 

insignificant among treatments. 

Net benefit (NB): was calculated by subtracting the total costs from gross field benefits for each 

treatment.     

NB = GFB – total cost 

 

Marginal return (MR): is the measure of increasing in return by increasing input 

Marginal rate of return (MRR %): was calculated by dividing change in net benefit by change in cost.  
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𝑴𝑹𝑹=
𝜟𝑵𝑩

𝜟𝑻𝑪
 

 

According to CIMMYT (1988), the minimum acceptable marginal rate of return (MRR) should be 1.0. If 

both net income and variable costs increase, the rate of return should be looked at, the greater increase in 

net income and the higher rate of return, the more economically an alternative technology is, hence, the 

new technology should be accepted only if its rate of return is higher than 1.0. 

 

Statistical analysis  

The collected agronomic, herbage DM and seed yield data were subjected to analysis of variance using 

the SAS statistical procedures. Means were separated using least significant difference (LSD) at 5% 

significant level.  

 

Result and Discussions 

 

The results of agronomic performance of Rhodes grass tested for different levels of N- fertilizers are 

presented in table 1. The result indicated that different levels of inorganic N-fertilizer were significantly 

(p<0.05) increased lant height of Rhodes grass. The longest mean plant height (90.38 cm) was recorded 

from treatment with N-fertilizer  of 69kg/ha while the shortest (73.98cm) plant  height was recorded from 

the control treatment. Different authors have found different results regarding the effect of N- fertilizer on 

plant height. Brima (2007) and Abedelrahman (2007) stated that mean plant height of Rhodes grass were 

not significantly affected by different fertilizer levels while Saad (2009) found a significant effect of 

nitrogen fertilizer on mean plant height.  In other researches, increase in nitrogen fertilization significantly 

increased grass height (Adam, 2004 and Gasim, 2001, Mohammed, 1990).  

 

On the other hand, there was no significant (p>0.05) differences in plot cover and days to 50% flowering 

among the tested treatments. Data on days to 50% flowering indicated that the different level of N-

fertilizer didn't produced significant (p>0.05) variations among the treatments. However, it takes longer 

mean of days (91.13) at Negele Arsi site to reach 50% flowering stage as compared to Adami Tulu site 

(70.33) probably due to the agro-ecology differences as hot climate prompted early maturity of the crops 

at Adami Tulu site.  

 

Table 1. Mean plot cover, plant height and days to 50% flowering of Rhodes grass in response to different 

levels of inorganic Nitrogen fertilizers 

Treatments  Plot cover (%) Plant height (cm) Days to 50% flowering 

 Adami 

Tulu 

Negele 

Arsi 

Mean  Adami 

Tulu 

Negele 

Arsi 

Mean  Adami 

Tulu 

Negele 

Arsi 

Mean  

Without 

fertilizer  

75.08 80.75 77.92 66.30b 81.66b 73.98b 72.33 90.33 81.83 

23 kg/ha  70.00 90.08 80.04 80.80a 87.33ab 84.06a 71.66 91.33 81.50 

46 kg/ha 73.75 85.33 79.54 81.33a 92.16a 86.75a 70.66 91.00 80.83 

69  kg/ha  87.75 79.33 83.54 91.26a 89.50a 90.38a 67.66 91.33 79.50 

92 kg/ha 79.50 87.50 83.50 85.70a 92.00a 88.85a 69.33 90.66 80.0 

Mean 77.22 84.60 80.91 81.08 88.53 84.81 70.33 91.13 80.73 
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CV 13.64 10.21 13.34 9.58 4.68 8.93 3.95 1.85 14.38 

LSD (5%) NS NS NS 14.13 7.54 9.0 NS NS NS 
1LSD=Least significant difference. CV=Coefficient of variation, NS= Non significant 
2 Figure having the same letters with in column are not significantly differ, while values followed by 

different letter (s) are significantly differ 

 

Herbage dry matter, seed yield and CP recorded from application of different inorganic N fertilizer levels 

are presented in table 2. At both sites, dry matter, seed yield and CP content were significantly (p<0.05) 

the higher for the N fertilizer applied treatments than the control. The result of the combined sites 

indicated that the maximum mean dry matter (13.55t/ha) and seed yield (501.28kg/ha) values were 

recorded from the higher level (92kg/ha) of N fertilizer treatment. On the other hands the highest mean 

(11.75%) CP value was recorded for the lower rate of N fertilizer treatment. The control treatment 

performed the least in all parameters.  Previous studies also found that Rhodes grass responded well to 

nitrogen fertilizer (Valenzuela and smith, 2002). The higher yield obtained from fertilized Rhodes grass 

could be due to the improvement in soil nutrients. On the other hand, the lower yield and CP obtained 

from control/without fertilizer treatment showed that the experimental soils have not had enough nutrients 

to sustain optimal performance of Rhodes grass. Hence, the biomass and seed production as well as CP 

depends on contribution of N which, in turn, is dependent on the amount of organic matter in the soil. 

Borhan and Hago (2000) also stated that nitrogen plays an important role in plant growth and 

physiological processes, as it enters all enzymes composition and enhances vegetative growth and yield.  

 

The trend of dry matter and see yield increment indicates that the yield increased somewhat with the 

increment of inorganic N fertilizer rates. However, the tested treatments with inorganic N-fertilizers were 

not significantly different in yield and CP performance among themselves. So, increasing quantities of 

inorganic N-fertilizer above 23kg/ha didn't significantly increased dry matter, seed yield and CP contents 

of Rhodes grass. The significant differences were observed between the control (without fertilizer) and 

treatments with different levels of fertilizer application. These results made evident that the input of N-

fertilizer only from the soil does not allow the grasses to express their biological potential. Moreover, the 

treatments with higher level of fertilizer application didn't produce significant yield and CP differences as 

compared to the lower levels of fertilizer application. This clearly showed that applying fertilizers above 

the minimum levels didn't produce significantly higher dry matter yield in this experiment. The high 

value of CP content recorded for the fertilizer applied treatments as compared to unfertilized/control 

treatment could be due to the addition of N from applied inorganic fertilizer.  

 

Generally, the better yield and CP performance were observed at Negele Arsi as compared to Adami Tulu 

site. The mean DM (13.78t/ha), seed yield (490.59kg/ha) and CP (11.50%) were recorded at Negele Arsi 

site while at Adami Tulu 11.34t/ha, 405.48kg/ha and 9.01% values, respectively.  The Better yield and CP 

were recorded for the tested treatments at Negele Arsi as compared to Adami Tulu site which could be 

mainly due to better soil fertility and soil moisture in the former study area. Climatic conditions are one of 

the factors that determine herbage DM production of the grasses (Debele et al., 2001). Other finding also 

confirmed that the variation in climatic and soil type of the experimental area and/or their interactions 

could also result in yield and CP differences of the forage grasses (Diriba et al., 2014).  
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Table 2. Dry matter, seed yield and crude protein performance of Rhodes grass in response to different 

levels of inorganic Nitrogen fertilizers  

1LSD=Least significant difference. CV=Coefficient of variation, NS= Non significant 
2 Figure having the same letters with in column are not significantly differ, while values followed by 

different letter (s) are significantly differ 

 

Partial Budgeting Analysis 

Partial budget analysis result for herbage biomass and seed production of Rhodes grass in response to 

different N fertilizer levels are presented in table 3 and table 4, respectively. The cost benefit analysis for 

Rhodes biomass production revealed that the highest total cost (7730 birr/ha) was recorded from the 

maximum level (92kg/ha) of inorganic N fertilizer while the lowest total cost was from the control 

(without fertilizer) treatment. On the other hand, the highest (22793.75 birr/ha) net benefit was obtained 

from the medium level (46kg/ha) of inorganic N fertilizer. However, the highest marginal rate of returns 

(1.23) was recorded from treatment with 23kg/ha of inorganic N fertilizer while the other N fertilizer rates 

showed MRR below 1 and negative value. The values of MRR recorded below 1 for the other inorganic N 

fertilizer rates could be due to the increase in the total input costs and reduction in the revenue from the 

treatments as compared to  the lowest (23kg/ha) of N-fertilizer application level. Hence, the treatment 

with inorganic N fertilizer rate of 23kg/ha was found to be the best profitable while the other treatments 

with MRR below would not be considered. 

 

Table 3. Partial budget analysis of different levels of inorganic nitrogen fertilizers for forage biomass 

production of Rhodes grass  

Descriptions 
Without 

fertilizer 
23 kg/ha 46 kg/ha 69  kg/ha 92 kg/ha 

Gross income (Birr)      

Average forage DM yield (ton/ha) 10.495 12.6 13.015 13.135 13.545 

Adjusted forage DM yield (ton/ha) 9.4455 11.34 11.7135 11.8215 12.1905 

Sale  price of forage (Birr/ton) 2500 2500 2500 2500 2500 

Sale revenue of forage (Birr) 23613.75 28350 29283.75 29553.75 30476.25 

Input costs (Birr/ha)      

Rhodes seed  3750 3750 3750 3750 3750 

UREA (12birr/kg)   600 1200 1800 2400 

Treatments  DM yield (t/ha) Seed yield (kg/ha) Crude Protein (%) 

 
Adami 

Tulu 

Negele 

Arsi 
Mean 

Adami 

Tulu 

Negele 

Arsi 
Mean  

Adami 

Tulu 

Negele 

Arsi 
Mean  

Without 

fertilizer  
9.43b 11.56b 10.49b 294.80b 332.96b 313.88b 6.60b 6.80b 6.70b 

23 kg/ha  11.41a 13.79a 12.60a 392.68a 502.33a 447.5a 9.95a 13.54a 11.75a 

46 kg/ha 11.74a 14.29a 13.02a 422.00a 510.75a 466.39a 10.00a 13.04a 11.52a 

69  kg/ha  11.78a 14.49a 13.14a 450.62a 539.37a 495.00a 9.00a 11.63a 10.32a 

92 kg/ha 12.34a 14.75a 13.55a 467.33a 535.22a 501.28a 9.51a 12.48a 10.99a 

Mean 11.34 13.78 12.56 405.48 490.59 444.81 9.01 11.50 10.25 

CV 17.0 15.03 18.42 24.74 14.45 21.45 14.35 14.61 19.68 

LSD (5%) 1.84 2.04 1.53 95.59 67.55 63.24 2.35 3.05 2.40 
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DAP (15 birr/kg)   1500 1500 1500 1500 

Variable costs (transportation and/or  

preparation)  
  20 40 60 80 

Total input costs 3750 5870 6490 7110 7730 

Net benefit (Birr) 19863.75 22480 22793.75 22443.75 22746.3 

Change in net benefits between two 

consecutive treatments 
  2616.25 313.75 -350 302.5 

Change in total variable input costs 

between two consecutive treatments 
  2120 620 620 620 

Marginal rate of return   1.23 0.51 -0.56 0.48 

 

The cost benefit analysis for Rhodes seed production using different levels of inorganic N fertilizer levels 

is indicated in table 4. The highest net benefit of 105054 Birr/ha, was recorded from the highest (92kg/ha) 

inorganic N fertilizer level.  However, the marginal rate of returns for the treatments revealed that the 

highest value (13.18) was recorded from the application of 23kg/ha of N-fertilizer level. The maximum 

values of MRR recorded from inorganic N-fertilizer at 23kg/ha rates showed the significant contribution 

of the N-fertilizer rates on the soil fertility improvement for optimum and cost effective Rhodes biomass 

and seed yield production. Hence, the highest marginal rate of returns produced from 23kg/ha of 

inorganic N-fertilizer rates for biomass and seed yield production indicated that these rates were the most 

economical among the other rates for herbage biomass and seed production from Rhodes grass at the 

study area.  

 

Table 4. Partial budget analysis of different levels of inorganic nitrogen fertilizers for seed production of 

Rhodes grass  

Descriptions 
Without 

fertilizer 
23 kg/ha  46 kg/ha  69  kg/ha 92 kg/ha  

Gross income (Birr)      

Average seed yield (kg/ha) 313.88 447.515 466.375 494.985 501.26 

Adjusted seed  yield (kg/ha) 282.492 402.7635 419.7375 445.4865 451.134 

Sale  price (birr/kg)=250 250 250 250 250 250 

Sale revenue (Birr) 70623 100690.88 104934.38 111371.63 112783.5 

Input costs (Birr/ha)      

Rhodes seed 3750 3750 3750 3750 3750 

UREA (12birr/kg)   600 1200 1800 2400 

DAP (15 birr/kg)   1500 1500 1500 1500 

Variable costs (transportation and/ or  

preparation) 
  20 40 60 80 

Total input costs 3750 5870 6490 7110 7730 

Net benefit (Birr) 66873 94820.875 98444.375 104261.63 105054 

Change in net benefits between two 

consecutive treatments 
  27947.875 3623.5 5817.25 791.875 

Change in total variable input costs 

between two consecutive treatments 
  2120 620 620 620 

Marginal rate of return   13.18 5.84 9.38 1.27 
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Conclusions 

 

The study indicated that all treatments with N fertilizers have produced better dry matter, seed yield and 

CP content as compared to the non-fertilized (control) treatment. However, the treatments with inorganic 

N fertilizers were not significantly different in dry matter and seed yield production among themselves. 

Hence, applying inorganic N fertilizer above 23kg/ha didn't produce significantly higher dry matter, seed 

yield and CP content. Economic analysis results also showed that benefits from Rhodes grass can be 

increased through application of inorganic N-fertilizers. However, the highest marginal rate of returns 

produced from 23kg/ha inorganic N-fertilizer indicated that this rate is the most economical among the 

others for herbage biomass and seed production. Hence, it is logical to recommend inorganic N-fertilizer 

at the rate of 23kg/ha for optimum dry matter and seed yield and CP improvement of Rhodes grass at the 

study area. 
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Abstract 

 

This experiment was undertaken on- station at Mechara Agricultural Research center for two consecutive 

cropping seasons of, 2016 and 2017. The aim of the study was to evaluate performance of Brachiaria 

genotypes/lines and select best adaptable, high herbage yielder with forage potentiality in study area. 

Four Brachiaria grass genotypes were evaluated in Randomized Complete Block Design (RCBD) with 

three replications and analyzed with General Linear Model (GLM) procedure of SAS version 9.0. The 

result revealed that percentage of regeneration capacity, plant height and dry matter yield showed 

statistically significance difference (P<0.05) among genotypes. In contrast, the percentage of plot 

coverage, stand vigor, leaf to steam ratio and biomass yield were not significantly different (P>0.05) 

among the genotypes considered in the study. Based on the result, the highest mean value of dry matter 

yield was recorded from Brachiaria mutica Dzf No 18659 (Dzf 483) (15.84t/ha) followed by Brachiaria 

decumbence Dzf No 194 (14.84 t/ha) genotypes. Variations in dry matter yield production across the 

genotypes could be attributed to differences in growth rate and growth habit, which are mediated through 

the genotypic and phenotypic differences. Numerically the highest least square mean value of fresh 

biomass yield was produced from Brachiaria mulat (45.8 t/ha) which is followed by Brachiaria mutica 

6964 Dzf No 484 (40.51 t/ha) genotypes.Based on these agronomic result obtained during experiment 

was conducted Brachiaria muticaDzf No 18659 (Dzf 483) and Brachiaria decumbence Dzf No 

194genotypes were well adapted, performed and had superior fresh biomass and nutritional yield under 

Mechara condition. These selected Brachiaria grass genotypes should be further demonstrated and 

scaled-up at Mechara on-farm condition and similar agro-ecologies of Hararghe areas. 

 

Key word:  Brachiaria  grass, Dry matter yield, Genotypes, Leaf: stem ratio 

 

Introduction 

 

Livestock production is one of the most important agricultural land use systems in the world (Wassie et 

al., 2017).  However, climate change is a threat to livestock production because of the impact on quality 

of forage crop, water availability, livestock diseases, animal reproduction, and biodiversity degradation. 

Similarly, in Ethiopia livestock production has been mainly constrained by inadequate supply and poor 

quality of available feed resources (Gelayenew et al., 2016).This feed shortage leads to low production 

and productivity of livestock products (Abdi et al., 2013; Fekede et al., 2016). Therefore, to improve 

production and productivity of the sector focusing on enhancing quality and quantity of animal feed is 

mandatory (Eyob and Zewudu, 2016). Nowadays, the most important livestock feed resource in Ethiopia 

are natural pasture, crop residues and grass hay (Abebeet al., 2015).  Natural pasture and crop residues 
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provide the bulk livestock feed in Ethiopia are seasonally produced during only for particular months 

(Wassie et al., 2017). 

Brachiaria grass has promising potential tropical forage of African origin with desirable attributes of 

agricultural and environmental significance to fill gap (Ghimire et al. 2013). It is good in palatability 

nutrition and biomass  that will support vibrant dairy and beef cattle industries while simultaneously 

reducing the carbon footprint of livestock production that increase milk and meat production, drought 

tolerant, adapted to low soil fertility, climate change,  significant role in soil fertility improvement, soil 

conservation, increasing bio-diversity and minimizing greenhouse gas emissions and contribution to 

carbon sequestration (Djikeng et al. 2014; Mutai et al., 2017;Hidosa and Guyo, 2017). The preliminary 

milk production data has shown a 15 to 40% increase in milk production in Kenya and an average 

increase of 36% in Rwanda through feeding Bracharia (Ghimire et al., 2013). 

In West Hararghe zone, low access to improved forage grasses, poor extension services on livestock 

forages, and feed scarcity are the major constraints in livestock production. Despite this, best practice of 

livestock fattening (oxen and goat) and dairy cattle production are the major livestock production systems 

found in the area. The farmers are using industrial by product, crop residues, local grasses, and natural 

pasture to feed their livestock in the area (Estefanoset al., 2014).  The experiences of cut and carry system 

is the major feeding system in the area due to absence of grazing land and land shortage in the area. The 

local grasses found from school compound, religious institutions, and communal government lands 

through purchasing.  

Farmers in the area sow/plant different types of forage grass species, especially Napier grass, on soil 

bunds, around their home and in uncultivated side of their farmlands using their indigenous knowledge. 

An indigenous knowledge is a base for scientific research in technology evaluations. Brachiaria grass is 

one of the different candidate forages that have multidimensional function in the farming systems of the 

tropics, including Ethiopia (Adnew et al., 2018).Undoubtedly climate change and variability threaten 

livestock feed availability and livelihood in arid and semi-arid environments (Hidosa and Guyo, 2017). 

Hence, introducing/adapting Brachiaria grasses can help increase soil carbon stocks that would mitigate 

the adverse effects of climate change and have greater economic returns for beef and dairy cattle 

producers. It is possible that the different varieties will perform differently in different ecological zones, 

but information on this kind grass is lacking in Eastern Oromia.  Therefore, this study was aimed to 

evaluate performance of Brachiaria  genotypes and select those with best adaptability, high herbage yield 

and nutritive value among four genotypes in the study area. 

 

MATERIALS AND METHODS 

 

Description of study area:  

The study was conducted at Mechara Agricultural Research center (McARC). Mechara Agricultural 

Research center is found at 40°19’N latitude and 08°35’E longitude with an altitude of 1,700 meters 

above sea level. It has located at 434 km to East of Addis Ababa in DaroLabu District, West Hararghe 

zone of Oromia National Regional State, and Eastern Ethiopian. The major soil texture of the center is 

sandy loam with reddish color and soil type is nitisol with 6.7-7pH range. The ambient temperature of the 

district (center) ranges from 14 to 26 oC with the average of 20oC and average annual rainfall of 1094 

mm/year (McARC, 2017). 
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Figure 1. Map of study area (Source: Own computational GIS data) 

 

Experimental Material and Design  

The experiment was conducted in 2016 and 2017 cropping seasons. Four Bracharia grass genotypes 

(Brachiaria muticaDzf No 18659 (Dzf 483), Brachiaria decumbence (Dzf No 194), Brachiaria mutica 

(6964 Dzf No 484), and Brachiaria mulatroots were brought from Ethiopian Institute of Agricultural 

Research, Debrezeite Agricultural Research Center (DZAC) and evaluated at Mechara Agricultural 

research Center (McARC) in randomized complete block design (RCBD) in three replications. The 

prepared experimental land was divided into three blocks which totally contain about 12 plots with each 

plot size of 4m *3.5m(13.5m2) areas.  The plant materials were planted using vegetative root split method. 

The space between plant, plot and replication were 40 cm, 50 cm and 75 cm, respectively. Inorganic 

fertilizer of 100kg/ha of NPS and 50Kg/ha of urea were applied during the establishment. 

 

Experimental management  

A total area of 232.5 m2 was prepared for this experiment. The experimental land was plowed in February 

and harrowed in June, 2017.Planting materials of Brachiaria grass genotypes were collected from 

Debrezeite Agricultural Research Center, Bishoftu, Ethiopia, and were planted using vegetative root splits 

in rows. The spacing between rows and plants were 40 and 15 cm, respectively. Land preparation, plant 

splitting, weeding, and harvesting were done according to the recommendations made by Nguku et al. 

(2016). DAP and urea fertilizer were applied at planting and after establishment, respectively at the rate of 

100 and 50 kg/ha for establishment and 25kg/ha for maintenance. Weeding and related management 

practices were applied according to the grass’s requirements. 

 

Data collection:  
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The collected data for the trial were regeneration percentage, plot cover, stand vigor, leaf: stem ratio, 

herbage yield, and dry matter yield. The samples dried overnight in an oven at 105°C to evaluate dry 

matter yield. 

 

Statistical analysis 

All data were analyzed using General Linear Model (GLM) procedure of SAS version 9.0 software. The 

mean separation was carried out using least significance difference (LSD) test at 0.05alphalevels. The 

statistical model was:  

Yijk= µ + Aj + Bi + eijk 

 

Where; Yijk= response of variable under examination 

µ = overall mean 

Aj = the jth factor effect of treatment/ lines 

Bi = the ith factor effect of block/ replication  

eijk = the random error 

 

Results and Discussion 

 

Performance of Brachiaria grass genotype 

The performances of Brachiaria grass genotype were shown in table 1. The result indicated that the tested 

genotypes were varied significantly (P<0.05) on regeneration percentages. The highest regeneration 

percentages were recorded from Brachiaria muticaDzf No 18659 (Dzf 483) (100%) followed by 

Brachiaria mutica 6964 Dzf No 484 (98.33%) genotypes. In contrast, the lowest regeneration percentage 

was recorded from Brachiaria mulat grass (93.3%).  

The result of plot cover showed significance difference (P<0.05) among Brachiaria grass genotypes. This 

result indicated that the potential adaptability and productivity of genotypes were different. The rapid and 

high potential of plot cover were recorded from Brachiaria mutica 6964 Dzf No 484 (93.33%) and 

Brachiaria decumbence Dzf No 194 (93.33%) genotypes. This result is good indication for adaptability of 

Brachiaria  grass in environment with similar soil and rainfall to the study area. Clara (2013) reported that 

ground cover is an important attribute of any vegetation, especially in relation to soil and water 

conservation and his findings support this study. Ground cover is also an important parameter in 

restoration of degraded areas, where moisture is the main limiting factor. 

 The result indicated that the tested genotypes highly varied significantly (P<0.01) in terms of plant 

height. The highest plant height was recorded from Brachiariamutica 6964 Dzf No 484 (157.33cm) 

genotype whereas the lowest plant height was recorded from Brachiaria decumbence Dzf No 194 

(132.67cm) genotypes. This result is higher than Clara (2013) who reported that 91cm height for 

Bracharia hybrid (Mulat II) in Kenya and 50 -70 cm and also than a report from Northern Ethiopian 

(Wassie et al., 2017). However, this result is comparable with Duncan et al. (2018) who report that CIAT 

679 Bracharia  ecotypes were recorded 154.4 cm  and with Amorim (2014) who described that plant of B. 

brizanthacv. Xaraes can grow up to a height of 1.50m. 

 

 The analysis of variance for leaf to stem ratio in this study did not indicate statistically significant 

difference (P>0.05) among genotypes. However, the mean values of leaf to stem ratio were indicated 

numerically difference among genotypes. The highest leaf to stem ratio was recorded from Brachiaria 
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decumbence Dzf No 194 (0.65) genotype and the lowest value was recorded from Brachiaria mulat (0.5). 

However, this result was higher than (Aldava et al. (2017) who reported the leaf to stem ratio for 

Brachiaria brizanthais 0.4 in Mexico.  

The fresh biomass yield (t/ha) result did not show statistically significant difference (P>0.05) among 

genotypes; however, numerically recorded difference value among genotypes.  Numerically the highest 

least square mean value was recorded from Brachiaria mulat (45.8 t/ha) which is followed by Brachiaria 

mutica 6964 Dzf No 484 (40.51 t/ha) genotypes.  This much yield of fresh biomass production used as a 

discriminator of drought tolerant and unsusceptible genotypes for disease and adaptability to the area. Dry 

matter yield (t/ha) was significantly different (P<0.05) among the genotypes. Variations in dry matter 

yield production across the genotypes could be attributed to differences in growth rates and growth habits, 

which are mediated through the genotypic and phenotypic differences. The highest mean value of dry 

matter yield was recorded in Brachiaria muticaDzf No 18659 (Dzf 483) (15.84 t/ha) and followed by 

Brachiaria decumbence Dzf No 194 (14.84 t/ha) genotypes. However, this result is lower than Wassie et 

al. (2017) who reported that37.75 t/ha from Eth. 13809 Brachiaria cultivars in Northern Ethiopia. 

 

Table: Agronomic performance of Brachiaria genotypes at Mechara on station  

Treatment   R % PC % SV % PH (cm) LSR BM 

(t/ha) 

DMY(t/ha) 

Brachiaria muticaDzf No 

18659 (Dzf 483) 

100a 90.89 2 151ab 0.51 32.33 14.84ab 

Brachiaria decumbence 

Dzf No 194 

95.33bc 93.33 1.67 132.67bc 0.65 40.51 10.16b 

Brachiaria mutica 6964 

Dzf No 484 

98.33ab 93.33 1.67 157.33a 0.52 30.55 15.84a 

Brachiaria mulat 93.33c 87.22 2 116.33c 0.5 45.8 14.77ab 

Mean  96.25 91.31 1.83 139.33 0.55 37.3 13.9 

CV % 2 8.15 59.61 7.64 22.86 25.12 12.14 

LSD  3.2 12.88 2.18 21.26 0.25 18.72 2.92 

R2 0.99 0.72 0.07 0.85 0.34 0.48 0.79 

R%= Regeneration percentage, PC%= Plot coverage percentage, SV%= Stand vigor, PH (cm) = Plant 

height in cent meter, LSR= Leaf to stem ratio, BM (t/ha) = Biomass tone per hector, DMY (t/ha) = Dry 

matter Yield tone per hector  

 

Performance of Brachiaria Grass genotypes  

 

Regeneration capacity: 

Regeneration capacities during first and second harvesting seasons of the four Brachiaria grass genotypes 

are shown in fig 1, which indicated that the first and second harvesting had almost similar regeneration 

performance. This implied that establishing Brachiaria grass through root splinting resulted in rapid and 

good regeneration with even equal within regeneration from cutting cycle.    
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Figure1. Regeneration (%) of Brachiaria grass genotypes 

 

Plot cover percentage:  

Plot cover during first and second harvesting seasons of four Brachiaria grass genotypes are shown in fig 

2.The result in this figure indicated that the first and second harvesting season had approximate similar 

plot coverage. Establishing, Brachiaria grass through root splinting had rapid regeneration and covers the 

plot.  During the second harvesting season, all genotypes cover all plots and developed tillers. 

 
Figure 2. Plot cover (% of Brachiaria grass genotypes 

 

Plant height:  

Plant height during first and second harvesting seasons of the four Brachiaria grass is shown on fig 3. 

According to figure indicated, the second harvesting had higher plant height than first one. This might 

happened due to the rapidly growing behavior of crop before half lifetime. During the first (141 and 109 

cm) and second (157 and 151 cm) plant height were produced from the lines Brachiaria muticaDzf No 

18659 (Dzf 483)and Brachiaria mutica 6964 Dzf No 484, respectively. 
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Figure3. Plant height (cm) of Brachiaria grass genotypes 

 

Biomass yield:  

The average of biomass (herbage) yields in first and second harvesting seasons are shown in fig 4. The 

greater biomass yield (t/ha) was produced at the second harvesting cycle than the first cycle. This result 

was obtained due to tiller number increased up to optimum growth of plant tissue; however, gradually the 

morphological performance decreased. The finding was supported by Genet et al. (2017) who reported 

that the mean tiller number per plant of Desho grass. 

 
Fig.4: Biomass yield (t/ha) of Brachiaria grass genotypes 

 

Conclusions and Recommendations  

Brachiaria grass is promising tropical forage of African origin with desirable attributes such as good 

palatability and nutritional values that has a potential to support vibrant dairy and beef cattle industries. In 

West Hararghe  zone, low access to improved forage grasses, poor extension services on livestock 

forages, and feed scarcity are the major constraints in livestock production. This study was aimed to 
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evaluate performance of Bracharial genotypes and select best adaptable, high herbage yield among the 

four genotypes. Planting materials of Brachiaria genotypes used in this study were Brachiaria muticaDzf 

No 18659 (Dzf 483), Brachiaria decumbence Dzf No 194, Brachiaria mutica 6964 Dzf No 484, and 

Brachiaria mulat. The result revealed that percentage of regeneration capacity; plant height and dry matter 

yield varied among the genotypes. In contrast, percentage of plot coverage, stand vigor, leaf to steam 

ration and green biomass yield were similar for the genotypes.  The highest mean value of dry matter 

yield were recorded form Brachiaria decumbence Dzf No 194 followed by Brachiaria muticaDzf No 

18659 (Dzf 483) genotypes. Thus, among the tested grass genotypes Brachiaria decumbence Dzf No 194 

followed by Brachiaria muticaDzf No 18659 (Dzf 483) showed outstanding potential as a forage plant in 

the study area and hence could be used in similar agro-ecologies. Based on this conclusion the following 

scopes for future research were recommended: 

1. Selected Brachiaria grass genotypes should be further demonstrated and scaled-up at Mechara area 

and west Hararghe areas with similar agro-ecologies. 

2. Investigate chemical composition difference among genotypes in the study area.  

3. Test the lines at different agro ecology of west Hararghe. 
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ABSTRACT 

 

This experiment was undertaken on- station at Mechara Agricultural Research center for two consecutive 

cropping seasons of2016 and 2017. The aim of the study was to identify the best adaptable and high 

biomass yielder of Elephant grass (Pennisetum purpureum) cultivars for fodder production in study area. 

The cultivars evaluated were ILRI #*16798, ILRI #*16800, ILRI #*16801, ILRI #*16840*, ILRI #*16787 

and local check in a Randomized Complete Block Design (RCBD) with three replications. The result of 

the study revealed that percentage of plot cover, biomass yield, number of leaf per plant, plant aspect, dry 

matter yield and number of node per plant showed significant difference  (P<0.05) among the cultivars. 

However, regeneration percentage, leaf to stem ratio, plant height and number of tiller per plant did not 

show significant difference (P>0.05) among the cultivars. The highest dry matter yield was obtained from 

ILRI#16800 (31.17 t/ha) followed by ILRI#16840 (30.04 t/ha) and local (27.27 t/ha). The highest green 

biomass yield was also produced from ILRI#16800 (163.17 t/ha) followed by ILRI#16840 (157.3 t/ha) 

and local (143.17 t/ha). The dry matter yield was positively correlation with agronomic parameters in 

this study. Based on the study result, #16800 and ILRI#16840 genotypes were well adapted and 

performed under Mechara condition. From the overall results, #16800 and ILRI#16840 genotypes were 

recommended for further demonstration and scaling-up for Mechara and Western Hararghe areas with 

similar agro-ecologies. 

 

Key Words: Cultivar, Dry matter yield, Elephant grass, Hararghe, Leaf to stem ratio 

 

INTRODUCTION 

 

Livestock production is an integral part of subsistence crop-livestock mixed farming systems of Ethiopia. 

Despite having a largest livestock population in Africa (Central Statistical Agency, 2016), the 

productivity of livestock is low in Ethiopia. The major constraint that influences productivity of livestock 

is shortage of both quality and quality of feed resource, which provide inadequate protein, energy, 

vitamins and minerals (Tegegne and Assefa, 2010; Yayneshet, 2010).  To combat the existing livestock 

feed shortage, one option is to adapt and popularized improved animal forage plants which has high 

quality and produce high biomass that grow with low inputs and suitable to agro-ecological conditions 

(Anele et al., 2009).  Because, forages production is essential in animal production systems, in fact, it is 

known as a cost effective feed rather than commercial concentrate. The substitution of forage to 

concentrate from 30 to 70% in dairy cattle diet could reduce up to 30% cost of production (Sanh et al., 

2002). 
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Napier grass is a C4 type tropical grass and commonly used as ruminant feedstuff and  continuous supply 

to animals during feed shortage as well preserving the quality of the grasses due to its promising yield 

(Zailanet al ., 2018). It is an adapted, vigorous, highly productive and withstands considerable periods of 

drought. Napier grass yielded from 9 to 12 tons of dry matter (DMY) ha-1 cut-1with cumulative mean of 

more than 20 tons ha-1 yr-1(Ahmed et al., 2012; Munyasi et al., 2015). In West Hararghe zone, low access 

to improved forage grasses, poor extension services on livestock forages, and feed scarcity are the major 

constraints in livestock production. Despite of this, livestock fattening (oxen and goat) practices, dairy 

cattle production and goat production are the major livestock production systems found in the area. Cut 

and carry system is one of the feeding system found in the area due to absence of grazing land and land 

shortage in the area. The farmers use industrial by product, crop residues, local grasses, and natural 

pasture to feed their livestock in the area (Estefanos et al., 2014).  

 

Mostly farmers of the western Hararghe establish Napier grass on soil bund, roadside and in their arable 

land. This enthusiasm of farmers was very inspiring; however, the grass was adapted years ago. 

Therefore, the quality was segregated and some farmers claim as if elephant grass is decreasing soil 

fertility of their land. However, in reality Napier grass is characterized resistance to drought due to its 

ability to uptake water from soil; therefore, it needs cutting interval and addition of fertilizer for 

maintenance and rotate the crop every five year. Some farmers also found local grass from school 

compound, religious institutions, and communal lands through purchasing. However, these pastures were 

low in quality and quantities due to the crops were not improved. Therefore, this experiment was design 

to select the best adaptable, high biomass and nutritive values of five accessions and one local variety 

under rain feed condition. 

 

MATERIALS AND METHODS 

 

Description of study area:  

The study was conducted in Mechara Agricultural Research Center (McARC), which is found at 40°19’N 

and latitude and 08°35’E longitude with an altitude of 1,700 meters above sea level. It is located  at 434 

km east of Addis Ababa in DaroLabu district, West Hararghe zone of East Ethiopian. The major soil type 

of the center is sandy loam with reddish color. The ambient temperature of center ranges from 14 to 26oC 

with the average of 16oC with average annual rainfall of 960 mm/year (McARC, 2017).   

 
Figure 1. Map of study area (Source: Own computational GIS data) 
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Experimental Materials and Experimental Design 

The experiment was conducted in 2016 and 2017 cropping seasons. Five Napier (Pennisetum purpureum) 

grasses were brought from Bako Agricultural Research center, western Oromia and planted at Mechara 

Agricultural Research center, Eastern Oromia,  with one local check of Napier grass for performance and 

adaptability evaluation. The Napier grass cultivars were ILRI#*16798, ILRI #*16800, ILRI #*16801, 

ILRI #*16840*, ILRI #*16787 and local check. These experimental materials were arranged in 

Randomized Complete Block Design (RCBD) with three replications.  Local check was the widely 

adopted under farmers’ conditions and used as a control to compare performance of cultivars in the study 

area.  A single plot of 3m x 4.5m (13.5m2) was containing four rows, 1m apart between replication and 

0.5m between plots and plants. 

 

Land preparation and planting: 

A total area of 324.5 m2 was prepared for this experiment. The land was ploughed in February and 

harrowed in June 2016. The prepared experimental land was divided into three blocks, which totally 

consisted of eighteen (18) plots, each with plot measuring of 13.5m2 areas. The cultivars were planted 

using vegetative cutting methods in 4 rows on a well-prepared soil.  To plant the materials uniformly cut 

parts were buried in soil at up to 15-20cm depth at an angle of 45°.The spacing between rows and plants 

were 1m and 0.5m, respectively. Land preparation, planting, weeding, and harvesting were done 

according to the requirement of crops. DAP and urea were applied at planting and after establishment, 

respectively at the rate of 100 and 50 kg/ha for establishment and 25kg/ha for maintenance. Weeding and 

related management practices were applied manually according to the grass’ requirements. 

 

Data collection:  

The collected data including regeneration percentage, plot cover, plant aspect (stand vigor), leaf to stem 

ratio, herbage yield, tiller number and dry matter yield were collected. To evaluate dry matter yield was 

measured after drying the samples in an oven at 105°C for overnight. 

 

Statistical analysis 

All data were analyzed using General Linear Model (GLM) procedure of SAS version 9.0 . The mean 

separation was carried out using least significance difference (LSD) test at 0.05 alpha levels. The 

statistical model was: Yijk= µ + Aj + Bi + eijk 

 

Where; Yijk= response of variable under examination 

µ = overall mean 

Aj= the jth factor effect of treatment/ lines 

Bi = the ith factor effect of block/ replication  

eijk = the random error 

 

RESULTS AND DISCUSSION 

 

Performance of Elephant grass  

The performances of Elephant grass at Mechara research station are presented in table 1. The regeneration 

percentages were not significantly different (P>0.05) among Elephant grass cultivars. This indicated that 
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the environment was suitable for all genotypes and had ability to adapt in wide range of agro ecology. 

This result was supported by Jones et al. (2018) who reported that Elephant grass is a native plant species 

in the tropics; because, it is highly adapted to different ecological and environmental conditions. The 

result indicated that there was strongly significant difference (P<0.01) on green biomass yield per hectare 

among six study Elephant grass cultivars. This difference indicated the genotypes potential for green 

fodder production among cultivars. The highest green biomass yield was recorded from ILRI#16800 

(163.17 t/ha), followed by ILRI#16840 (157.3 t/ha) and local (143.17 t/ha).  

 

The list square mean for number of leaf per plant showed significant difference (P<0.05) among the study 

Elephant grass cultivars considered in this experiment. The highest number of leaf per plant were 

recorded form ILRI#16800 (12.73) and ILRI#16798 (12.73) followed by ILRI#16840 (12.33).The results 

on  mean values for number of leaf per plant  were lower than Rambau et al. (2016) who reported mean 

value  for Napier grass at different stage of maturity (early 70.6,  88.9 intermediate, 104.5 late mature) . 

The analysis of variance did not indicate significant dereference (P>0.05) for leaf to stem ratio among 

elephant grass cultivars. The highest mean of leaf to stem ratio was produced from ILRI#16787 (0.88) 

followed by LRI#16800 (0.79) and ILRI#16840 (0.67). In the present study, the LSR ranging from 0.57 

(ILRI#16801) to 0.88 (ILRI#16787)  were different from the range of ratios reported byDeribe et al. 

(2017) who reported that 0.31 to 1.01 as well as Elkana et al. (2010) who reported that 1.7 to 3.1 which 

might be attributable to varietal differences of Elephant grass. 

The analysis of variance did not show significant difference (P>0.5) for plant height among cultivars. The 

highest plant height was recorded from ILRI#16840 (106 cm) followed by ILRI#16801 (102 cm). In 

contrast, lowest plant height was recorded inILRI#16787 (84 cm).This current result was comparable with 

Gezahagn et al. (2016) who reported different mean value of Napier grass height at different 

location/agro-ecology of Areka (106.67cm), Holota (96.3cm), Adami Tulu (110.75cm).  

 

The ANOVA table indicated that there was no significant difference (P>0.05) in plant aspect among the 

cultivars evaluated in this trial. Plant aspect is including uniformity, vigorous, stand count and 

performances of crops. This all parameters depend on genetic makeup and external factors/management 

practices. The least square mean value for number of tiller per plant among cultivars did not show 

statistically significant difference (P>0.05). Similarly, Rambau et al. (2016) report that number of tillers 

and leaves per plant did not show significant difference (P >0.05) on different Napier grass genotypes. 

These numbers of tiller per plant obtained from current trail was lower than Tessema (2008) who reported 

highest number tiller per plant from Napier grass (62.3). This difference might be due to plant density, 

age harvesting and genotypes difference. The number of leaves per plant and number of tillers per plant is 

increased with maturity of the grass (Rambau et al., 2016). 

 

The least square mean value of Dry matter yield showed highly significant difference (P<0.01) among 

Elephant grass cultivars considered in this experiment. This dry matter yield variation might be based on 

genetic makeup of the crops.  The highest dry matter yield was obtained from ILRI#16800 (31.17 t/ha) 

followed by ILRI#16840 (30.04 t/ha) and local (27.27 t/ha). In this study, dry matter yield was higher 

than Diriba and Adugna (2013) who reported11.04 to 14.71 t/ha of herbage dry matter yield under sub 

humid climatic conditions of Ethiopia.  This differential result was supported by Rengsirikul et al. (2013) 

and Utamy et al. (2011) who reported the performance and yield of Napier grass is heavily influenced by 

agro-ecology, climatic conditions, management practices and other edaphic factors. According to Kebede 
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et al. (2016), the most significant factor affecting DM production of Napier grass is the environment, 

followed by genotype by environment interactions and then the genotype. 

 

Table 1: performance of Napier grass at Mechara research station   

Treatment  R% PC% BMt/ha NLPP LSR PH PA NTPP DMY NNPP 

ILRI#16840 90.67 90.67ab 157.3ab 12.33a 0.67 106a 2abc 27.8ab 30.04ab 15.33c 

ILRI#16798 55.95 88.33b 104.8d 12.73a 0.62 101ab 1.67bcd 26.2ab 20.02d 18.67b 

ILRI#16801 51.24 97a 133.77bc 14a 0.57 102ab 1d 32.47ab 25.55bc 22.33a 

Local 58.33 75c 143.17cd 12.43a 0.64 98.33ab 2.33ab 22.27b 27.35abc 16.33bc 

ILRI#16787 45.25 78.33c 120.47cd 10.07b 0.88 84b 2.67a 37.4a 23.01cd 14c 

ILRI#16800 54.77 93ab 163.17a 12.73a 0.79 101ab 1.33cd 26.6ab 31.17a 19b 

Mean  50.8 87.06 137.11 12.47 0.7 98.72 1.83 28.79 26.19 17.61 

CV% 33.71 5.3 9.95 7.67 29.83 11.2 26.35 22.66 9.95 8.78 

LSD 31.16 8.39 24.81 1.74 0.38 20 0.84 11.87 4.74 2.82 

Sing. 0.74 0.001 0.003 0.01 0.5 0.29 0.015 0.16 0.003 0.0007 

*=significance difference at 0.05, **= significance difference at 0.01, ***= significance difference at 0.0001, R= 

Regeneration percentage, PC%= Plot cover percentage, NLPP= Number of leaf per plant, LSR= Leaf to stem ratio, 

Ph = Plant height, PA= plant height, NTPP= Number of tillers per plant, DMY= Dry matter yield, NNPP= Number 

of node per plant 

 

Performance of Six Elephant grass Cultivars during first and second harvesting seasons 

 

Biomass production:  

The average biomass (herbage) yields during first and second year harvesting seasons are shown in fig 2, 

which indicated that almost all cultivars produced high fresh biomass during second harvesting season 

than the first one.  The highest fresh biomass production during this study periods was obtained from 

ILRI#1640 and followed by ILRI#16800 cultivars. In contrast, lowest fresh biomass was produced by 

ILRI#16798 cultivar. This fresh biomass production difference might be due to genetic potential and 

adaptability of genotypes to location/ecology.  

 
Figure 2: Fresh biomass production of Elephant grass cultivars. 

 

Number of leaf per plant:  

The average number of leaf per plant among cultivars was presented in figure 3, which indicated that the 

second harvesting season was recorded higher number of leaf per plant from all Elephant grass cultivars 
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used in the experiment.  The highest number of leaf per plant during experimental periods was recorded 

from ILRI# 16801 (14 and 14.87 for the first and the second harvesting seasons, respectively).  

 
Figure 3: Number of leaf per of Elephant grass cultivars 

 

Plant height:  

The mean value of plant height among cultivars is presented in figure 4 where there were no more 

different mean values among the first and the second harvesting season. This might be due to harvested at 

the same stage of maturity. However, the highest plant height was produced by ILRI # 16840 and ILRI # 

16800 cultivars.  

 
Figure 4: Plant height (cm) of Elephant grass cultivars  

 

Leaf to stem ratio:  

The mean values of stem to leaf ratio among Napier grass cultivars are presented in figure 5. During the 

first and the second harvest the leaf to stem ratio of ILRI # 16840 and ILRI # lines were 0.7; 0.67 and 

0.87; 0.79, respectively. Relatively, this result is comparable to Tessema (2008) who reported that 0.94, 

0.95 and 0.90 from different population of Napier grass at Haramaya University, Ethiopia.  
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Figure 5: Leaf to stem ratio of Elephant grass cultivars  

 

Number of tiller per plant:  

The mean values of tiller number per plant among cultivars are presented in figure 6. As the result 

obtained from all Elephant grass cultivars indicated, the number of tiller per plant increased from the first 

to the second harvesting season. This might be due to the nature of perennial crops, which produce more 

tillers and high vegetative growth up to half life time. This idea is supported by Tessema (2005) and 

Ndikumana (1996) who tested on different Napier grass accessions in the north western parts of Ethiopia 

and many African countries, respectively. 

 
Figure 6: Tiller number of Elephant grass cultivars 

 

Correlation of Napier grass agronomic parameters  

The correlation of agronomic attribute with dry matter yield is presented in table 2. Nonetheless, dry 

matter yield is a more meaningful way of comparing fodder yield.  From the study, Pearson’s correlation 

coefficients of dry matter yield were indicated significant difference (P<0.001; r=1) within biomass 

yields. The analysis result of regeneration percentage, number of leaf per plant, leaf to stem ratio, plant 

height, plant aspect, number of tiller per plant showed weak correlation coefficient with dry matter. Dry 

matter yield positively correlated with regeneration percentage, biomass yield, number of yield per plant 

and plant height, while negatively correlated with leaf to steam ratio, plant aspect and number of tiller per 

plant.  

 

Table 2: Correlation between agronomic components of Elephant grass cultivars 00 
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R 1        

BY 0.19 1       

LNP 0.11 0.16 1      

LSR 0.03 0.08 0.52* 1     

Ph -0.3 0.18 0.58** -0.65** 1    

PA -0.077 -0.16 -0.64** 0.32 -0.47* 1   

TNPP -0.54* -0.28 -0.17 0.22 -0.16 0.25 1  

DMY 0.19 1*** 0.16 -0.03 0.18 -0.16 -0.28 1 

*=significance difference at 0.05, **= significance difference at 0.01, ***= significance difference at 

0.0001, R= Regeneration, BY= Biomass yield, NLPP= Number of leaf per plant, LSR= Leaf to stem ratio, 

Ph = Plant height, PA= plant aspect, NTPP= Number of tillers per plant, DMY= Dry matter yield  

 

Conclusion and Recommendation  

The plot cover, biomass yield, leaf number per plant, plant aspect and dry matter yield were affected by 

deferent Elephant grass cultivars. However, regeneration percentage, plant height, leaf to stem ration and 

number of tiller were not affected by Elephant grass cultivars. In general, dry matter yield had positive 

correlation with agronomic parameters. Among the cultivars, ILRI#16800 and ILRI#16840 performed 

well, produced fresher biomass yield, higher number of leaf per plant, leaf to stem ratio and dry matter 

yield. Hence, it is concluded that the  cultivars  of ILRI#16800 and ILRI#16840 were found promising to 

be scaled up or /out along with the previously adapted local Elephant  grasses  for small holder household 

under similar climatic conditions within  Mechara  Agricultural  Research Center in  future demonstration 

and up-scaling as animal feed sources and land rehabilitation purpose. These selected Elephant grass 

cultivars were recommended to be further demonstrated and scaled-up/out at Mechara on-farm condition 

and similar agro-ecologies of Hararghe areas. 
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Abstract  

 

Rangelands in southern Ethiopia have been undergoing a rapid vegetation change from herbaceous to 

woody plant dominated vegetation structure since the past few decades, reducing rangeland biodiversity 

and ecosystem services, which in turn led to feed insecurity, and further threatening livelihoods of 

pastoralists in Borana rangelands. Despite significant rangeland management implications, 

quantification of spatial encroachment extent and transitional pathways that result in encroachment 

remain largely under‐explored. This paper developed a spatial and temporary based approach to map 

land use and land cover changes in Borana rangeland, southern Ethiopia, and examined land 

classification of different land use type. This study identified eight land use classifications,  namely,  

degraded land, Bush land, Cultivated land, Settlement, Forest land, Grassland, Wood land, Water body. 

The results indicated that in 2017 about 70.2% of Borana rangeland is covered by encroaching species. 

Further, the result indicated that four land use types (degraded land, bush land, cultivated land and 

settlement) increased while wood land, forest land, grassland and water body decreased in study years 

considered. Generally, the rangeland healthy  that generate means of livelihoods for pastoralists has 

been  rapidly decreasing in Borana rangelands. 

 

Key words: Bush encroachment, Spatial-temporal,  land use and land cover change 

 

Introduction  

 

Rangelands cover over 41% of the terrestrial land surface and provide more than one trillion USD in 

ecosystem services to 36% of the global population (FAO, 2001). However, woody plant proliferation, 

commonly known as bush encroachment, has been a growing concern for rangeland biodiversity and 

ecosystem services globally (Anadón, Sala, Turner, & Bennett, 2014). 

Bush encroachment substantially suppresses the growth of high‐value herbaceous forage species in the 

understory, reduces indigenous plant biodiversity, and alters rangeland ecosystem functions and services 

(Rundel, Dickie, & Richardson, 2014; Scholes & Archer, 1997). Internationally, the problem of land 

degradation resulting from bush encroachment and overgrazing has been increasing both in terms of total 

land area and severity of degradation (Gillson et al., 2012). The increase of bush cover suppresses the 

productivity of herbaceous plant species (Ward, 2005) and negatively affects the use of rangelands and 

conservation of biodiversity (Scrape, 1990a; Wigley et al., 2010) and eventually reduces their carrying 

capacity (Wiegand et al., 2006) resulting in feed shortage for the grazing and browsing animals around 

the world. In Africa, most rangeland degradation, including bush encroachment, is associated with high 

cattle density around the boreholes and kraals (van Vegten 1981; Moleele and Perkins, 1998). Likewise, 

mailto:jdliban2009@gmail.com
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rangelands in southern Ethiopia have been undergoing a rapid vegetation change from herbaceous to 

woody plant dominance since many years and reducing rangeland biodiversity, altering ecosystem 

function, and threatening subsistence pastoral livelihoods (Chuan Liao, 2018). 

 Bush encroachment threatens the livestock production and livelihood of pastoral communities (Kraaij 

and Ward, 2006; Angassa and Oba, 2008). Therefore, the increase in woody plants cover in savanna 

ecosystems is an indication that the rangelands are under degradation (Oba et al., 2000).  The cause of 

bush encroachment in Africa’s rangelands could be rainfall variability, soil properties, absence of fire, 

overgrazing and policy (Mogotsi, 2013). 

 

In the Borana Zone of southern Ethiopia, bush encroachment has been intensifying over the past decades, 

and has become a serious threat to both rangeland health and the livelihoods of millions of pastoralists 

(Angassa, 2014; Coppock, 2016). Bush encroachment is a silent killer of our Pastoralism and associated 

sectors, substantially suppressing our economy. Bush encroachment severely restricts profitability of 

cattle production. It is slowly suffocating our productive land, sucking our soils dry and driving out our 

ecological diversity. However, our poor spatial-temporal understanding of the extent and dynamics of 

bush encroachment in Borana continues to limit the effectiveness of rangeland management in the entire 

zone. Without a better spatial-temporal understanding of the encroachment dynamics appropriate 

rangeland management and encroachment mitigation methods would not be achieved. If spatial-temporal 

data is generated it can augment the endeavors and help to device appropriate policies and strategies for a 

sustainable use of rangeland resources. Therefore, filling this spatial-temporal information gap is, 

consequently, both crucial but long overdue. Hence, the goal of this study was to provide pastoralists, 

rangeland managers, and policy makers with spatial-temporal analysis of the Borana rangeland for trend 

and potential rangeland vegetation status, which will then contribute to future management options in the 

face of the encroachment. 

 

Objectives  

 To  identify  land use classes in Borana rangelands 

  To analyze trend of  land use and  land cover change  of  Borana  rangelands  

 

Materials  and methods  

 

Study  area  

This study was conducted in the Borana Zone (~44,000 km2) of southern Ethiopia (Figure 1). Its altitude 

ranges from 500 to 2,500 m above sea level. Terrain varies from flat, dry river and lake beds in the 

lowlands to steep hill slopes in the highlands. Climate is largely semi‐arid with relatively cool annual 

temperatures (19–24°C) for this tropical setting. Mean annual rainfall ranges from 300 mm in the arid to 

1,000 mm in Semi-arid. Rainfall distribution is bimodal, with 60% in the primary rainy season (mid 

March–May) and 30% in the secondary rainy season (mid September–November). In between the rainy 

seasons are hot dry season (December–February) and cool dry season (June to August). Generally, annual 

precipitation is positively correlated with elevation (Coppock, 1994). 
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Figure 1:  Geographic location and topography of the Borana Zone in southern Ethiopia 

 

Methodology  

Digital image processing techniques were carried out for Landsat (TM 1984, ETM+ 2000 and OLI 2016) 

images.  Radiometric correction, Geometric correction, image enhancement and color composites were 

applied to increase the interpretability of the images. Moreover, mosaic king operation was executed to 

combine images downloaded from a total of 7 path and Raw (Table 1). Image classification process 

followed two sequential steps i.e. training and classification of images data based on spectral patterns in 

the image data. The supervised image classification with the Maximum Likelihood Classifier (MLC) 

algorithm was applied to produce a thematic Land-use and Land-cover (LULC) map (30m x 30m spatial 

resolution) of the study area in ERDAS Imagine 2015 software. The accuracy of the result was assessed 

using ground truth data collected from stratified field and high-resolution Google Earth image. 

Classification accuracy was assessed through user’s, producer’s overall accuracy and Kappa (K^) 

statistics.  
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Figure 2: Methods of data analysis 

 

Result and Discussion 

The result of the present study exhibited different land use and land cover change during the study period 

(1984, 2000 and 2016) that indicated change of land use and cover trend of use and vegetation change in 

Borana rangelands.  Eight land use categories were recorded during the study. The result demonstrated 

that four land use types (bare land, bush land, cultivate land and settlement) showed increasing trend , 

while other land use types (forestry, grass land, water body and woody land) decreased during the study 

period. Bush encroachment significantly changed within study periods with 43.49 %, 66.7% and 70.02% 

in 1984, 2000 and 2016,   respectively.  According to Coppock (1994) the extent of bush encroachment 

was estimated at 40% and later Gemado (2006) stated that the bush cover increased to 52%, within almost 

a decade.  The previous spatial evaluations produced only aggregate and seemingly contradictory 

estimates of encroachment extent in Borana rangelands, i.e., about 40% of Borana rangelands were 

estimated as encroached in the 1980s (Coppock, 1994), over 70% in the late 1990s (Oba, Post, Syvertsen, 

& Stenseth, 2000) and  80% in  2013 (Chuan Liao, 2018).  The our study it is estimated to be 70.02 % ( 

tabes 1-4; and figure 3 and 4). 

 

Table 1:  Areas (ha) and proportion (%) of LULC in 1984, 2000 and 2016   

LULC types  1984 2000 2016 

Area(ha) % Area (ha) % Area(ha) % 
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Bare land  178,178.00 4.78 223,712.00 6.01 253,722.00 6.81 

 Bush land  1,619,821.23 43.49 2,484,028.89 66.70 2,607,840.00 70.02 

Cultivated land  621,117.00 16.68 567,369.00 15.23 679,763.00 18.25 

Forestry  145,064.00 3.90 28,630.90 0.77 15,412.40 0.41 

Grass land  697,363.00 18.73 44,162.80 1.19 12,311.31 0.33 

Settlement  427.50 0.01 1,475.55 0.04 4,360.46 0.12 

Water  140.40 0.004 90.99 0.002 59.94 0.00 

Wood land  462,122.00 12.41 374,763.00 10.06 150,764.00 4.05 

Total  3,724,233.22 100 3,724,233.22 100 3,724,233.22 100 

 

  
Figure 3 :Land use and Land cover of the study area: (a)1984, (b)2000 and (C2016). 

 

 
Figure 4: Bush cover and increment estimation  in Borana rangeland in  ( 1984, 2000 and 2016) 
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Figure 5 Vegetation classes and their spatial distribution in 2013. Dense scrubland and bush land dominated the 

landscape, accounting for over 80% of the entire zone , Source( Chuan Liao, 2018 

Figure 6 Area taken into cultivation from 1984 to 2014 and cumulated increase of agricultural area by 54 

farmers in Darito, Borana, Ethiopia ( (MGALULA, 2016) 
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Table 2: LULC change matrix (1984-2000) 

 

 
 

Table 3: LULC change matrix (2000-2016) 
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Table 4: LULC change matrix (1984-2016) 

 

Conclusion and Recommendation 

 

Our result demonstrate that the four  land use types with increasing  trend are degraded  land, settlement, 

bush land and cultivated land  while grass land, forest land and wood land were in   decreasing trend. The 

increasing and decreasing   of   land use caused by bush encroachment and land degradation has been 

reducing rangeland production, resulting in feed and food insecurity in Borana rangelands. Additionally, 

policy has given less attention to pastoralists’ land that made pastoralists’ livelihoods’ a gambling.  This 

study identified four main factors, namely, degraded land, bush land, settlement and cultivated land that 

threatened the rangeland environment and livelihoods of pastoralists in  Borana. We firmly recommend 

that there should be a clear policy for the appropriate rangeland use safeguarding the rangeland from 

inappropriate use. Subsequently, there should be strategies that also enforce the implementation of 

sustainable rangeland management for its resilience in the face of climate change. 
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Abstract 

 

 The study was conducted with the objective to identify adaptable, high biomass and seed yield of Cowpea 

genotypes. Three Cowpea genotypes Bole, 6786 and 2351 were tested in randomized complete block 

design (RCBD) with three replications. The result revealed that days to 50% flowering, days to seed 

maturity, plant height and seed yield was significantly (P<0.05) differ among treatments. Among the 

tested genotypes late matured was obtained from genotype 6786 (131) days while late genotype was 

obtained from 2351 (113 days). The highest value of plant height was measured from genotype 6786 

(132.8 cm) whereas the short plant height was obtained from genotype 2351 (64.8 cm). The highest seed 

yield was produced from Bole genotype (24.18 qt/ha) whereas the lowest seed yield was obtained from 

genotype 6786 (6.8 qt/ha). Chemical composition indicated genotype 2351 was the highest in total ash 

(TASHA) and neutral detergent fiber (NEFF) whereas less in crude protein (CP) genotype 6786 was the 

highest in crude protein (CP) while Bole variety had the highest in dry matter (DM), acid detergent lignin 

(ADL), acid detergent fiber (ADF) and organic matter (OM). The result of this study implied that 6786 

genotype was well adapted and being productive regarding the plant height (131.8 cm) and biomass yield 

(4.4 t/ha) which is hopeful to fill the gap of low quantity ruminant feed. In addition the nutritional values 

were promising particularly the crude protein (CP) in 6786 genotype. Thus it could be possible to 

conclude that cow pea genotype especially 6786 used as a protein supplement. Based on its adaptability, 

high biomass, plant height, good CP content 6786 genotype is recommended for further promotion in the 

midland of East Fuji zone and similar agro-ecologies 

 

Keywords: Cow pea; genotype; nutritive value 

 

INTRODUCTION 

 

Legumes are the most important forage plants that substantially improve the feed available for livestock 

as they can provide the essential protein for animals, improving soil fertility, food crop production and 

household nutrition through a more reliable supply of milk and meat (Akinlade et al 2005; Alemayehu 

1997). Cowpea (Vigna unguiculata (L.) is a leguminous crop grown throughout West Africa, often in 

association with pearl millet (Pennisetum glaucum L.) and sorghum (Sorghum bicolor L.). Cowpea is 

well adapted to the harsh growing conditions, including low soil fertility, high temperatures, and drought 

(Turk et al 1980). Cowpea can fix nitrogen to improve soil fertility and cropping system productivity. 

Additionally, farmers feed cowpea fodder to livestock to increase income, and collect the manure 

produced for use in their fields thereby reduces farmers’ reliance on commercial fertilizers and sustains 

soil fertility (Odeon et al 2007; Akin lade et al 2005).  
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Previous studies with cow pea (Gwanzura et al 2012; Akin lade et al 2005; Ebro et al 2004; Alemayehu 

1997) indicated this legume improves soil fertility and enhances the intake and utilization of poor quality 

roughage consequently improves livestock production and productivity. Another important feature of 

cowpea is also its ability to suppress weeds particularly Striga species (Dawit et al 2009). Therefore, this 

experiment was conducted with the objective to evaluate and identifying adaptive, high quality yielding 

cowpea genotypes in midland of Guji east Guji zone 

 

MATERIALS AND METHOD  

 

Description of the study area 

The experiment was carried out at Adola sub-site of Bore Agricultural Research Center, Adola district, 

Guji Zone of Oromia. Adola district is located around at a distance of 470 km from Addis Ababa and 120 

Km from the zonal capital city, Negele Borena. It is an area where a mixed farming and semi- nomadic 

economic activity takes place, which is the major livelihood of the local people. The total area of the 

district is 1254.56km2.  The district is situated at 5o44'10” - 6o12'38” N latitudes and 38o45'10” - 39o12'37” 

E longitudes. The district is characterized by three agro- climatic zones, namely highland 11%, mid-land 

29% and low-land 60% respectively. The major soil type of the district is nitosols (red basaltic soils) and 

orthic Acrosols (Yazachew and Kasahun, 2011). 

 

Experimental treatments and design   

The study was executed using Bole, 6786 and 2351 genotypes. The experiment was conducted in 

randomized complete block design with three replications. Seeds were sown in rows at spacing of 30 

cm with seed rate of 30 kg ha-1. Plot size of 1.8 m x 3 was used. NPS fertilizer at 100 kg ha-1 was 

uniformly applied for all treatments at sowing time 

 

Data collection Methods 

 Relevant data including days 50% flowering, days to seed maturity, plant height, seed yield and nutritive 

value were collected. Seed yield weight was calculated at 10% moisture content. Seed yield weight was 

calculated at 10% moisture content.  At 50% flowering stage the middle rows of each plot were harvested 

for dry matter herbage determination and chemical analysis. Plants were harvested at ground level and 

fresh biomass weighed immediately using a 0.1 g scale. Then, a sub-sample of 15-20% of the total weight 

was separated and put into a paper bag for dry matter herbage determination. The samples were oven 

dried at 105 0C for 24 hours. To determine grain yield, the pods were harvested from the rest rows at 

optimum physiological maturity by hand picking. 

 

Statistical analysis  

All collected data were analyzed using general linear model procedure SAS (SAS, 2002) version 9.1. 

Means were separated with least significant difference (LSD) at 5% significant level. The statistical 

model for the analysis data was: Yijk= µ + Aj + Bi + eijk  

Where; Yijk= response of variable under examination, µ = overall mean, Aj = the jth factor effect of 

treatment/ cultivar, Bi = the ith factor effect of block/ replication, eijk = the random error. 

 

Results and Discussions  
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Yield and yield components 

Mean value of agronomic and yield parameter of cow pea genotypes are shown in table 1. The analyzed 

result show that days to 50% flowering, days to maturity, plant height and seed yield was significantly 

(P<0.05) differ among treatments. Genotype 6786 attained early 50% flowering (72.8 days) followed by 

genotype 2351 (75.9 days) while genotype Bole late flowered (82.3 days) of 50% flowered as compared 

to other genotypes. Our results for days to 50% flowering were higher than reported by Cobbinah et al. 

(2011) ; Rao and Shahid (2011); Agza et al. (2012) and Solomon and kibrom (2014) possibly due to 

ecological and genetic differences. Early matured genotype was 2351 (113 days) followed by Bole 

genotypes (127.9 days) while late matured genotypes was obtained from 6786 (131 days) to set seed 

when compared to rest genotypes. Early maturity is a relatively important agronomic characteristic and is 

measured by such criteria as days to flowering or days to maturity (Singh and Rachie1985). Our results 

for days 50% flowering and maturity were highly higher than reported by Cobbinah et al (2011) who 

found average results of 39.5 and 51.6 days to reach 50% flowering and maturity for cow pea genotypes 

in Ghana, respectively. The result of current study for days to 50% flowering was higher  than reported by 

Agza et al (2012) and Rao and Shahid  (2011) who found average results of 63 and 63.7 days, 

respectively, possibly due to ecological and genetic differences. The highest plant height was measured 

from genotype 6786 (132.8 cm) followed by Bole genotype (66.8 cm) whereas the short plant height was 

obtained from genotype2351 (64.8 cm).  The highest seed yield was produced from Bole genotype (24.18 

qt/ha) followed by genotype 2351 (19 qt/ha) while the lowest seed yield was obtained from genotype 

6786 (6.8 qt/ha). Non-significant different to biomass yield, pod per plant and seed yield was observed 

between treatments at (P>0.05). However numerically had high yield was recorded among treatments. 

Highest biomass yield was produced from genotype 2351 (5.9 ton/ha) followed by genotype 6786 (4.4 

ton/ha) while the low biomass yield was obtained from Bole variety (3.7 ton/ha). The highest pod per 

plant was produce from genotype 6786 (12.7) followed by genotype 2351 (10.2) whereas the lowest pod 

per plant was obtained from Bole genotype (9.11). The highest pod length was obtained from 6786 

genotype (3.27 cm) followed by Bole genotype (2.9 cm) while the short pod length was obtained from 

genotype 2351 (1.7 cm).   

 

Table 1.Yield and yield attributes of cow pea genotype 

(a,b) Mean in a column within the same category having different superscripts differ (p<0.05) 

DF=flowering date, DM=maturity date, Ppp=Pod per plant,  PoL=Pod length centimeter, PH=plant 

height centimeter, BMY= fresh biomass yield tone per hectare, SY=grain yield, Cv=Coefficient of 

variation, LSD= Least significant difference. *=significant, ns=non significant 

 

Chemical Composition 

Varieties DsM Ppp PoL (cm) PH (cm) BMY (t/ha) SY(qt /ha) 

2351 113b 10.2 1.7 64.8b 5.9a 19ab 

6786 131.a 12.7 3.274 131.8a 4.4b 6.8b 

Bole 127.9a 9.11 2.9 66.8b 3.7b 24.2a 

Mean 124 10.7 2.6 87.7 4.7 16.6 

CV 9.9 69.9 80.6 23.7 30.5 96.6 

LSD (5%) * Ns ns * ns * 
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The analysis of chemical composition indicated that DM%, CP%, NDF%, ADL%, ADF%, TASH% and 

OM% was not significantly (P>0.05) differ among treatments. However numerically had high yield was 

recorded among treatments.  Genotype 2351 was highest in TASH and NDF while less in CP, genotype 

6786 was highest in CP whereas less in DM, NDF, ADL and OM, Bole variety had the high in DM, ADL, 

ADF and OM while less in TASH compared the rest treatments. The minimum CP content in ruminant 

diet should be around 6.0 - 8.0% of dry matter for adequate activity of rumen microorganism (Van Soest 

1994), suggesting that hay CP content in investigated cowpeas are more than twice needed rations. Based 

on its CP% content, Gwanzura et al (2012) suggested that cowpea has potential of being utilized as 

protein supplement for ruminants on low quality roughages. Akinlade et al (2005) realized that 

supplementation of dairy cows with cowpea hay stimulated the voluntary intake of maize stover which as 

a result could bring an increment in milk yield. Ebro et al (2004) revealed that legume supplementation is 

an appropriate option where protein sources such as oilseed cakes and those of animal origin are produced 

in limited quantities and are beyond the economic reach of most of the small holder farmers in Ethiopia. 

The mean CP content obtained in the present study was agreed with the reported by Agza et al (2012) and 

Ayana et al (2013) who reported that CP contents of cow pea were 20.33 and 23.9%, respectively. The 

maximum NDF content of diet that does not hinder production may be as high as 750 g/kg for mature 

beef cows and as low as 150 g/kg DM for growing or fattening ruminants (Barnes et al 1995). NDF and 

ADF contents determined in present study are higher than reported for genotypes of cowpea (Agza et al 

2012; Ayana et al 2013). This difference could be due to harvest time and duration of sample analyzed at 

laboratory. 

 

Table 2: Mean chemical composition of Cow pea genotypes. 

Varieties DM CP NDF ADL ADF TASH OM 

2351 90.3 22 82.4 9 35.9 13.7 76.5 

6786 89.2 27.4 67.1 7.5 37.3 12.8 76.4 

Bole 90.4 24.8 74.1 13.1 39 12.2 78.3 

Over all 

average 

89.9 24.7 74.5 9.8 34.7 12.9 77 

ADF = Acid Detergent Fiber; ADL = Acid Detergent Lignin; CP = Crude Protein; NDF = Neutral 

Detergent Fiber and OM = Organic Matter; TASH=Total Ash; DM=Dry matter 

 

Conclusions and Recommendation 

 

The result of this study indicated that genotype 6786 was well adapted and being productive regarding the 

plant height (131.8 cm) and biomass yield (4.4 t/ha) which is hopeful to fill the gap of low quantity 

ruminant feed supply of the community. In addition to the nutritional values were promising particularly 

the crude protein (CP) content in genotype 6786. Thus it could be possible to conclude that the cow pea 

genotype 6786 used as a protein supplement for midland of East Guji. Based up on its adaptability, high 

biomass, plant height and good CP of genotype 6786 is recommended for further promotion in the 

midland of East Guji zone and similar agro- ecologies 
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Abstract 

The study was conducted with the objective to identify adaptable, high biomass and seed yield of Lablab 

varieties. Three Lablab varieties Beresa-17, Gabis-55 and Local variety +were tested in randomized 

complete block design (RCBD) with three replications. The result revealed date of maturity was 

significantly (p<0.05) differ between the tested treatment. Among the tested verities Gabis-55 was took 

longer days (144 days) while the local varieties required the shortest days (129.2 days) to reach for seed 

maturity. Fresh biomass yield, seed yield, plant height, pod per plant and pod length were not 

significantly (p>0.05) differ among the tested verities. The highest value of plant height was measured 

from Gabis-55 (138 cm) variety were as, the shortest plant height was recorded from local variety. The 

highest biomass yields was recorded from Gabisa-55 variety 6.54 t/ha followed by local variety 5.16 t/ha 

while the lowest biomass yield of 4.22 t/ha obtained from Beresa-17 variety. Chemical composition 

indicated Beresa-17 variety had the highest in Organic matter (OM), crude protein (CP), neutral 

detergent fiber (NDF) and dry matter (DM) and less in acid detergent fiber (ADF), acid detergent lignin 

(ADL), and total ash content (TASH) content while Gabis-55 was highest in acid detergent lignin (ADL) 

and acid detergent fiber (ADF) and less in crude protein (CP) content. The local variety had the highest 

in neutral detergent fiber (NDF) and total ash content (TASH) and less in dry matter (DM) content than 

the rest varieties. The result of this study implied that Gais -55 variety was well adapted and being 

productive regarding the plant height, biomass yield and seed yield of each variety, which is hopeful to 

fill the gap of low quantity feed. In addition the nutritional values were promising particularly the crude 

protein (CP), Dry matter (DM) and Organic Matter (OM) content in Beresa-17 variety. Based on its 

adaptability, high biomass yield, high seed yield, good CP, DM and OM of Gais -55 is recommended for 

further promotion in the midland of East Guji zone. 

Keywords: Lablab, Nutritive value, Adola, Chemical composition 

 

Introduction 

 

In Ethiopia, like other sub-Saharan African countries, livestock production is the major component of the 

agriculture sector. However, their production is characterized by low productivity levels in terms of 

growth rate, meat production and reproductive performance. Among the multiple factors, under nutrition 

and malnutrition are considered to be the most important limiting factors constraining animal production 

in Ethiopia (Bekele, 2010). In almost all parts of Ethiopia, annual pasture grasses that are the main 

sources of feed (54.6%) for the ruminant populations grows during the main rainy seasons and thus 

decline in quantity and quality in less than half of the years. For most of the year, the animals rely on crop 

residue which contributed 31.6% of the total feed sources in the country (Tolera et al., 2000; Mengistu, 

2004; CSA, 2017). 
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Feed stuff of such composition, natural grass and crop residue, are insufficient to provide adequate 

quantity and quality of nutrient beyond maintenance requirement. Among other, tropical grasses are 

usually deficient in crude protein which is one of the most and costly part of ruminant ration (McDonald 

et al., 2002; Matiwos, 2007). Leguminous forage can potentially be considered for use as a plant protein 

supplement to offset limitations associated with low feed quality in systems where livestock are 

increasingly becoming dependent on low quality roughages (Umuna et al., 1995). To this effects, 

introduction, evaluation and recommendation of various improved forage legumes has been carried in the 

country so far.  However in Guji zone forage legumes were not evaluated. As a result there were 

shortages of improved varieties for their livestock feeding purpose. Therefore, this study was conducted 

to test/ evaluate lablab forage varieties as alternation plant protein sources. Lablab purpureus varieties 

were among forage legume evaluated both at on station and on farm level by Bore Agricultural Research 

Center to be used as alternative feed sources. Lablab purpureus is an annual or short-lived perennial 

fodder legume sown for grazing and conservation in tropical environments. It combines a great number of 

qualities that can be used successfully under varies conditions. Its first advantage is its adaptability, not 

only it is drought resistant, it is able to grow in diverse range of environmental conditions worldwide. 

Staying green during the dry season, it has been known to provide up to 6 tons of dry matter per hectare. 

Being palatable to livestock, it is adequate sources of much needed protein and can be utilized in several 

different ways (Murphy and Colucci, 1999).  Therefore, the present study was initiated with the objective 

to evaluate herbage dry matter production potential and nutritive value of L. purpures varieties and 

recommend the best performing for us as alternative livestock feed in study area.  

 

Materials and Method  

 

Description of the study area 

The experiment was carried out at Adola sub-site of Bore Agricultural Research Center, Adola district, 

Guji Zone of Oromia. Adola district is located around at a distance of 470 km from Addis Ababa and 120 

Km from the zonal capital city, Negele Borena. It is an area where a mixed farming and semi- nomadic 

economic activity takes place, which is the major livelihood of the local people. The total area of the 

district is 1254.56km2.  The district is situated at 5o44'10” - 6o12'38” N latitudes and 38o45'10” - 39o12'37” 

E longitudes. The district is characterized by three agro- climatic zones, namely highland 11%, mid-land 

29% and low-land 60% respectively. The major soil type of the district is nitosols (red basaltic soils) and 

orthic Acrosols (Yazachew and Kasahun, 2011). 

 

Experimental treatments and design   

The study was executed using Beresa-17, Gabis-55 and local varieties. The experiment was conducted in 

randomized complete block design with three replications. Seeds were sown in rows at spacing of 30 

cm with seed rate of 30 kg ha-1. Plot size of 1.8 m x 3 was used. NPS fertilizer at 100 kg ha-1 was 

uniformly applied for all treatments at sowing time. 

 

Data collection  

Relevant data including days to emergency, days to flowering, days to forage harvest (maturity), plant hei

ght, logging %, forage dry matter yield, seed yield and nutritive value were collected. Seed yield weight 

was calculated at 10% moisture content.  At 50% flowering stage the middle rows of each plot were 

harvested for dry matter herbage determination and chemical analysis. Plants were harvested at ground 
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level and fresh biomass weighed immediately using a 0.1 g scale. Then, a sub-sample of 15-20% of the 

total weight was separated and put into a paper bag for dry matter herbage determination. The samples 

were oven dried at 105 0C for 24 hours. To determine grain yield, the pods were harvested from the rest 

rows at optimum physiological maturity by hand picking. 

 

Statistical analysis  

All collected data were analyzed using general linear model procedure SAS (SAS, 2002) version 9.1. 

Means were separated with least significant difference (LSD) at 5% significant level. The statistical 

model for the analysis data was:  

Yijk= µ + Aj + Bi + eijk  

 

Where; Yijk= response of variable under examination, µ = overall mean, Aj = the jth factor effect of 

treatment/ cultivar, Bi = the ith factor effect of block/ replication, eijk = the random error. 

 

Results and Discussion 

 

Yield and yield components 

Mean value of agronomic and yield parameter of lablab varieties are shown in table 1 below. The result 

showed that days to 50% emergency, days to 50% flowering, plant height, pod per plant, pod length per 

plant, fresh biomass yield and seed yield were not significantly (P>0.05) differ between treatments. 

However numerically Gabis-55 variety showed higher biomass yielder where as Beresa-17 variety 

produced the maximum seed yield. The local variety took longer days (86.6 days) to reach 50% flowering 

while beresa-17 and gabis-55 reached 50% flowering at 83.1. The highest plant height was measured 

from Gabis-55 variety (138 cm) followed by Beresa-17 (126.6 cm) while the shortest plant height was 

obtained from genotype local (112.8 cm). The mean value observed in plant height of lablab varieties in 

the current study in the study area was 1.258 cm. however, lower than the value that observed by Denbela 

et al. (2015) reported 02.1 cm. The highest biomass yield 6.54 t/ha was recorded from of Gabisa-55 

variety followed by local variety 5.16 t/ha while the lowest biomass yield of 4.22 t/ha was obtained from 

Beresa-17 variety. The Mean biomass yield of the tested varieties in the study area was 5.309 t/ha-1, 

which was highly different from the result of Denbela et al. (2015) reported 39.32 t/ha-1. The variability 

might be related to differences in geographical location, sowing time and soil type. However significant 

(P<0.05) different to date of maturity was observed between treatments. The early seed maturing local 

variety (129.2 days) and followed by Beresa-17 (131 days) where as the seed maturing variety was Gabis-

55 variety (144 days). 

 

Table 1:Yield and yield components of Lablab varieties. 

Varieties D50%F DsM Ppp Pol (cm) Ph (cm) BMY (t/ha) GY qt /ha 

Gabis-55 85.3 144a 15.7 3.7 138 6.54 29.3 

Baresa-17 83.1 131b 22.1 2.3 126.6 4.22 33.9 

Local 86.6 129.2b 13.2 3.3 112.8 5.16 14.4 

Mean 85 134.7 17 3.08 125.8 5.309 25.8 

CV 5.8 8.7 65 52.9 21.05 59.6 182.6 
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a,bMean in a column within the same category having different superscripts differ significantly at 

(p<0.05)  D50%F=days to 50% lowering date, DM=maturity date, Ppp=Pod per plant, PoL=Pod length 

centimeter, PH=plant height centimeter, FBMY= fresh biomass yield tone per hectare, GY=grain yield, 

Cv=Coefficient of variation, LSD= Least significant difference. 

 

Chemical Composition 

The analysis of chemical composition indicated that DM, CP, NDF, ADL, ADF, TASH and OM was not 

significantly (P>0.05) different between treatments.  Numerically Beresa-17 variety was highest in OM , 

CP , NDF  and DM  and less in ADF , ADL , and TASH  content, Gabis-55 was highest in ADL and ADF  

and less in CP  content were as, the local variety had the highest in NDF  and TASH  and less in DM 

content than the rest accessions. As herbaceous forage legume, Lablab purpureus forage has an average 

protein content of about 18% of DM, which varies from 13 to 24% depending on local conditions and 

stage of harvest (Mudunuru et al 2008). In the current study average crude protein of Beresa-17 was 

28.7% which was not agreed with the reported by (Tullu 2017). This difference might be occurred due to 

season of sowing the crops and harvesting interval of the variety. 

 

Table 2: Mean chemical composition and digestibility of lablab varieties. 

Varieties DM CP NDF ADL ADF TASH OM 

Beresa-17 89.9 28.7 65.2 8.4 33.6 11.7 78.3 

Gabis-55 89.4 20.4 68.2 13.7 37.7 12.1 77.3 

Local 88.3 26.5 76.8 10 35.6 14.4 73.9 

Mean 89.2 25.2 70.06 10.6 37.6 12.7 76.5 

ADF= Acid Detergent Fiber; ADL= Acid Detergent Lignin; CP = Crude Protein; NDF = Neutral 

Detergent Fiber and OM = Organic Matter; TASH=Total Ash; DM=Dry matter. 

 

 Conclusions and Recommendation 

The result of this study indicated that Gais -55 variety was well adapted and being productive regarding 

the plant height, biomass yield and grain yield of each variety, which is hopeful to fill the gap of low 

quantity ruminant feed supply of the community. In addition the nutritional values (chemical 

composition) were promising particularly the crude protein (CP), Dry matter (DM) and Organic Matter 

(OM) content in Gais -55 variety. Thus it could be possible to conclude that the Lablab varieties 

especially Beresa-17 used as a protein supplement for midland of Guji which are suffering from poor 

quality roughage and low protein and digestible crop residues which are the major ruminant feed sources 

particularly in Guji. Based on its adaptability, high biomass, high grain yield, good CP, DM and OM Gais 

-55 is recommended for further promotion in the midland of East Guji zone and similar agro-ecologies. 
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Abstract 

 

 A study was conducted with the objective to identify adaptable, high biomass and seed yield of Oat 

genotypes at Adola sub-site of Bore Agricultural research center. Three oat genotypes Jasari, 5453 and 

6710 were tested in randomized complete block design (RCBD) with three replications. The result 

revealed that days to 50% flowering, days to maturity, logging and seed yield was significantly (P<0.05) 

differ among the treatments. Among the tested oat genotypes the early flowered variety was Jasari (62.8 

days) and late flowered variety was 5453 (72.8 days). Similarly Jasari (10.8 days) attained earlier for 

seed maturity while 5453 (114 days) was late seed maturing genotype. The highest logging was recorded 

from 5453 genotype (42.4 %) and the lowest was from Jasari variety (24.1%). The highest seed yield was 

obtained from 6710 genotype (49.3 qt/ha) while the lowest seed yield was obtained from Jasari variety 

(33.3 qt/ha). Plant height and biomass yield was not significantly (P>0.05) differ among treatments 

however numerically the highest biomass yield (2.2 t/ha) was prom (1.8 t/ha). The Highest plant height 

was measured from 5453 genotypes (163 cm) while the shortest plant height was obtained from Jasari 

variety (159 cm). Chemical composition showed that genotypes 5453 had the highest in acid detergent 

fiber (NDF), neutral detergent fiber (NDF) and DM while it has low in acid detergent lignin (ADL).  

Genotypes 6710 was the highest in acid detergent lignin (ADL) and total ash (TASH) however it showed 

lower in crude protein (CP), dry matter (DM), acid detergent fiber (NDF) and organic matter (OM) 

content. Jasari variety had the highest in crude protein (CP), organic matter (OM) and acid detergent 

lignin (ADL) whereas had showed lower value in acid detergent fiber (NDF) and total ash (TASH) 

content. Thus it could be possible to conclude that the oat genotype 5453 should be recommended for 

improving the constraints of feed shortage in midland of Guji zone and similar agro-ecologies. 

 

Keywords: Variety, Oat, Chemical composition, Jasari, Avena sativa 

 

Introduction 

 

Livestock are key assets in rural Ethiopia providing multiple economic, social, and risk management 

functions. Currently, livestock production accounts for about 12-16% of the GDP and about 16% of 

foreign earnings of Ethiopia (Bewket et al., 2015). Livestock is the primary source of livelihood to 

pastoralists living in the vast dry sub-humid, semi-arid and arid areas of the country (Bewket et al., 2015). 

In Ethiopia, livestock production is an important source of income and means of livelihood for farmers 

(Dereje et al., 2014) and generates >85% of the farm cash income (Yeshitila et al., 2008). Livestock are 

kept for production of replacement stock, source of food, draught power, transport, income generation, 
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soil compaction for planting small cereal crops and manure production for soil fertility management 

(Dereje et al., 2014). 

 Nevertheless, poor nutrition is the major limiting factor (Yeshitila et al., 2008) with the consequences of 

weight loss, lower milk yield, mortality and absence of heat (Zewdie, 2010). Feed is the most important 

input in livestock production and its adequate supply throughout the year is an essential prerequisite for 

any substantial and sustained expansion in livestock production (Samuel et al., 2008). 

The availability of feed resources and the nutritional quality of the available feeds are the most important 

factors that determine the productivity of livestock. One of the major problems to low production in the 

country is associated with shortage of livestock feeds both in quantity and quality, especially during the 

dry season (Zewdie, 2010). The role of natural pasture is diminishing from time to time due to shrinking 

grazing land size and the use of native hay is limited in coverage (Yayneshet, 2010). Even during years of 

good rainy season, forage is not sufficient to feed livestock in the highlands for reasons associated with 

restricted grazing land and poor management (Melese et al., 2014). Among the forage grasses, oat (Avena 

sativa) is the best adapted and productive forage with minimum input usage. Avena sativa varieties have 

high dry matter yields (Hogan and Weston 1969). It can be used for making hay and for grazing (Wheeler 

1981). Although, oat varieties should be tested for quality and productivity under the different climatic 

conditions, to date such studies did not carried out in the study area. This study was, therefore, designed 

to evaluate and identify the adaptable and high yielding oat genotypes in mid land of Guji. 

 

Materials and Method  

 

Description of the study area 

The experiment was carried out at Adola research sub-site of Bore Agricultural Research Center, Adola 

district of Oromia.  Adola district located around Adola town which is situated at a distance of 470 km 

from Addis Ababa and 120 Km from the zonal capital city, Negele Borena. It is an area of where a mixed 

farming and Sami- nomadic economic activity takes place, which is the major livelihood of the local 

people. The total area of the district is 1254.56km2.  Astronomically, Adola Rede district is located 

between 5o44'10” - 6o12'38” northing latitudes and 38o45'10” - 39o12'37” easting longitudes. The district 

is characterized by three agro- climatic zones, namely Dega11%humid, Weina Dega 29% sub humid and 

Kola 60% dry arid respectively. Most of the earth surface of the district is ups and down of the land 

surface with an elevation ranging from 1500 meters up to 2000 meter in the larger southern portion of 

North Western part. Plains, dissected hill plateau and mountain as well as valleys and gorges 

characterized the relief of the district. The major soil of the district is Nitosols (red basaltic soils) and 

Orthic Acrosols. They are red brown and black brown in colors and they are found on sloping terrain. 

Therefore, their agricultural utilization is good under natural vegetation. The percentage coverage of each 

soil is red soils 80%, brown soil 15% and black clack 5% respectively(Yazachew and Keshaun, 2011 

 

Experimental treatments and design   

The experiment was conducted using three oat genotypes Jasari, 6710 and 5354 in a randomized complete 

block design (RCBD) with 3 replications.  The plot size of 3 m x 1.8 m with 6 rows per plot was used. A 

distance of 1.5 m and 1 m between replication were applied. The recommended seeding rates of 80 kg ha-

1 were used. 100 kg ha-1 diammonium phosphate (DAP) fertilizer and 50 kg ha-1 urea were uniformly 

applied for all treatments. 
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Data collection Methods 

 Data days to emergency 50%, days to flowering 50%, days to forage maturity, plant height, logging %, 

forage biomass yield, seed yield and nutritive value. Seed yield weight was calculated at 10% moisture 

content.  

 

Statistical analysis  

All collected data were analyzed using the general linear model procedure of SAS (SAS, 2002) version 

9.1 means were separated using least significant difference (LSD) at 5% significant level . The statistical 

model for the analysis data was:  

Yijk= µ + Aj + Bi + eijk  

 

Where; Yijk= response of variable under examination, µ = overall mean, Aj = the jth factor effect of 

treatment/ cultivar, Bi = the ith factor effect of block/ replication, eijk = the random error. 

 

Results and Discussions  

 

Mean value of agronomic and yield parameters of the tested oat genotypes were shown in table 1. The 

result show that days to 50% flowering, days to seed maturity, logging and seed yield were significantly 

(P<0.05) differ among the oat treatment.  Among the oat genotypes the early flowered variety was Jasari 

(62.8 days) followed by 6710 cultivar (65.5 days) and late flowered variety was 5453 cultivar (72.8 days). 

Similarly Jasari (10.8 days) attained earlier for seed maturity while genotype 5453 (114 days) was late 

seed maturing genotypes. The highest logging was recorded from genotype 5453 (42.4) and the lowest 

was from jasari variety (24.1). The highest seed yield was obtained from 6710 genotype (49.3 qt/ha) 

followed by 5453genotype (49.2 qt/ha) and lowest seed yield was obtained from Jasari variety (33.3 

qt/ha). The significance effect of oat genotypes on seed yield performance in the present study is also in 

agreement with previous findings of the other countries (Singh and Singh, 1992; Lupingan et al., 1999; 

Naeem et al., 2002). Plant height and biomass yield was not significant (P<0.05) differ between 

treatments. However numerically the highest biomass yield biomass yield (2.2 t/ha) was recorded from 

genotype of 5453 (2 t/ha) followed by genotype 6710. The lowest biomass yield was produced from 

Jasari variety. The highest plant height was obtained from genotype 5453 (163 cm) followed by genotype 

6710 (160 cm). Shortest plant height was obtained from Jasari variety (159 cm). Mean plant height of the 

oat oat genotypes in the current study was 94 cm. our result is dis agreed with who reported by Yehalem 

(2012) (106.5 cm) in irrigation areas at Ribb River using fertilizer.  

 

Table 1. Yield and yield attributes of oat Variety/cultivars 

Genotype 50 % DF 50% DM Log  PH (cm) BMY(ton/ha) SYD (qt/ha) 

5453 72.8a 114a 42.4a 163 2.2 49.2a 

6710 65.7b 110b 37.5b 160 2 49.3a 

Jasari 62.8b 108.4c 24.1c 159 1.8 33.3b 

Mean 67.3 110 33 160.7 2 43.9 

CV 0 0 0 5.2 80 32.4 

LSD (5%) * * * Ns Ns * 
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(a,b,c) Mean in a column within the same category having different superscripts differ (p<0.05), D50%F= 

Days to 50% flowering, DsM= days to seed maturity, Log=Logging, PH=plant height, BMY= biomass 

yield tone per hectare, GYLD=grain yield quintal per hectare, CV=Coefficient of variation, LSD= Least 

significant difference, *=significant difference, ns= none significant difference 

 

Chemical Composition 

From Oat variety/genotypes (Table 2), 5453 cultivar was highest in ADF, NDF and DM and less in 

ADL. 6710 cultivar was highest in ADL and TASH and less in CP, DM, NDF and OM content were as, 

Jasari variety had the highest in CP, OM and ADL and less in ADF and TASH content than the rest 

cultivar. The mean result of the current study were (91.1%) dry matter of the varieties were higher than 

the mean result reported by Arelovich et el. (1994) (17.1%). 

 

Table 2: Mean chemical composition of Oat variety/genotypes. 

Varieties DM CP NDF ADL ADF TASH OM 

5453 90.3 13.8 84.4 8.1 48.7 13.9 76.4 

6710 90 13.3 77.8 12 46.3 18.4 71.5 

Jasari 90.2 16.1 81.3 10.8 40.4 11.7 78.6 

Mean 91.1 14.4 81.2 10.3 45.1 14.7 75.5 

 

Conclusions and recommendation 

 

The result implies that genotype 5453 was well performed in agronomic, yield and quality parameters. 

Thus it could be possible to conclude that the oat genotype 5453 should be recommended for improving 

the constraints of feed shortage in mid land of Guji and similar agro-ecologies.  
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Abstract 

 

 The study was conducted with the objective to identify adaptability, high biomass and seed yield of vetch 

genotypes. The three vetch genotypes Vecia dasycarpa, Lalisa and 5187 were evaluated in randomized 

complete block design (RCBD) with three replications. The result revealed that date of 50% flowering, 

date of maturity, pod per plant and plant height were significant (at p<0.05) different between treatments.  

Genotype 5187 was attained 50% flowering at earlier (62 days) days while vecia dasycarpa (79.9 days) 

as compared to other genotypes. The highest value of plant height (112.2) was measured from Lalisa 

variety while the shortest (67.7) plant height was recorded from genotype 5187. Pod per plant, biomass 

yield and seed yield didn’t significantly (P>0.05) affected by treatments. However, numerically the 

highest biomass yield and seed yield was obtained from Lalisa variety. The lowest value of biomass (1.9 

t/ha) was produced from 5187 genotype while vecia dasycarpa was found to be the least (11.3qt/ha) in 

seed yield. The chemical composition result indicated  Lalisa variety was the highest in organic matter 

(OM) crude protein (CP) while it was lowest in neutral detergent (NDF) and acid detergent fiber 

(ADF).Vecia Dayscarpa was highest in crude protein (CP) and neutral detergent (NDF) whereas the 

lowest value of organic matter (OM)) where recorded. Genotype 5187 genotype had the highest in dry 

matter (DM) and acid detergent fiber (ADF) however it contains the lowest crude protein (CP) and acid 

detergent lignin (ADL) as compared to the other varieties. Based on the yield and chemical quality 

performance Lalisa variety was found one of the best adapted vetch in the study area. Hence it is 

important to recommend for further promotion of this variety in midland of East Guji zone and similar 

agro-ecologies 

 

Keywords: Genotypes, Vetch, Quality, Nutritive value, Lalisa, Varieties 

 

Introduction 

 

Currently, with the rapid increase in human population and demand of food, grazing lands are steadily 

shrinking in favor of their conversion to arable lands. As a result availability of adequate feeds has 

become a major setback for increased livestock production. According to Berhanu et al., (2003) improved 

nutrition through adoption of sown forage could substantially increase livestock productivity. Getnet et 

al., (2003) reported that food-forage crops integration with different methods (nonconventional forage 

production systems) are important and appropriate in areas where land shortage is a problem and the 

agricultural production system is subsistence. Cereal-based cropping system through different methods is 

one of the strategic interventions for optimizing the productivity of a given land use system (Tarawali et 

al., 2002).  
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Among the annual forage legumes, vetches are well adapted and more promising as short term fodder 

crops. One attraction of vetch is its versatility, which permits diverse utilization as either ruminant feed or 

green manure. It grows well on the reddish brown clay soils and the black soils of the highland areas. It 

has been grown successfully in areas with acid soil with pH of 5.5-6. Forage legumes including vetches 

are rich sources of N for livestock with cheaper prices compared to concentrates especially in developing 

countries (Seyoum, 1994).  

 

Information on plant height, days to maturity, growth habit and other growth characteristics of the forage 

legumes are important to integrate with food crops in mixed stands. Previous evaluations of vetches has 

been limited to adaptation and biomass yield but there is no adequate assessment of different vetch 

species and accessions with respect to growth features, forage and seed productivity and forage quality in 

Guji Zone. Therefore, the study was undertaken with the objective evaluate identify better adaptable, 

herbage and seed yield performance of vetch genotypes. 

 

Materials and Methods  

 

Description of the study area 

The experiment was carried out at Adola Research sub site of Bore Agricultural Research CenterAdola 

district Guji zone of Oromia. Adola district is located at a distance of 470 km from Addis Ababa and 120 

km from the zonal capital city, Negele Borena. It is an area of where a mixed farming and Sami- nomadic 

economic activity takes place, which is the major livelihood of the local people. The total area of the 

district is 1254.56km2. Astronomically Adola district is situated at between 5o44'10” -

 6o12'38” N and 38o45'10” - 39o12'37” E. The district is characterized by three agro- climatic zones, 

namely highland 11%, midland 29% and lowland 60% dry(Yazachew and Keshaun, 2011). 

 

Experimental treatments and design  

The study was conducted using three genotypes of vetch (Lalisa variety, Vicia dasycarpa and genotype 

5187. The experiment was conducted in randomized complete block design with three replications. Seeds 

were sown in rows spaced at 30 cm on a plot size of 1.8 m x 3 m. Seed rate 30 kg ha-1 was used for all 

vetch genotypes. NPS fertilizer was uniformly applied for all treatments at sowing time. 

 

Data collection  

 All relevant data including days to flowering, days to seed maturity, plant height, and biomass yield, 

logging %, seed yield and nutritive value were recorded.  At days 50% flowering stage the middle rows of 

each plot were harvested for dry matter herbage determination and chemical analysis. Plants were 

harvested at ground level and fresh biomass weighed immediately using a 0.1 g scale. Then, a sub-sample 

of 15-20% of the total weight was separated and put into a paper bag for dry matter herbage 

determination. The samples were oven dried at 105 0C for 24 hours. To determine seed yield, the pods 

were harvested from the rest rows at optimum physiological maturity by hand picking. The weight of seed 

yield was calculated at 10% moisture content. 

 

Statistical analysis  
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All collected data were analyzed using general linear model procedure SAS (SAS, 2002) version 9.1. 

Means were separated with least significant difference (LSD) at 5% significant level. The statistical 

model for the analysis data was:  

Yijk= µ + Aj + Bi + eijk  

 

Where; Yijk= response of variable under examination, µ = overall mean, Aj = the jth factor effect of 

treatments, Bi = the ith factor effect of block/ replication, eijk = the random error 

 

Results and Discussion 

 

Yield and yield components 

Mean value of agronomic and yield parameter of vetch genotypes are shown in (table 1) below. The 

analyzed result show that days to 50% flowering, days to seed maturity, pod per plant and  plant height 

was significantly (P<0.05) differ among the treatments. Genotype 5187 was attained 50% flowering at 

earlier (62 days) while vecia dasycarpa (79.9 days) as compared to other genotypes. The highest value 

(112.2 cm) of plant height was measured from Lalisa variety followed by vecia dasycarpa (102.3 cm).  

The result of current study was lower compared to the result of Dinekew and Asefa (2012) that recorded a 

plant height of was 151.6 cm from vecia dyascarpa.  The shortest (67.7 cm) plant height was obtained 

from genotype 5187. On the other hand pod per plant, biomass and seed yield were not show significant 

(P>0.05) different between treatments. However numerically the highest biomass (2.9 t/ha) and seed yield 

(22.7qt/ha) were obtained from lalisa variety. The lowest value of biomass (1.9 t/ha) yield was produced 

from genotype 5178 while vecia dyascarpa was found to be the least (11.3 qt/ha). The result of this study 

did not agreed with the result of Usman et al. (2019) whose reported that  Lalisa variety didn’t gave seed 

yield the difference might be attributed to the variation in soil fertility and agro ecology in different site 

where the studies conducted. 

 

 Table 1: Agronomic and yield parameters of Vetch genotypes. 

 a, bMean in a column with in the same category having differ superscripts differ (p<0.05) CV=Coefficient 

of variation, LSD= Least significant difference 

 

Chemical Composition 

The results of chemical composition of the tested varieties are indicated in table 2. Among the tested 

vetch genotypes Lalisa variety was highest in organic matter (OM), crude protein (CP) while it was 

lowest neutral detergent fiber (NDF) and acid detergent fiber (ADF).  

Genotypes Date of 

50% 

Flowering 

Date of 

maturity 

Pod 

per 

plant 

Pod 

length 

[cm] 

Plant 

height 

[cm] 

Fresh 

biomass 

yield [t/ha] 

Seed Yield 

[qt/ha] 

Vecia dasycarpa 79.9a       122b 2.9 0.9b       102.3a 2.1 11.3  

Lalisa  76a  129.6a      5.2 1.5ab      112.2a 2.9      22.7  

5187 62b 108c       6.2 2.3a      67.7b 1.9   22.2 

Mean  72 119.9 4.8 1.5 94 2.4 18.7 

CV  14 2.9 74.6      69.9     15.2     58.7       80.7      

LSD (5%) * * Ns * * Ns Ns 
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Vecia dayscarpa was highest in crude protein (CP) and neutral detergent fiber (NDF) whereas the lowest 

values of organic matte were recorded. Genotype 5187 had the highest dry matter (DM) acid detergent 

fiber (ADF) however it contains the lowest crude protein (CP) and acid detergent lignin (ADL) as 

compared to the other genotypes. The crude protein Lalisa variety and Vecia dasycarpa were above the 

average CP content of a feed which is 10.6, but less than the CP content of protein supplement feed which 

is 32.6. The result is in line with the suggestion of Van Soest (1982) who noted the CP content of young 

herbage to be as high as 14 to 16%. This level of CP is above the recommended minimum level of CP in 

the diet of ruminants for optimum rumen function Van Soest (1994). However, genotype 5187 was 

significant difference in CP comparing with Lalisa variety and Vecia dasycarpa.  Decrease in NDF 

content has been associated with increasing digestibility and hence feed intake Gomez, K.A. and A.A. 

Gomez. 1984, and Singh GP, Oosting SJ (1992). The NDF content of all genotypes were less than the 

average NDF content of feed which is 56.2. Roughage diets with NDF content of 45-65 and below 45% 

were generally considered as medium and high-quality feeds, respectively Singh and Oosting (1992). 

The NDF percentage of Vetch recorded in this experiment ranged below 55% value which can be 

categorized as high-quality feed category. The lowest ADF value (42.5) lalisa variety was comparable to 

the ADF value reported by Caballero et al. (2001).  

 

Table 2: Mean Chemical composition of Vetch genotypes. 

Varieties DM% CP% NDF% ADL% ADF% OM% 

Lalisa 88.9 20.8 66.3 18.1 42.5 76.6 

Vecia dayscarpa 89.2 26.2 87.5 10.6 36.8 73.1 

5187 91.5 2.6 66.4 10.5 42.6 75.3 

Mean       

CV       

LSD       

ADF= Acid Detergent Fiber; ADL= Acid Detergent Lignin; CP = Crude Protein; NDF = Neutral 

Detergent Fiber and OM = Organic Matter;; DM=Dry matter 

 

Conclusion and recommendation 

 

Based on the yield and quality performance Lalisa variety was found as one of the best adapted vetch in 

the study area. Hence it is important to recommend for further promotion of this variety in midland of 

East Guji zone and similar agro-ecologies. 
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Abstract 

 

Wax moths are serious pests of beeswax worldwide. The wax moth belongs to the subfamily Galleriinae of 

the family Pyralidae, order Lepidoptera. The current study was conducted to evaluate the effectiveness of 

some plant based biocides to develop alternative method of controlling greater wax moth. For this 

purpose, Azadirachta indica, Ocimum basilicum, Calpurnia aurea, Vernonia amygdalina and Vebascum 

sinatticum benth were collected, dried, grinded and plant extracts were prepared by soxhlet extraction 

method. The oil extract were applied on the larvae of greater wax moth, Galleria mellonella at 

concentrations of 5%, 10%, and 15%. Completely randomized design was used with 3 replicates. 

Mortality was recorded at 3h, 12h, 24h and 48h post-treatment. The plant extracts showed significant 

(P<0.05) level of toxicity to the larvae of greater wax moth, Galleria mellonella at different exposure 

times and concentrations. Results showed that Azadirachta indica and Ocimum basilicum caused (100%) 

mortality in the larvae of greater wax moth, Galleria mellonella after application of 15% extract within 

48h, while the least larvae mortality (42.82%) was obtained from Vebascum sinatticum bent within 48h 

exposure time. From different extracts, 15% concentration was the most toxic causing (100%) larvae 

mortality within 48h exposure time. The results indicated that the percentage of larval mortality was 

significantly increased vertically by increasing the concentration levels from 5% to 15% and horizontally 

by increasing exposure times from 3h to 48h. The results from the laboratory test showed that 

Azadirachta indica and Ocimum basilicum extracts is promising biological control agent against the 

larvae of greater wax moth, Galleria mellonella. However, these results need further research in order to 

identify its effectiveness on the field and honeybee. 

 

Key words: Galleria mellonella, wax moth, plant extracts, mortality, larvae 

 

 Introduction 

Honeybees are well known and economically beneficial insects not only for the production of honey, wax 

and other valuable products but also for crop pollination and environmental stability. The essential and 

valuable activities of bees depend upon healthy population of honeybee, because like other living 

organisms, bees are subjected to many disease and pest (Ritter and Akratanakul, 2006). Many developing 

countries are trying to improve the quality of their honey products but they frequently encounter 

widespread obstacle in apiculture. Among many interrelated factors, infestation of honeybee colonies by 

pathogens and pests is the prominent ones that inflict enormous loss to the potential beekeeping 

production. The important pests of honeybees are small hive beetle, bee louse, Mediterranean flour moth, 

the lesser and greater wax moths.  

 

The wax moth belongs to the subfamily Galleriinae of the family Pyralidae, order Lepidoptera. The order 

Lepidoptera contains two species of wax moths; the greater, Galleria mellollella L. and the lesser, 

Acllroia grisella .These two species of wax moth occur naturally or have been introduced by man in 

mailto:tayebeye@yahoo.co.uk
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almost all regions of the world where apiculture is practiced. The greater wax moth is the most dangerous 

pest of honeybee combs (Hachiro and David, 2000). This moth is a serious problem in tropical and sub-

tropical climate, where warm temperature favours their rapid development. Females of the moth laid their 

eggs in cluster usually in the cracks or between wooden parts of the hives. The larvae mainly eat and 

destroy beeswax combs where the bees can store pollen, honey and lay eggs for their normal activities. 

The larvae of these moths form a silken feeding tunnel, which enlarge along the mid-rib of the comb or 

make borings through the thin wax caps of honey cells causing honey to leak out. Adults of the wax moth 

can also transfer pathogens of serious diseases like foulbrood as they move from hive to hive (Tompkins 

and Griffith, 1977; Singh, 1982; Crane, 1990; Chaniere and Imdorf, 1999; MAAREC, 2000). Unless 

controlled at early stage, this leads to the destruction of honeycombs and subsequent deterioration of the 

colonies and cause significant damage to stored beekeeping equipment. 

 

In Ethiopia, both the greater and lesser wax moths are widely distributed throughout the country and are 

believed to be the most troublesome of the pests of honeybees though their economic injury level has not 

yet been estimated (Ayalew Kasaye, 1983). Distribution of these two species of wax moths varies i.e. the 

lesser is predominant in mid-highland areas like Holeta (Suba) and Gedo, the greater at lowland areas like 

Nazareth, Bahir-dar, Hawasa, and Bako. In some places both species are found (Desalegn, 2001). Using 

synthetic pesticide against bee pests is not essential to limit risks of contaminating honey and beeswax 

with residue. The development and promotion of alternative means of technologies against bee pests is so 

extremely important. Crude extracts and essential oils have been explored for repellent, fumigant, 

larvalcidal and adulticidal activities against the various insect orders. Available literature shows that 

essential oils from thymol, eucalyptus and wintergreen have been commonly used for treating honeybee 

afflictions, including infestations of parasite mites (Khater, H. F., 2012). However, the safety, 

effectiveness and quality of botanical products depend on the quality of their source materials and how 

elements are handled through production processes.  

 

Ethiopia has a vast flora and fauna that have potential for developing natural products into commercial 

technologies. Traditional use of plants and plant derivatives for pest control and medicinal value is long 

time established in the country. A diversity of plant species are traditionally used as repellents and 

insecticidal effect in Ethiopia (Abebe et al., 2003; Berhanu et al., 2006).  However, very little information 

is available on the comparative efficacy of different plant products against the larval mortality of the 

greater wax moth, Galleria mellonella L. Therefore, this study initiated to evaluate the effectiveness of 

some plant extracts against the larvae of greater wax moth, Galleria mellonella under laboratory 

conditions. 

 

 Materials and Methods 

 

 Study location 

The experiment was conducted in the laboratory of  Holeta Bee Research Center during the year  of 2016- 

2018.The objective of this study was to evaluate the effectiveness of some plant extracts against the 

larvae of greater wax moth, Galleria mellonella. 

 

Collection and identification of plant materials 
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Fresh leaves for extraction were collected from mature plants grown in different localities of central rift 

valley of Oromia, Ethiopia. Selection of plants was depend on indigenous knowledge, previous research 

work and literature. The location, taxonomy and common name of the plant selected for the study were 

shown on the table below. 

 

Table1. Plant name and parts used for extraction of essential oils for treating Galleria mellonella  

Scientific name Common name  Family name Parts of plant used  

Azadirachta indica Muka Niimii Meliaceae Leaves 

Ocimum basilicum L Damaa kasee Lamiaceae Leaves 

Vernonia amygdalina Eebicha  Asteraceae Leaves 

Calpurnia aurea Ceekaa Fabaceae Leaves 

Verbascum sinaiticum benth Gurra harree Scrophulariaceae Leaves 

Cymbopogon citratus Xajji saara Poaceae Leaves 

Maesa lanceolata Forssk Abayyii Myrsinaceae Leaves 

 

Processing of plant materials 

Fresh leaves of Azadirachta indica, Ocimum basilicum L, Vernonia amygdalina, Calpurnia aurea, 

Verbascum sinaiticum benth, Cymbopogon citratus and Maesa lanceolata Forssk were shade-dried and 

pulverized into fine powder using electric grinder. The resulting powder was sieved using 2mm mesh size 

and stored in pre-labeled clean plastic bags prior to oil extraction. 

 

Soxhlet extraction of oils 

Extraction of essential oils from selected plant materials was carried by soxhlet extraction method using 

n-hexane as organic solvent at Holeta Agricultural Research Center food science laboratory. 50g of each 

plant powder was introduced separately into the Soxhlet chamber for oil extraction. In the round-bottom 

flask, 80ml of n-hexane introduced as solvent. The extraction was done at 60-80˚C until the solvent in the 

Soxhlet chamber became transparent. The flask was connected to hexane containing at 2/3 of total volume 

the extractor until 4 hours. The filtrate was then transferred to rotary evaporator to separate the solvent 

from the extract. Extracted plant oils were stored in separate labeled bottles until required for bioassay.  

Then, the extracts were dissolved in distilled water to obtain different extracts of 5%, 10% and 15% for 

bioassay test on the larvae of greater wax moth, Galleria mellonella. Distilled water and n- hexane 

solvents were used as negative and positive control respectively. 

 

Screening of plant extracts 

From the total seven tested plant materials, only five plant materials having positive effect on the larvae 

of greater wax moth, Galleria mellonella were selected and tested. 

 

Collection of the larvae of greater wax moth  

Samples of wax combs infested with the larvae of greater wax moth were collected from Adami Tulu 

Agricultural Research Center apiary site. Then, the larvae were transported carefully to the Holeta Bee 

Research Centre, Bee Health Laboratory with infested honey combs. 

 

Bioassay  



130 

 

For the implementation of the study, three different concentrations (5%, 10% and 15%) of each tested 

plant were prepared in distilled water. The contact toxicity was tested by spraying plant extracts on the 

larvae of greater wax moth. Treated larvae were kept inside closed petri dish to prevent escaping. Larvae 

mortality was recorded by counting dead by probing them with a blunt object. The control group was 

treated with distilled water and n-hexane. A larval was considered dead if it did not move after being 

probed with a pin turn to black and became softness. Mortality was recorded at 3h, 12h, 24h and 48h post 

treatment after application of 5%, 10%, and 15% concentrations. 

 

Statistical analysis  

Data from the three experiments were pooled and mortality was corrected using Abbots formula (1925): 

Corrected % mortality =100 x (T %-C %)/( 100 %-C %). 

Where T % = the percentage of the dead test larvae and C % = the percentage of dead control larvae. The 

data obtained were subjected to one-way analysis of variance using SPSS version 10.0 (SPSS, 

1999). Two-way analysis of variance was used to find out the interaction between the plant type, 

concentrations and exposure times. Tukey's Test was used to separate the means (P< 0.05). 

 

Results  

 

Effect of tested materials against the larvae of greater wax moth, Galleria mellonella 

Percent mortality regarding the efficacy of different plant extracts against the larvae of greater wax moth, 

Galleria mellonella was recorded and subjected to statistical analysis. An ANOVA revealed that the 

interaction of plant type and concentration levels significantly caused larval mortality of greater wax 

moth, Galleria mellonella (P< 0.05).The highest larvae mortality (94.22%) was obtained from 

Azadirachta indica after application of 15% extract within 48h followed by Ocimumbasilicum (83.76%), 

Vernonia amygdalina (77.37%) and Calpurnia aurea (68.33%), while the least larvae mortality (43.66%) 

was obtained from Vebascum sinatticum benth extracts (Table 3). So, the percent larval mortality was 

greater by the application of higher plant extracts. The larval mortality rate was increased with raising 

extracts concentration from 5% to 15%. Azadirachta indica and Ocimum basilicum caused (100%) 

mortality on the larvae of greater wax moth, Galleria mellonella within 48h after application of 15% 

extract. In the same exposure time (48hrs) the least larvae mortality (42.82%) was recorded when 

obtained 15% extracts of Vebascum sinatticum bent was applied on the larvae (Table 4).  

 

Table 2: Mean square error of plant type, concentration, exposure time and their interaction on larval 

mortality of greater wax moth, Galleria mellonella 

Source of variation Mean  value of larval mortality 

Type of plant  84.726*** 

Concentration 42.784** 

Time 22.721*** 

Type of plant * Concentration 17.972* 

Type of plant * Time 9.875* 

Concentration * Time 8.639* 

Type of plant * Concentration * Time 22.095* 

Standard error in parentheses (**) =P<0.01 ;(*) =P<0.05; (***) =P<0.001 
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Table 3: The interaction effects of plant type and concentration level on the larval mortality of greater 

wax moth, Galleria mellonella.   

Type of plant   Mean value± SE (%)  

  5% 10% 15% 

Azadirachata indica 64.25±1.4c 74.33±3.18d 94.22±0.99 a 

Ocimum basilicum 52.31±1.8b 63.18±3.85c 83.76±0.35b 

Vernonia amygdalina 41.06±2.2a 53.26±4.97b 77.37±3.55c 

Calpurnia aurea 29.01±1.2c 48.34±0.31b 68.33±3.3c 

Vebascum sinatticum benth 26.67±5.5c 32.90±0.00a 43.66±2.90d 

Distilled water (-Ve control) 0.0±0.00 a 0.0±0.00b 0.0±0.10c 

Hexane (+Ve control) 16.0±0.01 b 18.32±0.11d 26.0±3.57e 

LSD (5%) 4.70 6.76 9.34 

CV (%) 3.56 5.12 7.12 

Means followed by different superscript for the given main effect are significantly different (P<0.05). 

 

Table 4: The interaction effects of plant type and exposure time on the larval mortality of greater wax 

moth, Galleria mellonella. 

Type of plant Mean value ± SE (%)  

   3hr 12 hr  24 hr   48 hr 

Azadirachata indica 62.23±0.9a 83.52±3.45b 88.12±0.63c 100.00±5.34c 

Ocimum basilicum 54.92±0.6b 72.68±0.50c 76.30±1.42d 100.00±2.31c 

Vernonia amygdalina 43.16±4.6c 57.61± 1.57d 68.62± 2.49d 83.73± 5.55b 

Calpurnia aurea 25.23±1.2d 46.33±0.31e 54.32±3.3e 61.33±2.49a 

Vebascum sinatticum benth 18.32±5.5e 24.90±0.01f 35.66±2.90f 42.82±1.47d 

LSD (5%)  5.70 9.76 10.52 12.04 

CV (%)   2.3 1.8 6.6 7.2 

Means followed by different superscript within a column are significantly different (P<0.05) 

 

Table 5: The interaction effects of concentration level and exposure time on the larval mortality of greater 

wax moth, Galleria mellonella. 

Conc (%)                   Mean value ± SE (%)  

 3hr 12 hr 24 hr 48 hr 

5 26.22±0.9a 60.00±3.45b 68.81±0.63c 79.36±5.34b 

10 32.41±0.6b 68.22±0.51a 84.22±1.42b 91.48±2.31c 

15 52.76±4.6c 82.03± 1.57c 88.54± 2.49b  100.00± 5.42c 

LSD (5%) 6.5 7.6 8.0 10.87 

CV (%) 3.72 4.54 6.25 7.18 

Means followed by different superscript within a column are significantly different (P<0.05) 

 

Table 6: Main effects of plant type, exposure times and extract concentrations on the larval mortality of 

greater wax moth, Galleria mellonella 
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Plant type   Mean value (%) 

Azadirachata indica 96.82a 

Ocimum basilicum 89.14 b 

Vernonia amygdalina 84.52 b 

Calpurnia aurea 79.21 d 

Vebascum sinatticum benth 54.62 e 

ES 1.72 

LSD (5%) 2.6 

Exposure times (hours)  

3 56.42 b 

12 82.65 c 

24 86.11 d 

48 91.68 a 

ES 0.89 

LSD (5%) 3.14 

Extracts (%)  

5 48.72 c 

10 88.74 b 

15 100.00 d 

SE 1.23 

LSD (5%) 2.27 

CV (%) 10.2 

Means followed by different superscript within a column are significantly different (P<0.05) 

 

Discussion 

 

Plants are natural reservoirs of valuable photochemical. A lot of plants have been explored around the 

world for their antimicrobial activities (Cowan, 1999). Therefore, in the present study, Azadirachta 

indica, Ocimum basilicum, Vernonia amygdalina, Calpurnia aurea, and Vebascum sinatticum benth 

plants were selected and their crude extracts prepared, as these plants have been used against different 

insect pests (Biswas et al., 2002).Essential oils tested at various concentrations were found to exhibit 

varying degree of activity against the larvae G. mellonella. Efficacy of botanical extracts of plants used in 

this study against larvae of greater wax moth, Galleria mellonella were Azadirachta indica, Ocimum 

basilicum, Vernonia amygdalina, Calpurnia aurea, and Vebascum sinatticum benth in decreasing order. 

The percentage of larva mortality increased vertically by increasing the concentrations and horizontally 

by time of exposure. In the other hand, toxicity depends on concentration, type of essential oil and 

exposure time. The larval mortality rate was increased with raising extracts concentration from 5% to 

15%. Azadirachta indica and Ocimum basilicum caused (100%) mortality on the larvae of greater wax 

moth, Galleria mellonella within 48h after application of 15% extract. Plant extracts at higher 

concentrations caused significantly (p<0.05) higher mortality to wax moth larvae than the lower 

concentrations and controls. From different concentration of plant extracts, 15% w/v was the most toxic 

causing higher larvae mortality. Our results runs parallel to what have been found by Mohamed (2012), 

who declared that, the effect of the plant extract (Neem) on the percentage of larval mortality of Galleria 
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mellonella increased by increasing the period horizontally and the concentration vertically. High larval 

mortality with Azadirachata indica (Neem) extracts might have occurred because it possesses 

insecticidal, growth regulatory and antifeedent properties against insects (Larry, 2004). The differential 

toxicity of these plant extracts against larvae of greater wax moth may be attributed to the presence of 

different toxic components in the plant products. Hence, these natural products can be used in control of 

lepidopteron pest, greater wax moth, Galleria mellonella. These natural plant products are more 

economical when compared to other chemicals. Essential oils from some medicinal and aromatic plants 

are known to possess bioactive compounds that are either toxic to a number of insects at various stages of 

life or elicit anti feedant properties (Huang et al., 2000). According to Asawalam et al. (2007), 

insecticidal activity of any plant extract depends on the active constituents of the plant extract. In general, 

the use of natural products as an insecticide may help us to minimize the problem environmental 

pollutions as result of synthetic insecticide applications. 

 

Conclusions and Recommendation 

 

Plant extracts exhibited variable responses to the larvae of greater wax moth, Galleria mellonella. The 

results from the laboratory test showed that Azadirachta indica and Ocimum basilicum extracts caused 

the highest larval mortality after application of 15% plant extracts within 48h. The effectiveness of these 

plant oil extracts in controlling larvae of wax moth is probably a reflection of their insecticidal activities. 

The increasing of the concentration of plant extracts with exposure time increase the larvae mortality of 

Galleria mellonella. That means, the mortality effect depends on type of plants, level of concentrations 

and exposure of time. Therefore, Azadirachta indica and Ocimum basilicum extracts can be developed as 

sources of bio-pesticide for the management of larvae of greater wax moth, Galleria mellonella. 

However, these results need further research in order to identify its effectiveness on the field and on 

honeybees.  Also identification of bioactive compounds from the effective plant oils for the control of 

wax moth is necessary. 
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Abstract 

 

Human management and selective breeding are believed to improve many economically important strains 

of a given honeybee population to benefit the beekeepers. Selective breeding is supposed to be a 

promising way to estimate value of stock improvement elsewhere, though it is not a common practice in 

our local honeybees. Thus, to evaluate, select and maintain the best performing stock of local honeybee 

colonies based on different performance parameters, we obtained120 honeybee colonies of Apis mellifera 

bandasii (A. m. bandasii),from local beekeepers within traditional hives and transferred into movable 

frame hive at two apiaries (Holeta and Muger). All the transferred colonies were managed properly to 

establish themselves and acquire uniform strength.  At each of the two sites 50 colonies with similar 

resources (brood, nectar and pollen) and colony strengths were selected and maintained under continues 

follow-ups for data collections. The colonies were evaluated for different parameters such as brood 

development, brood solidness, hygienic behavior and honey yield. The results of the study indicated that 

honeybee colonies after selection showed significant differences in brood solidness, hygienic behaviors 

and honey yield compared to honeybee’s population before selection. This study revealed a 

42%increment in honey yield only due to selecting and rearing of queens from the best performing lines. 

Moreover, brood quality (solidness) and hygienic behavior of local honeybee colonies were significantly 

improved from 86.6 to 94.3% and 86.0% to 91.2% due to selection. From this practical point of view, it is 

possible to conclude that there is a possibility of improving the production performance of native stock 

through selection and breeding of maternal lines.  

 

Key words:  Apis mellifera bandasii, honeybee, brood rearing, hygienic behavior, stock improvement 
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1. Introduction 

 

The process of domestication often brings about profound changes in levels of genetic variation in animals and 

plants. The honey bees, Apis mellifera, has been managed by humans for centuries for both honey and beeswax 

production and crop pollination. Human management and selective breeding are believed to have improved 

many economically important strains that benefit beekeepers (Parker et al., 2010). Genetic improvement in any 

organism has the objective of increasing the gene frequencies of the economic importance of loci to be selected 

in the population. In relation to bees, this means increasing the frequency of the number of colonies that 

produce above the average generation from which the selection was made(Ruvolo-takasusuki et al., 2016). In 

relation to bees, this means increasing the number of colonies that produce above the average generation from 

which the selection can be made.(Bar-Cohen et al., 1978). 

In the majority of selection and breeding programs, economic traits, such as honey productivity and colony 

strength together with traits desirable for modern beekeeping like gentle temper and low swarming tendency 

have been of predominant importance (Buchler et al., 2010). The production of honey and other products is  the 

result of the combine work of the honeybee colony (Collins et al., 1984 and  Ruvolo-takasusuki et al., 2016), 

and therefore the entire colony becomes a unit of selection, where the assessment of improved queens is carried 

out by their progeny performance tests (Collins et al., 1984; Rinderer, 1977 and  Ruvolo-takasusuki et al., 

2016). Honey and other bee product production studies allowed to observe considerable variation within a 

honeybee colonies (Bar-Cohen et al., 1978; Cao et al., 2016; Ruvolo-takasusuki et al., 2016 and Pernal et al., 

2012). For instance, it has been reported that selective breeding of queen bees increased honey production by 

about 30% (Bar-Cohen et al., 1978) and royal jelly production by 10 times (Cao et al., 2016). The strong impact 

of selective breeding on the population is evident due to the significant variability in honeybee colonies 

(Buchler et al., 2010; Ruttner, 1988). Moreover, queen selection according to honey production has been 

suggested as an effective tool for improving honey production of a given honeybee population (Bar-Cohen et 

al., 1978). Furthermore, performance test based selective breeding and mass propagation of selected breeder 

colonies are well established practice elsewhere (Buchler et al., 2010).  

Therefore, the genetic gain was low not only because of the low heritability of traits (influenced by the large 

environmental variation), but also by low selection differentials observed in the parental generation, as a 

characteristic genetic gain is equal to the product of their differential selection in the parental generation for its 

heritability (Buchler et al., 2010).On the other hand, local beekeepers are currently looking for honeybee 

colonies with high honey yield and other desirable behavioral traits. For this purpose, selecting and maintaining 

of a good quality stock of local honeybees through selection is very critical at least to lay foundation for further 

selective breeding and improvement programs.Therefore, the aim of this preliminary work was to evaluate, 

select and maintain best performing stock of local honeybee colonies based on stated performance parameters.  

 

2. Materials and methods 

   

2.1 Study sites and colony treatments 

This study was conducted at two apiaries of Holeta Bee Research Center (Holeta and Muger), Oromia Regional 

State, Ethiopia from September 2014 to June 2018 for five consecutive years. Honeybee colonies used for the 

experiment were obtained from local beekeepers found around the two study sites.  For this experiment, 120 

local A. m. bandasii colonies (60 honeybee colonies for each site) in traditional hives were obtained and 

transferred into movable frame hives in the first month of the first active season (September 2014). All the 

transferred colonies were managed in uniform manner until they are established properly and acquire uniform 
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strength. At the middle of the first active season, after the colonies were well established and acquired uniform 

strength, all the colonies were inspected and 100 bee colonies (50 at each site) with similar resources, such as 

brood, nectar and pollen, and bee population (Taha, 2007) were selected and maintained under continuous 

follow-ups for data collections.  

 

2.2. Colony evaluation parameters 

 

2.2.1 Brood area 

The area occupied by immature worker honeybees (eggs + larvae + capped brood) in each colony was evaluated 

every 21 days by overlaying a 5 × 5 cm wire grid frame on each side of every brood frame and the area covered 

with the brood was visually summed (Delaplane et al., 2013) (Figure 1).  

 
Figure 1. Grid frames placed over brood comb 

 

2.2.2. Honey production  

Harvested honey yield was measured as a difference between weight of honey frames before and after honey 

extraction, and yield data were recorded for each colony at each apiary site. All honey yield data obtained from 

each colony were summed up to obtain the total yield from 50 honeybee colonies for each apiary. From the total 

honey yield, the average honey yield was calculated for the colonies at each apiary at the end of honey flow 

season. Then, the mean honey yield was compared to the amount of honey yield obtained from each colony and 

colonies that recorded honey yield above the average were qualified and used for further selection.  

 

2.2.3. Brood pattern (Solidness) test 

Based on the first honey yield results, 40% of the colonies which were found to perform above the average 

honey yield were used for the evaluation of brood solidness over four brood rearing seasons (two study years). 

The degree of worker brood solidity was determined using a piece of cardboard cutting  enclosing 10 x 20 

worker cells (area enclosing 200 cells) following a method used by (Delaplane et al., 2013) with little 

modification (Figure 2). The number of empty cells from these 200 cells was counted and recorded. Based on 

the total number of empty cells, percentage of viable brood was calculated for each colony under consideration. 

Colonies with brood solidity ≥ 85% considered as best performers and selected for the next evaluation for 

further selection.  
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Figure 2. A piece of cardboard with a square equal in size to 10 x 20 cells is laid over a patch of brood. 

Percentage brood solidness is measured directly as (200 - no. empty cells). 

 

2.2.4. Hygienic behavior test 

For hygienic behavior study of the colonies, pin-killed method was used to evaluate the rate of removal of pin-

killed young pupae as described elsewhere (Büchler et al., 2013). For this purpose, newly sealed brood cells 

punctured with a fine pin to kill the pupa beneath the capping in each colony. For each pupa only single hole 

was used to pierce the pupa several times at different angles. The frame with pin-killed brood was marked for 

easy identification during data collection. After 24 and 48 hours, the number of cells uncapped and cleaned out 

were counted and recorded. After several replications under both environmental conditions, percent removal of 

dead brood was calculated following a formula previously described (Alemu et al., 2014). Honeybee colonies 

that have cleaned at least 90% of the cells within 48 hours were considered as hygienic colonies and subjected 

to further evaluation(queen rearing for honey production evaluation). Accordingly, 13 and 12 colonies that 

displayed high hygienic behavior were selected at Holeta and Muger respectively. 

 
  Figure 3. Pin-killed test was used, where 100 cells containing pupae were pierced through the cell 

capping with an entomological pin size number. 

 

2.3. Assessment for further yield improvement  

The best performing colonies from each sub-line were used to rear queens to test if there is an improvement in 

honey yield and other parameters for the second generation colonies. The required virgin queens were reared by 

using grafting method from parental stock lines selected, those passed through the evaluation criteria for honey 

production, brood solidity and hygienic behavior. The reared virgin queens were allowed tomate naturally with 

drones within and around the two areas during active season. This step was repeated every active season. Old 

queens were replaced by newly reared queens and managed for honey production. Honey yield and brood 

solidity and hygienic data were collected from colonies headed by the new queens, and compared with the 

results from the initial colonies. 

 

3. Statistical analysis 
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All the recorded results were analyzed using descriptive statistics and tested using t-test and general linear 

(GLM) model and presented using tables and graphs.  

 

4. Results and discussion 

 

4.1. Measurement of brood development in selection process 

The overall average brood area measured at different times for the honeybee colonies kept at both sites (Holeta 

and Muger) is presented in Table 1. Brood rearing activity was not significantly (p >0.05) varied for the 

colonies at the three time points (before first round culling,  before second round culling and after stock-line 

selection) during the selection process, suggesting that colonies brood rearing tendency could be affected by 

external factors other than the colony phenotype (Harbo, 1986 and Ostrovski-tomporoski et al., 2016). For 

instance, brood rearing tendency of a colony is significantly affected by environmental conditions (Hatjina et 

al., 2014). This, may suggest that rate of brood production by honeybee colonies is less important for the 

preliminary line selection of honeybee colonies.  

 

Table 1. Mean ± standard error (SE) of brood population and brood solidity of honeybee colonies during 

selection. 

Category of test colonies Mean ± SE of  brood area 

(number of frame) 

Mean ± SE of percent 

brood solidity 

Before selection (initial population) 4.8 + 0.2a 86 + 0.5b 

After culling colonies performed below 

average honey yield 

4.7 + 0.3a 90.4 + 0.7a 

Queens reared from selected colonies 5.2 + 0.6a 91.2 + 1.4a 

Means followed by similar letters in the column do not significantly differ p ˃ 0.05 

 

4.2. Brood solidness 

Brood solidness is expressed by the percentage of empty worker cells in a brood patch of a given area. In fact, 

the quality of brood pattern, which is the degree of worker brood solidity, is one of the general measures that 

indicates the wellbeing of a colony (Lee et al., 2019 and Woyke, 1981). In this study, we found that brood 

solidity in colonies reared from selected lines were significantly (p ˂ 0.05) elevated compared that of the  initial 

population (before culling) (Table 1), showing that quality of brood pattern for selected lines is within the 

acceptable level of empty cells (<10%) (Delaplane et al., 2013). This high quality of brood pattern, as indicated 

by solid patches of capped brood in colonies reared from selected lines of queens, designates line selection 

elevates brood pattern quality, which in turn, improves brood viability and reduces the risk of colony mortality 

due to poor brood pattern (Lee et al., 2019 and  VanEngelsdorp et al., 2013).This result clearly shows that 

brood patter can be significantly improved through selective breeding and suggests that brood solidness is  an 

important selection metric to be considered during stock improvement. 

 

4.3. Hygienic behavior  

The percent removed dead pupae by the three groups of honeybee colonies (colonies before selection or initial 

population, colonies after culling those that performed below average in honey yield and colonies reared from 

selected lines) during the study period are presented in Table 2. There were significant differences (p <0.05) in 

the mean percent of pin-killed pupae removed in 48 hours among the three groups of colonies. The highest dead 
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pupae removal rate per colony was observed in colonies reared from the selected stock (94.3%) compared to the 

initial population and colonies maintained based on their first honey yield performances. This result is in line 

with the finding that colonies of the same subspecies within the same apiary demonstrate different level of 

hygienic behavior (Garcia et al., 2013; Güler and Toy, 2013 and  Uzunov et al., 2014) suggesting that the 

higher dead pupae removal percent in colonies reared from the selected stock may reflect the substantial effect 

of selective breeding on improvement of colonies’ hygienic behaviour expression. In addition, the observation 

provides a clue that hygienic behaviour may help the future selective breeding of better performing bee lines.  

 

Table 2. Percentage of pin-killed brood cells from which pupae were completely removed in the three groups of 

colonies at 48 hours  

Category of test colonies  Mean ± SE of percentage pin-killed 

brood removal 

Before selection (initial 

population) 

 86.6 ± 1.0b 

 After culling colonies 

performed below average 

honey yield 

 90.5 ± 2.8ab 

Queens reared from 

selected colonies 

 94.3 ±  1.4a 

Means followed by similar letters in the column arenot significantly different at p˃ 0.05 

 

4.4. Honey yield 

The collected data showed significant (p <0.05) differences in honey yield among the considered groups of 

colonies (Table 3). Colonies belonging to queens reared from selected colonies tend to produce the highest 

honey yield (25.5 kg) compared to the colonies belonging to initial colony population (18.3 kg). According to 

these results, the average honey yield of the selected colonies was found to be 41.7% higher than that produced 

by initial colonies (before any selection). The main reason for the differences among the groups in the current 

study could be the continuous production of selected queens from the stock with desirable phenotypic and 

genetic characteristics (Ostrovski-tomporoski et al., 2016). Perfect development and productivity of the colony 

depends mainly on the quality of its queen (Ostrovski-tomporoski et al., 2016), as the progeny inherits half of 

the characteristics from the maternal line. Thus, the current variation in honey yield of selected and non-selected 

honeybee colonies indicates that heritability of honey production and its gain through selective breeding (Garcia 

et al., 2013). It has also been suggested that selection based on this trait (honey production) can yield a good 

genetic gain, especially if it is used to aid selection (Rinderer, 1986). This evidence supports the previous 

findings which indicated thatthe existing variation in production performance within a population may help to 

improve the yield through selection. 

 

Table 3.Mean ± SE of honey yield for honeybee colonies before and after selection 

Category of test colonies Mean ± SE of honey yield 

(kg/colony/harvest) 

Before selection (initial population) 18  ± 0.4c 

 After culling colonies performed 21.8  ± 0.6b 
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below average honey yield 

Queens reared from selected colonies 25.5  ±  1.1a 

Means followed by similar letters in the column arenot significantly different at p˃ 0.05 

 

5. Conclusion and recommendation 

 

In this study, the brood quality, hygienic behavior expression and honey yield of the honeybee colonies 

belonging to selection population was observed to change over time aided with selective breeding. These traits 

are most important when selection parameters are evaluated before and after stock selection and should be kept 

in any local honeybee evaluation system for stock improvement. The results show that honey yield could be 

improved by about 42% by selecting and using selected stocks based on the traits. From this practical point of 

view, it is possible to conclude that there is a possibility of improving the production performance of native 

stock through selection and breeding of maternal lines.  

Therefore, all the selected and evaluated honeybee colonies have been recommended for the local beekeepers in 

surrounding   area to further promote the colonies stock improvement into the areas where there is a gap in 

improving honey production. 
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Abstract 

 

Stingless bees, Meliponula beccarii (M. beccarii) domestication trail has been conducted at Holeta Bee 

Research Centre (HBRC) apiary site for about three years. Three types of hives (UTOB hive, rectangular box 

hive and pot hives) were developed and tested for colony adaptation.  For the purpose, a total of 33 stingless 

bee colonies excavated from wild nests were transferred into 5 UTOB, 10 rectangular box and 18pot hives. All 

of the colonies transferred to UTOB and rectangular box hives were absconded within six months of their 

establishment, indicating a 100% failure of stingless bees domestication in wooden box hives set above the 

ground. However, among 18 stingless bee colonies transferred into pot hives, 16(88.9%) were adapted and 

successfully domesticated at HBRC apiary site. Two season honey yield was harvested from pot hived colonies 

using disposable syringe and the average honey yield per colony per year was1.10 ± 0.20 L that ranges 

from90ml – 3L per colony. Moreover, the average volume of honey per pot per harvest was measured to 

be6.26±1.08 ml. Furthermore, the nests of stingless bees were protected with an average of 6.87±0.65 guard 

bees per nest. Despite the destructive traditional way of honey harvesting from feral colonies, this study 

demonstrated for the first time, the possibility of stingless bees domestication using pot hives for the sustainable 

honey production and conservation of this native bee species in Ethiopia. Although the current results 

highlighted the possibility of M. beccarii domestication for sustainable honey production, more research is 

needed on how to manage, multiply them, on the best way of honey harvesting technique and use of these bees 

for pollination services. 

 

Keywords: Absconding,Domestication,Pot hive, Stingless bees  

 

1. Introduction 

 

Stingless bees (Apidae, Meliponinae) are a group of eusocial insects with various genera known to live in 

tropical and subtropical regions of the world. About 56 genera of stinglees bees containingover600species are 

known to occur in various nesting ecological areas of the world (Cortopassi-Laurino et al., 2006; Eardley, 

2005), of which majorities are living in feral colonies. Among many species of stingless bees assumed to exist 

worldwide (Michener, 2007), about six genera comprising twenty species are known to live in Africa (Eardley, 

2005) and out of these only five species have so far been found in Ethiopia (Pouly and Zewdu, 2013).M. 

beccarii(“Damuu”)is among the most frequent species and this indicates more is expected to be investigated in 

Ethiopia(Pouly and Zewdu, 2013).  

Meliponula beccarii is an inimitable species that lives in perennial colony by constructing its nest harbouring 

the underground soil where the bees reproduce and store honey and pollen materials. These stingless bees 

utilize resins of different plant species for nest construction and chemical defenses against their pathogens 

(Sakagami, 1982; Wilms et al., 1996; Leonhardt et al., 2009). Typically, a colony of stingless bees is composed 

of a few hundred to several thousands of workers, few drones and single queen with similar labour division like 

that of Apis mellifera bees. Meliponula beccariiis a very docile species in character and its non-stinging 

mailto:alemaygb@yahoo.com
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behavior helps for easy management and adaptation around home gardens both for production of quality honey 

and pollination services. The bees are harmless to beekeepers, easy to transport, and pose no any environmental 

risk rather they can be used for pollination services particularly in green house farming. 

The honey produced by M. beccarii bees is a valuable bee product with a long consumption tradition, to which 

several traditional medicinal uses are attributed in Ethiopia. It is considered to be important in traditional 

treatments of wound, respiratory ailments, surface infection, diarrheal and various other diseases (Birhanu, 

2013; Nidia et al., 2019). As a result, stingless bee honey has been known as a product with high market 

demand, achieving higher prices than the honey produced by bees of the genus Apis and locally commercialized 

in different regions of Ethiopia. As a result, stingless bees are of great potential for small-scale farmers as 

source of income generation as well as for pollination of various crops and natural vegetation. However, the 

existence of the species in the country is threatened by many factors, such as habitat degradation, agricultural 

intensification, misuse of pesticides and destructive way of stingless bee honey hunting, an activity which kills 

individual bees or destroys the whole colony. 

Despite the roles of stingless bees in sustaining human livelihood and the threats to this social insects, efforts 

made in domesticating and conserving African stingless bee species in general is at its infant stage(Raina et al., 

2006).Only few attempts have been initiated on meliponi culture as new opportunity for source of income 

generation in few African countries like Ghana, Kenya, Botswana and South Africa (Cortopassi-Laurinoet al., 

2006).On the other hand, in Ethiopia, only a preliminary inventory work of stingless bees was conducted in 

West Shoa Zone of Oromia Regional State via interviewing traditional hunters (Gizaw, et al, 2012). Moreover, 

no attempt has been made so far to domesticate and manage stingless bees in artificial hives either for 

sustainable harvest of the products, such as honey and cerumen (propolis) or for the conservation of this native 

species. As a result, only feral colony hunting for honey harvesting remained to be a common practice in the 

country. However, this traditional practice of honey harvesting from feral colonies is absolutely destructive, 

which contributes to the decline of colony population and endangers the existence of the species. Moreover, it 

reduces the quality and quantity of honey to be harvested from individual colony. 

In view of this, it was felt valuable to undertake a comprehensive work on the domestication and management 

of stingless bees (M. beccarii) using different hive types developed at HBRC. This work represents the first and 

effective effort to domesticate and manage stingless bees in newly designed pot hives (made of clay soil) as a 

new opportunity for sustainable honey production, as well as for the conservation of the native species. 

 

2. Materials and Methods 

 

2.1. Scope of the study  

For the purpose of regular attendance and management of stingless bees (M. beccarii), domestication trial was done 

at the apiary of HBRC.A total of 33 queen right nests of stingless bees were collected from different locations 

including: Gedo, Chalia, Toke Kutay, Wolmera, and Holeta areas of West Shoa Zone of Oromia Regional State. 

Domestication trial of the stingless bees was conducted using different pot hives for three consecutive years-from 

2015-2017. 

 

2.2. Hive design and colony establishment 

Three types of hives (UTOB hive, rectangular wooden box hive and pot hive)were designed and tested for the 

domestication of stingless bees(Fig.1a). UTOB hives were developed according to the design of Utrecht University 

(Marinus, 1999), with little modification. The other two hive types (wooden box hive and pot hive) were designed 

at HBRC following the natural nest structure of native stingless species (M. beccarii) (Fig. 1b and c).The pot 
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hives were particularly designed and developed at HBRC, and constructed by local potteries following the 

natural nest structures of feral colonies that encompasses all the dimensions, such as entrance tunnel, honey 

chamber, brood chamber and defecation hole (Fig. 2). 

After hive preparation, assessment and hunting of natural nests was conducted with the help of traditionally 

experienced local stingless bees’ nest hunters. The natural nests of stingless bees were located in their natural habitats 

(arable, non-arable and forest areas). Then, each nest was excavated carefully and transferred in to the new hive types 

where, brood combs with bees and the queen were mainly placed in the center of the hives and all the gaps were 

sealed and plastered with mud. Accordingly, a total of 33 native stingless bee colonies of M.beccarii were established 

in the three hive types (5 in UTOB hives, 10 in box hives and 18 in pot hives) in the same honey flow season. All the 

colonies were settled under the same environment with shades, except the two box hive types (UTOB and 

rectangular box hives) were placed above the ground on beds, while colonies in the pot hives were placed under the 

ground in the soil all letting their entrance out in the upright direction (Fig.1). Data on the number of adapted colonies 

to different hive types were recorded thoughout the years. Colonies absconded (left the hives ) per hive type 

wereregarded as non-accepted hives. 

 

2.3. Feeding and management  

Although the age of natural nests from which each bee colonies were obtained is unknown, uniform management 

practices were provided to all colonies after establishment. All the colonies settled under shade, surrounded by mesh 

wire fences at the selected apiary site. Following the dearth period, all the established colonies were given 

supplementary feeding consisting of 100 ml sugar syrup (1:1, sugar: water) per colony every fortnight. The sugar 

syrup was provided in falcon tubes as feeders which is inserted inside the pot hives (Fig.3) and the total amount was 

consumed by the bees in 1-2 days. 

 

2.4. Honey harvesting 

After one year of colony setting, honey was harvested from those domesticated stingless bees in pot hives and an 

average honey yield was measured for respective colonies or iginated from different locations. For the purpose, the 

pot hives were carefully opened from up covers without damaging the nest chambers containing the pot cells used for 

both honey and pollen stores (Fig. 2). Directly from exposed and sealed honey pot chambers, ripe honey was 

harvested using disposable syringes with volume above10mland pulled in to air tightened glass jars for each 

respective colony to measure yield per colony. The honey contained in a pot was randomly measured to determine 

the average volume of honey per pot. Accordingly, the honey yield was measured for two honey flow seasons 

(October to November and June to July) to estimate the average honey yield/colony/year. Although honey reserves 

were harvested for yield estimation, there was still some honey remained always in honey pots and some pots were 

kept intact to serve for colonies sustenance unlike that of honey hunting. In this way, the total volume of honey 

harvested was recorded and honey yield <50 ml/colony was considered essentially nil, and was registered as zero 

production. The average honey volume of each colony/year was measured and estimated based on the colonies 

origin and finally, overall honey yield/colony/year was estimated. 
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Fig. 1 Stingless bee domestication trials in different hive designs 

 

2.5. Guard bees 

After colony establishment in the designed pot hives, the number of guard bees regularly attending nests for 

protection at the entrance were counted and compared for the three different time period (morning, mid-day and 

afternoon). The average guard bees counted at the entrance of each bee colony were calculated and compared 

for the three time periods. 

 
Fig. 2New design and structure of pot hive used for stingless bees (M. beccarii) domestication 

 

2.6.  Data Analysis 

a b 

c 
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Data on the number of colonies adapted to different hive types thoughout the experiment were entered into 

Microsoft excell and colony adaptation rate was analyzed. After one year of managing, honey stored in the 

accepted hives per colony was computed to determine the potentiality of  the colonies to produce honey at the 

establised site.  Then, amount of honey/colony and per pot and number of guard bees were analysed using 

descriptive statistical analysis using SPSS software. 

 

Colony adaptation success per hive type was caculated by the following formula: 

 

𝐶𝒐𝒍𝒐𝒏𝒚 𝒂𝒅𝒂𝒑𝒕𝒂𝒕𝒊𝒐𝒏 𝒓𝒂𝒕𝒆=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑙𝑖𝑣𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 ℎ𝑖𝑣𝑒 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟

𝑎𝑙𝑙 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑒𝑑 𝑖𝑛 𝑡𝑜 𝑡ℎ𝑒 ℎ𝑖𝑣𝑒 𝑡𝑦𝑝𝑒
𝑋 100 

 

 
Fig.3 Supplementaryfeeding and management of colonies during dearth period 

 

Result and discussion 

Among 33 stingless bee colonies (M. beccarii) transferred to different hive types, only colonies transferred to 

the pot hives were able to adapt and survive to the level of honey production under the established apiary 

conditions. All the colonies transferred to UTOB and rectangular box hives were absconded within the 

maximum of six months of their establishment, indicating that stingless bees failed to adapt in wooden box 

hives situated above the ground. This is considered as 0% adaptation rate for the M. beccarii to live in wooden 

box hives. In contrast, out of colonies transferred to the pot hives, about 89 % were well-adapted and sustained 

for more than two years at the established site (Fig.1c, Table1). This indicates that the natural nest of the native 

stingless bees, i.e, M. beccarii is underground (Amano, 2004), whereas the 0% adaptation rate in UTOB and 

wooden box hives above the ground was noticed as an attempt to tame them against their natural nest ecology. 

Under natural conditions, feral colonies of stingless bees (M. beccarii) build their nests in underground cavities, 

such as in termite mounds (Amano, 2004) where they dwell for longer period of years and produce honey. 

Thus, the success of our work to establish these bees in pot hives might have created a similar environment with 

their natural nest ecology because of two main reasons. The first indicative reason is the constructed pot hives 

are made up of clay soil which simulated with the environment where stingless bees naturally construct their 

nests. Secondly, after colony transferring to the pot hives, the bee colonies concealed underground in a soil so 

that it is more or less similar with their natural nest ecology helping to maintain the hive temperature and 

protect them against enemies as in wild nests. More importantly, it is possible to keep M. beccarii in pot hives 

for sustainable honey production and colony conservation.  

 

Table 1. Domestication success of stingless bees in different hive types during the firstyear of their 

establishment 
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Hive type Number of 

transferred  colonies 

Number of  colonies lived 

for one year 

Colony adaptation rate 

(%) 

UTOB hive 5 0 0 

Rectangular pot hive 10 0 0 

Pot hive 18 16 88.9 

Total 33 16 48.5 

 

Unlike that of the traditional practice, hive inspection and honey harvesting from managed bee colonies in pot 

hives is simple and suitable. Likewise, honey harvesting method is operated by carefully opening the lids of the 

pot hives that exposes the internal parts separately without destructing any nest structure (Fig.4). This would 

help for sustainable honey production from the same colonies, as well as to conserve the native bee species for 

long period of time at the same site providing intensive pollination service. Also, the quality of honey harvested 

from managed nests is by far better than that of traditional practices, because honey harvested by honey hunters 

is undoubtedly mixed with soil particles and other impurities. 
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Fig.4Colony inspection and honey harvesting from domesticated M. beccarii colonies 

 

The average honey harvested from managed stingless bee colonies varied depending on many factors such as 

colony strength and original nest locations from which the colonies were obtained. After one year of colony 

establishment, an average of 1.10±0.20 L (range of 0.09-3 L) honey yield was recorded per colony/year (Table 

2). Specifically, the highest mean honey yield (1.78±0.43 L per colony/year) was recorded from colonies 

obtained from Mada Gudina area and the lowest (0.55±0.19 L) was recorded from bee colonies originated from 

Wolmera area. However, at this stage, it is difficult to speculate the reason for the yield variation among 

colonies from different locations. The overall average honey production of stingless bees from the domesticated 

colonies is almost similar with colonies of natural nests (1.5±0.43 L per colony) (ChalaKinati, 2019, in press). 

However, the quality and repeatability of honey production from domesticated colonies is greater than that of 

traditional honey hunting. During honey harvesting process from domesticated colonies, honey reserve was left 

in each nest for colony sustaining. Furthermore, as it is difficult to estimate the ages and colony strength of 

natural nests, there is a probability of getting no honey yield in traditional practices after fully destructing the 

colony.  

 

Table 2.   Average honey production per colony and per pot  

Nest source N 
Average honey yield per 

colony per year (L) 

Average honey volume per 

honey pot (ml) 

Propolis 

Honey yield 

Exposed honey pot cells Brood cells 

Guard bees 
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Mean ±SE Min Max Mean ±SE Min Max 

Wolmera 4 0.55 ±0.19 0.09 1.00 4.62 ±1.03 2.00 7.00 

MadaGudina 4 1.78 ±0.43 1.00 3.00 3.50 ±0.84 2.50 6.00 

Birbirsa Siba 4 1.25 ±0.43 0.40 2.40 6.13 ±1.01 4.50 9.00 

HBRC 4 0.81 ±0.31 0.23 1.44 10.8 ±3.12 6.00 20.00 

Total 16 1.10 ±0.20 0.09 3.00 6.26 ±1.08 2.00 20.00 

 

Owing to their distinctive characteristics, stingless bees store their honey and pollen in unique pot cells quite 

different from the brood cells (Fig. 4). In addition to the total honey yield, we also measured the honey content 

of each honey pot to determine the average honey per honey pot for colonies obtained from different localities. 

Accordingly, an average of 6.26 ±1.08 ml honey per honey pot was recorded with the range of 2 ml to 

20ml(Table 2). The higher volume/honey pot (20ml) was recorded from colonies obtained from HBRC and the 

lower was recorded from colonies obtained from Wolmera areas (2ml). It is the cumulative volume of honey 

collected from each honey pot that gives the total honey yield per colony/harvest. As a result, the greater the 

number of honey pot per nest provides the grater honey yield per colony. 

In general, the average honey production from stingless bees (M. beccarii) is smaller to that of Apis mellifera 

bees. However, the market demand and local price of stingless bees’ honey is much higher than that of the Apis 

bees’(Alves, 2013). This indicates keeping stingless bees (meliponi culture) is more profitable for the local 

communities for income generation, as well as to use the honey as medicine. In addition, the bees themselves 

are an important asset to assure plant biodiversity in many natural ecosystems, and to fulfil the growing 

agricultural demand for pollination services (Jaffe et al., 2015). 

 

Table 3.Number of guard bees on the nest entrance before excavating wild nests 

Original Nest 

location 
N 

Average number of guard bees on the entrance 

Mean ±SE Min Max 

Walmera 4 7.25 ±1.10 4.00 12.00 

MadaGudina 4 7.00  ± 1.73  5.50 10.00 

BirbirsaSiba 4 6.25  ±1.38 3.00 9.00 

HBRC 4 7.00  ±1.58 3.00 10.00 

Total 16 6.88±0.66 3.00 12.00 

 

For stingless bee colonies either in wild or managed nests, there are several worker bees called the guard bees 

protecting the nest by watching around their entrance (Fig.4, top left). The guard bees protect the entire colony 

from enemies who attack and rob the resources like honey by biting and removing foreign intruders, such as 

bumble bees, wasps, and yellow jackets. The guard bees can extend their mandible and release alarm 

pheromone to attract other guard bees if needed. The hive is equipped with a propolis across the entrance to 

give the guard bees the advantage over robber bees. In such a way, guard bees play the most important role in 

protecting their colony (Grüter et al., 2011). 

In our observation, the number of guard bees counted for established colonies at different time periods rages 

from 3-12 with average number of6.87±0.67bees per nest entrance (Table 3). The largest number of guard bees 

(7.25±1.10) was counted at mid-day time for the colonies obtained from Wolmera area and the smallest(6.25 
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±1.38) was recorded in the morning time for bee colonies obtained from Birbirsa Siba area (Table 3 and Fig.5). 

This variation in the number of guard bees is due to several factors including time period, weather condition, 

presences of pest and colony strength (Grüter et al.,2011). In general, the larger number of guard bees on the 

entrance, particularly during the mid-day, suggests that enemies and intruders bout the stingless bee nests 

during the day time. In the morning and afternoon, when every pests and intruders become slow to predate, the 

number of guard bees also becomes low. In Ethiopia, traditional hunters count the number of guard bees on the 

entrance to estimate the age of a colony in a particular nest and estimate honey production. However, the 

current result showed that there is no relationship between the number of guard bees and age of the colony and 

therefore, the number of guard bees cannot be used as indicator for honey yield estimation. Rather, colony 

inspection and seasonal management, and floral resource in the area are vital factors to produce good honey 

yield from managed stingless bee colonies. 

 
Fig. 5 Number of guard bees counted in three time periods for domesticated M. beccarii colonies 

 

Conclusion and recommendations 

Meliponula beccarii is among the small honey producing bee species found in Ethiopia. There is no culture of 

keeping this bee species at all and destructive honey hunting is a long lasting tradition in the country’s farming 

community.  

Therefore, this study has shown that stingless bee domestication in newly designed pot hives is a promising 

work to initiate meliponi culture in Ethiopia. Unlike that of traditional colony hunting for honey harvesting, 

protecting stingless bees in designed pot hives is more auspicious for sustainable management and conservation 

of the native species. In addition, it is possible to produce good quality honey using managed stingless bee 

colonies for income generation as it is known to serve for medicinal purpose in the local communities.  

In this study, it is observed that there is no relationship between number of guard bees and age of the colony and 

therefore, the number of entrance guard bees cannot be used as indicator for honey yield estimation. Rather, it is 

colony seasonal management that is important for improved honey production. Therefore, instead of the 

destructive way of honey harvesting from feral colonies, managing stingless bees in such simple, locally 

available and cost effective pot hives is highly recommended for small scale farmers especially for traditional 

hunters. Although the newly designed pot hive is well accepted by the bees and enabled us to harvest honey on 

sustainable bases, modifications are still needed for better management and efficient honey harvesting 

technique, as well as to limit the volume of the pot depending on the size of a colony. Finally, it is hoped that 

the domestication of M. beccarii in artificial hive could constitute a starting point for the development of 

meliponiculture in the country that will provide new opportunities for people in the rural areas as a source of 
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income generation that can improve the economy of many households and may create good opportunity for 

their crop pollination service.  

 

References 

 

Amano, K. (2004). Attempts to introduce stingless bees for the pollination of crops under greenhouse conditions 

in Japan, Food and Fertilizer Technology Center. 

Bassindale, R.; Matthews, L. H. (1955).The biology of the Stingless Bee Trigonu (Hypotrigona) gribodoi 

Magretti (Meliponidae).Proceedings of the Zoological Society of London. Wiley Online Library, 

London. 

Birhanu Andualem (2013). Combined antibacterial activity of stingless bee (Apis mellipodae) honey and garlic 

(Allium sativum) extracts against standard and clinical pathogenic bacteria. Asian Pac J Trop Biomed.  

3(9):725-31. 

ChalaKinati (2019). Stingless bees honey production and marketing practices in West Shoa Zone, Article in 

press. 

Cortopassi-Laurino, M.; Imperatriz-Fonseca, V.L; Roubik, D.W.; Dollin, A.; Heard, T.; Aguilar, I.; Venturieri, 

G.C; Eardley, C.; Nogueira-Neto, P. (2006). Global meliponi culture: challenges and opportunities. 

Apidologie37: 275–292 

de Oliveira Alves, R.M. (2013). Production and marketing of pot-honey. In: Vit, P.; Pedro, S.R.M.; Roubik, 

D.W. (eds), Pot-Honey: A legacy of stingless bees, Springer Science+ Business Media, New York. 

Pp.541–556. 

Eardley, C. (2005). Taxonomic revision of the African stingless bees (Apoidea: Apidae: Apinae: Meliponini). 

African plant protection10(2): 63-96. 

Gizaw Ebissa, Admassu Addi, Debissa Lamessa (2012). Investigating habitats of stingless bees (Meliponin) in 

West Shoa Zone, Oromia. In: Gemechis Legesse, Kibebew Wakjira, Amssalu Bezabeh, Desalegn 

Begna, Admassu Addi (eds), Apiculture research achievements in Ethiopia, Oromia Agricultural 

Research Institute, Holeta Bee Research Center, 2012, Holeta, Ethiopia, Pp 31. 

Grüter, C.; Kärcher, M.; Ratnieks, F. (2011). The natural history of nest defense in a stingless bee, Tetragonis 

caangustula (Latreille) (Hymenoptera: Apidae), with two distinct types of entrance guards. Neotropical 

entomology, 40(1): 55-61. 

Jaffé, R.; Pope, N.; Carvalho, A.T.; Maia, U.M., Blochtein, B.; de Carvalho, C.A.L.; et al. (2015). Bees for 

Development: Brazilian Survey Reveals How to Optimize Stingless Beekeeping. PLoS ONE10(3): 

e0121157. 

Koch, H. (2010). Combining morphology and DNA barcoding resolves the taxonomy of western Malagasy 

Liotrigona Moure, 1961 (Hymenoptera: Apidae: Meliponini). African Invertebrates51(2): 413-421. 

Leonhardt, S. D.; Bluthgen, N.; Schmitt, T. (2009). Smelling like resin: Terpenoids accountfor species-specifi c 

cuticular profi les in Southeast-Asian stingless bees. Insectes Sociaux56: 157–170. 

Michener, C. D. (1974). The social behavior of the bees: a comparative study, Harvard University Press. 

Michener, CD (2007). The Bees of the world. The John Hopkins University Press, Baltimore, Pp 913. 

Nidia, E.H-Y.; Magana-Ortiz, D.; Oliva, A. I.; Ortiz-Vazquez, E. (2019).Antifungal activity of honey from 

stingless bee Meliponabeecheii against Candida albicans. Journal of Apicultural Research59: 12-18. 

DOI: 10.1080/00218839.2019.1665247 

Pauly, A.; Zewdu Ararso Hora (2013).Apini and Meliponini from Ethiopia (Hymenoptera: Apoidea: Apidae: 

Apinae). Belgian Journal of Entomology16: 1-35. 

https://www.ncbi.nlm.nih.gov/pubmed/23998014


153 

 

Raina, S.K.; Muli, E.; Naguku, E.; Kioko E.; Macharia, J.K. (2006).Developing incentives for community 

participation in forest conservation through the use of commercial insects in Kenya. UNDP-GEF Fourth 

Technical Project Inception Report, Project ID: KEN/04/G35. 

Sakagami, S. F. (1982). Stingless bees. In: Hermann, H. R. (ed.), Social Insects, Volume 2. Academic Press, 

New York. Pp.361–423. 

Wilms, W.; Imperatriz-Fonseca, V. L.; Engels, W. (1996). Resource partitioning between highly eusocial bees 

and possible impact of the introduced Africanized honey bee on native stingless bees in the Brazilian 

Atlantic rainforest. Studies on Neotropical Fauna and Environment31: 137–151. 

  



154 

 

Evaluating the effect of plants extracts against majorpestsof honeybees (Apismellifera) 
 

DeressaKebebe, Alemayehu Gela, TeferiDamto, Meseret Gemeda, GemechisLeggese 

Holeta Bee Research Center, Oromia Agricultural Research Institute, Oromia, Ethiopia 

 

Abstract 

 

The honeybee is the most useful insect to man but their productive potential is reliant on their health conditions. 

The pests not only cause economic loss but also cause ecological problems related to the role of honey bees, as 

they are most vital pollinators of the World. The aim of this study was to evaluate and identify the efficiency of 

some plant-based biocides to develop alternative method of controlling honeybee pests that is the safest to hive 

products. For this purpose, Euclaptus globulus, Calpurnia aurea, Ocimum basilicum, Allium 

sativum,Cymbopogon citratus, Menthapiperita and Ocimum gratissimum were collected, dried under shade and 

grinded and their oils were extracted by using Soxhlet apparatus and n-hexane as an extractor. The botanical 

extracted oils were prepared in different concentrations and applied on Varroa destruct tors, Aethina tumuda 

and Apis mellifera. The effectiveness of the extracts against the pests and the safety to the honeybees was 

observed after 24 and 48 hours, respectively. Plants extracts showed variable responses to A.tumudaand V. 

destructors. Leaves extracts of O.gratissimum and O.basilicum caused 100±0.0 percent mortality after 

application of 70 percent extracts while E.globulus and C. citrates leaves extracts was the next killers of 

A.tumuda after application in 48 hours. Leaves extracts of A.sativum and C.aurea showed less effective on 

A.tumuda. Results showed that A.sativum, E.globulus and C. aureaca used 100±0.0 percent mortality on V. 

destructors after 24 hours. C.citratus  extracts of 100 percent dose caused 100+0.0 percent mortality of the 

mites after application on the mites. C.aurea leaf extract may be safer to A. mellifera and control V. destructor. 

Biopesticides can be up coming pest managing healthier choice. The n-hexane extracts of the E.globulus, 

A.sativum,C. aureaand C. citrates plants had insecticidal effects on the two insect pests of beesand could be 

considered as bioactive candidate for management of the pests.   

 

Key Words:Aethinatumuda, effectiveness, honeybee, plant oils, Varroa destructors 

 

1. INTRODUCTION 

 

The honeybee is considered of great economic importance not only for the production of honey, wax, and other 

valuable products, but also for crop pollination and environmental stability. The essential and valuable activities 

of bees depend  the health status  of honeybees, because like other living organisms, bees are subjected to many 

diseases and pests (Ritter and Akratanakul 2006). Many developing countries are trying to improve the quantity 

and quality of their honey products but they frequently encounter widespread obstacle in apiculture. Among 

many interrelated factors, infestation of honeybee colonies by pathogens and pests is the prominent ones that 

inflict enormous loss to the potential beekeeping production. In tropical countries pests and predators of 

honeybees are more prevalent and affect honeybees than diseases and cause loss of colonies and their products 

(Morse and Nowogrodzki 1990).Using synthetic pesticide against bee pests and diseases cause the risks of 

contaminating honey and beeswax with residue .Furthermore, beekeepers in developing countries may not be 

able to afford synthetic pesticides. 

Thus, the development and promotion of alternative means of technologies against bee pests is so extremely 

important. This would have advantages of enhancing environmental quality, economic viability, protect human 
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health and safety by preventing the risk of contaminating honey and hive products, and promote the well-being 

of honey bees. Botanical pesticides are safer to users and environment because they are biodegradable and 

break down into harmless compounds within few hours in the presence of sunlight (Buss A. and Park-Brown S., 

2002). Furthermore, botanical pesticides are encouraged over conventional pesticides because, they affect only 

target pest, effective in every small quantity, decompose quickly and provide the residue free food and a safe 

environment to life (Pedigo, 1998). When incorporated with integrated pest management programs, botanical 

pesticides can greatly decrease the use of conventional pesticides (Parmar and Devakumar, 1993; Khater, 2012). 

For these reasons, the more recent approach to control honey bee pests and diseases has been inclined to use 

relatively safe natural products of plants and plant derivatives. 

Plant based pesticides have been adopted in different countries and cultures with their own specific indigenous 

knowledge and parallel standards and methods for evaluation. The plants of families Myrtaceae, Lamiaceae, 

Asteraceae, Apiaceae and Rutaceae are highly targeted for anti-insect activities against specific insect orders 

like Lepidoptera, Coleoptera, Diptera, Isoptera and Hemiptera (Khater, 2012).  

Crude extracts and essential oils have been explored for repellent, fumigant, larvicidal and adulticidal activities 

against the various insect orders. Evidence showed that some botanical pesticides are effective against bee pests 

and disease (StanghelliniandRaybold, 2004; Zaitoun, 2007). Essential oils from thymol, eucalyptus and 

wintergreen have been commonly used for treating honey bee afflictions, including infestations of parasitic 

mites (varroa and Acarine l) (Khater, H. F. 2012;Calderone, 1999). However, the safety, effectiveness and 

quality of botanical products depend on the quality of their source materials and how elements are handled 

through production processes. 

Ethiopia has a vast flora and fauna that have potential for developing natural products into commercial 

technologies. Traditional use of plants and plant derivatives for pest control and medicinal value is long time 

established in the country. A diversity of plant species are traditionally used as repellents and insecticidal effect 

in Ethiopia (Abebe et al., 2003; Berhanu et al., 2006)., Plant species including Olea europae, cuspidata, 

Otostegiainte grifolia, Azadirachta indica, Silenemacro serene and Echinop spp. are known to be the most 

common traditionally used insect repellent plants (Karunamoorthi et al., 2009).  

However, scientific evidence about the safety and effectiveness of traditionally used plant products against 

major pests and pathogens is very limited. Studies  to explore the existing traditionally used plant species to the 

more advanced practice against honeybee pests is absent in the country. Therefore, the aim of this study was to 

evaluate the effectiveness of the most common traditionally used plant species oil extracts against major pests 

(V. destructors, A.tumuda and A.mellifera).  

 

2. MATERIALS and METHODS 

 

2.1. Study area 

The experiments were conducted at laboratory of Holeta Bee Research Centre, Oromia Agricultural Research 

Institute, Oromia regional state in Ethiopia during July 2016–July 2018. Honeybee A.mellifera colonies were 

transferred in Langstroth and modified-Langstroth beehives and naturally infested with V. destructor and 

A.tumuda, respectively. 

 

2.2. Plant parts collection  

Seven plant species essential parts were collected based on information obtained from documented indigenous 

knowledge and literature. The plants selected for the purpose were E.globulus (leaves), C.auria (leaves), O. 
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basilicum (leaves), A.sativum (bulbs),C.citratus (leaves), M.piperitaand O.gratissimum (leaves). The bulbs of 

the onion and leaves of the rest selected plants were collected from areas of Oromia region. 

 

2.3. Sample preparation 

The collected plants parts were kept at room temperature. Then, the leaves and bulbs were dried under shade 

and grinded using ultra-centrifugal mill and stored in a plastic bottle. 

 

2.4. Plant oil extraction 

Three gram (3g) of dry sample was weighed to within milligrams in an extraction thimble; and placed in the 

extraction unit. The parts were dissolved in hexane. The flask was connected to hexane containing at 2/3 of total 

volume to the extractor until 4 hours. When finished, the hexane was evaporated by rotary evaporator. The 

flasks were cooled in a dryer and the oil was picked in a vial. The extract was put in vial and stored at 0oC until 

time for use. 

 

 

 

 

 

 

 

Figure 7.Plant oil extraction (left) and extracted plant oils (right) 

 

The extracts were dissolved in distilled water to obtain concentrations of 25%, 50%, and 100% to use against V. 

destructor and 70% and 100% for bioassay tests on A. tumudawhile100% concentrations of the products were 

used to notice the safety of the extracts to honey bees based on works of Pitan and co-workers (Pitan et al., 

2015). Distilled water and hexane were used as positive and negative control, respectively. The water was used 

to prepare different concentration levels. Hexane was used to extract the active components of the plants. 

 

2.5. Collection of Varroa destructor and Aethina tumuda 

 

2.5.1. Adult V. destructor collection method 

To collect the required sample of adult V. destructors for the bio-assay test, the standard icing sugar rolling 

methods was applied according to Dietemann et al. (2013).Samples of 250-300 adult bees was collected from 

randomly selected bee colonies and brushed off directly into a wide mouth jar. About 1 teaspoon powdered 

icing sugar (at least 7g) was poured through the mesh and vigorously rolled the jar for 1 minute to distribute the 

sugar over all the bees. Then, the jar was allowed to sit for a few minutes, and then inverted and shaken over a 

piece of paper to recover the V. destructors. The mites and sugar were passed through the mesh to the paper.  
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Figure 8.Collection of V. destructors 

 

The fallen mites and sugar were placed in a sieve and rinsed with phosphate-buffered saline to rid them of icing 

sugar particles, allowing the sugar to escape. Finally, the V. destructors were counted and collected in a mite-

tight container. 

 

2.5.2. Adult small hive beetles collection  

Adult A.tumuda were collected from bee colonies using small hive beetle trap (modified Langstroth type hives), 

according to (Alemayehu et al., 2018). The hives were modified with open underneath on the bottom board and 

covered with mesh wires. From the back of the hives, a slot of corrugated cardboard (45 cm × 45 cm), with one 

surface peeled to expose the ridges were inserted into the bottom board of each bee hive with the ridged side 

down. Underneath of the frames on the bottom board were covered with mesh wires which allow A.tumuda to 

enter and hide in the corrugations. The inserts were removed and adult beetles were collected from corrugates 

and transferred into sampling bottles. 

 

2.6. Testing for Bioassay 

Laboratory bioassay was tested against two major honeybee pests, V. destructors and Adult small hive beetles. 

The bioassay was tried on five V. destructors and five A.tumuda using fumigation techniques. Collection of 

dead and alive pests was carried out after24 and 48 hours during bioassay testing of plant extracts against both 

pests applying different concentrations of plants extracts. Toxicity effects was noted and recorded after 

application of each plant extracts. Bio pesticide effects activity of 6 plant extracts was performed using 

fumigation test on adult pests according to (Drummond et al., 1976). 

 

 
Figure 9. Bioassay Test on A.tumudain Petri dish 

 

Serial dilutions of plants extracts oils (70% and 100%) were prepared in distilled water. Anti pest effects of 

each dilution were tested by fumigating a group of 5 pests in a Petri dish containing 70-100% of the extracts. 

The experiment was performed in Petri dishes for the times. The mortality was recorded by counting dead and 

alive pests and the corrected mortality rate reported as the percent mortality rate as per Abotts (1925)   

 

Corrected Mortality=
%𝐓𝐫𝐞𝐚𝐭𝐞𝐝 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲 − %𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲

𝟏𝟎𝟎 − %𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐦𝐨𝐫𝐭𝐚𝐥𝐢𝐭𝐲
x100 
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2.7. Testing of honeybees safety 

Adult honeybees were kept at room temperature, without food to make them hungry. Each plant extracts were 

dissolved with distilled water to be tested. Each liquid sandwich was comprised 100% for each concentration of 

each extracts, 2 cages, each with 10 honeybees, were fed the liquid sandwiches. The bees were fed on control 

each time. During this time the numbers of dead bees were monitored within time intervals. 

 

2.8. Statistical analysis 

The experiments were conducted in petri dishes to test the efficacy of the plant extracts against small hive 

beetles and V. Destructors and safety of the extracts on honeybees. The effect was calculated according to 

Abbott (1925). The obtained results were submitted to ANOVA and the mean values were compared by 

Tukey’s test (P>0.05) using SPSS version 20. Mortality rate was calculated as; mortality is equals to after 

treatment the number of died pests divided by before treatment the number of mites times 100 percent.  

 

3. RESULTS and DISCUSSIONS 

 

A total of seven extracts from seven different medicinal plants were tested for efficacy against V.destructors 

whereas 6 plant extracts were used to test the efficacy on A.tumuda. The efficacy of plants extracts of E. 

globulus (leaves), C.aurea (leaves), O. basilicum (leaves), A. sativum (bulbs), C. citrates (leaves), M. 

piperitaand O. gratissimum (leaves) at a concentration of 25, 50 and 100 % against V.destructors were 

presented in (Table 2) while 70 and 100 % concentrations  of the extracts of E. globulus (leaves), C. auria 

(leaves), O. basilicum (leaves), A. sativum (bulbs),C. citratus (leaves) and O. gratissimum were tested against 

A.tumuda also presented in (Table 1). The result showed that C. citratus essential oil extract has pronounced 

effective followed by O.gratissimum and O. basilicum on A.tumuda. Efficacy of 70 and 100% concentration of 

both Ocimum plant species had no significant (p>0.05) difference against A.tumuda mortality rate. Mortalities 

of 66.7±17.6and 80.0±17.6percent were recorded against the beetles within 48 hours of exposure at a 

concentration of 70 and 100% C. citrates extract, respectively. Hundred percent V. destructors mortalities were 

recorded when exposed to 25, 70 and 100% of A.sativum, E.globulus and C.aurea after 24 hours. There is 

significant (p>0.05) difference among 25, 70 and 100 percent of C.citratus and O.basilicum but no significant 

difference from each other when C.aurea, A. sativum and E.globulus with the same doses were applied against 

V. destructors. 

 

3.1. Testing of effectiveness against honeybee pests and safety 

Laboratory bioassay was tested against V. destructors, small hive beetles and the safety on honeybees. Fumigant 

toxicity bioassay against V. destructors and honey bees (A. mellifera) for effectiveness and safety were tested 

using the plant extracts. The toxicity effect of the plant extracts on honeybees was seen by direct feeding, 

contact or fumigation. Three hours prior to each feeding trial, 10 adult bees for each treatment were sampled 

from healthy colonies and brought to the laboratory in cages. Comparative efficacy of the botanical extracts 

against small hive beetles andV. destructors is shown in Table 1 and Table 2, respectively. Safety of the plants 

extracts were also tested on honeybees (A. mellifera) as shown in Figure 4. 

 

3.1.1. Aethinatumuda 

The effect of the extracts was observed in time intervals on peststo observe the mortality rates and the result is 

shown in the following Table 1. 
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Table1. A.tumudamortality rate at different concentrations of plant extracts 

Treatment N 
Mean ± SE mortality rate at concentrations 

70%  100%  

Allium sativum 5 40.0±11.5bc 40.0±0.0c 

Eucalyptus globulus 5 60.0±0.0b 66.6±0.0bc 

Cymbopogoncitratus 5 66.7±17.6ab 80.0±17.6ab 

Ocimumgratissimum 5 100.0±0.0a 100.0±0.0a 

Ocimumbasilicum 5 100.0±0.0a 100.0±0.0a 

Calpurnia aurea 5 20.0±0.0cd 40.0±0.0c 

Hexane (standard control) 5 100.0±0.0a 100.0±0.0a 

Water (negative control) 5 0.00±0.0d 0.00±0.0d 

Means with the same alphabets down the column are not significantly different from each other using Tukey at 

p= 0.05. 

 

The result indicates that both O.basilicum and O.gratissimum had caused highly significant (100 ± 0.0) effect 

against A.tumuda as that of standard chemical (hexane). This two plant species extracts are showed effective to 

cause A.tumuda mortality at both 70 % and 100% concentrations. This result is in line with the fact that 

Ocimum plant extracts are known for their medicinal purpose for different diseases and pest controls as 

indicated in some literatures (Pitan et al., 2015).  However, C.aurea oil extract is not significantly (40.0±0.0) 

caused A.tumuda mortality as related to negative control (water), indicating the least effective on the beetles. In 

other way, C.citrates and E.globulus were showed relatively significant effect on as compared to the negative 

control. Both Ocimum species extracts are endorsed for forthcoming bio-pesticide development against 

A.tumuda control. Leaves extracts of O.gratissimum and O.basilicum caused 100±0.00 percent mortality after 

application of 70% dose of plant extracts while E.globulus and C.citratus leaf extract killed 66.67±17.64 to 

80±0.00 percent of A.tumuda after application in 48 hours as mentioned (Table 1). Pitan and Co-workers 

mentioned that n-hexane extracts of O.gratissimum caused 100 percent mortality of insects within six hours 

which shown rapid action of the plant extracts and situations it to play with synthetic pesticides that are highly 

favoured because of their quick action among others. A.sativum and C.aurea leaves extracts proved less 

effective against A.tumuda. Pitan and co-workers stated that O.gratissimum has ability to repel and encourage 

mortality in A. tumida. The insecticidal activities of plant extracts have been reported by many authors. The 

highest mortality of A.tumuda was recorded after 100 percent application of O.gratissimum which is similar to 

findings of Pitan and Co-workers (Pitan et. al., 2015). 

 

3.1.2. Varroa destructors 

Testing of laboratory bioassay was carried out on V. destructors using different concentration of different plant 

extracts. For this purpose, five V. destructors were collected from honey bees (A.melifera). These extracts were 

dissolved in water to obtain the required concentrations. Different concentration levels of botanical extracts 

applied on the mites were 25%, 50% and 100%. The effect of the extracts was observed during 24hour with 

three replications and the result is shown in Table 2.Results of this study revealed that A.sativum, E.globulus 

and C.aurea extracts caused high percent mortality (100±0.00) of Varroa destructors after 24 hours when 

50%concentrations of extracts application. C.citratus leave extract caused high percent mortality 

(100.00±0.00)of the mite population after 100 percent plant extract concentration application in 24 hour 
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intervals. M.piperita (93.33±6.67), O.gratissimum (86.67±6.67) and O.basilicum (80.00±0.00) leaf caused 

relatively less percent mortality after application on pests after the time interval of twenty four hours.V. 

destructors mortality rates increased as concentration and exposure time increased. 

 

Table 2.V. destructors mortality rate at different concentrations of plants extracts 

Treatment N 
Mean ± SE mortality rate at concentration level 

25%  50%                 100% 

Allium sativum  5 46.67±26.67b 100.00±0.00a100.00±0.00a 

Eucalyptus globulus  5 83.67±6.3a 100.00±0.00a100.00±0.00a 

Cymbopogoncitratus  5 53.33±24.04b 56.67±13.33c100.00±0.00a 

Ocimumgratissimum  5 46.67±17.64b 85.00±2.90b86.67±6.67ab 

Ocimumbasilicum  5 33.33±6.67b 60.00±.00c80.00±0.00b 

Calpurnia aurea 

Menthapepirita 

 5 

 5 

100.00±0.00a 

80.00±0.00b 

100.00±0.00a100.00±0.00a 

80.00±0.00b93.33±6.67ab 

Hexane (standard control)  5 100.0±0.0a 100.0±0.00a              100.00±0.00a 

Water (negative control)  5 0.00±0.0c 0.00±0.00d   0.00±0.00c 

Means with the same alphabets down the column are not significantly different from each other using Tukey 

HSD at p=0.05.  

Different options for the control of V. destructors are necessary because of the rapid and widespread 

development of pesticides resistant mites and because of the potential for pollution of hive products by these 

agro-chemicals. Essential oils, and especially components of essential oils, may serve as alternatives or as aides 

to traditional management measures. In extensive screening tests, many oils show significant acaricidal activity. 

Some oils cause V. destructors mortality (Imdorf et.al, 1999). Efficacy of the botanical extracts of plants used in 

the experiment against V. destructors was C.aurea, E.globulus, A.sativum and C. citratus, M.piperita, 

O.gratissimum and O.basilicum in decreasing order. 

 

3.1.3. Toxicity effects on Apis Mellifera bees 

The % mortality of A.Mellifera treated with the plant extracts is depicted on Figure 4.  The bees treated with n-

hexane plant extracts died at 24 hours after application. The mortality effects of the plant extracts on the insects 

was significantly (P>0.05) different from the effect of n-hexane. The synthetic insecticide (n-hexane) and n-

hexane extract of all the plants caused 100% mortality of A.Mellifera24 hours after treatment. A.Mellifera was 

not killed by aqueous extract of all the plants at exposure periods. No A.Mellifera died in petri dishes treated 

with the 100% C.aurea and water. According to this result, C. aurea extract was the safest of all plant extracts 

while O.basilicum and C. citratusshown less mortality rate was recorded after application in 24 hours intervals. 

Present results also showed that the plant extracts such as M.piperita, A.sativumand E.globuluswere unsafe to 

honey bees at 100 percent doses after 24 hours’ time interval, respectively.The plants extracts oil safety in 

decreasing order is C.auria, O.basilicum, C.citratus, O.gratissimum, E.globulus, A. sativum and M.piperita.This 

result indicated that the safest and most effective plants species may be used to develop biopesticides to control 

pests of honeybees. 
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4. CONCLUSION and  RECOMMENDATION 

 

Plant extracts exhibited variable responses to A.tumuda and V. destructors population. A.sativum, E.globulus 

and C.aurea extracts caused highest percent mortality in V. destructors population after application of the 50 

percent concentrations of plants extracts while C. citrate extract killed the highest percent of the mites’ 

population after application of the highest dose of the extracts. M.piperita, O.gratissimum and O.basilicum leaf 

extracts caused higher mortality after application on V. destructors.The finding of this study implies that 

Ocimum plants species leaf extracts caused highest percent mortality of A.tumuda after application of 70 percent 

concentration of the plant extracts in 48 hours. A.sativum, E.globulus and C. aurea were screened as most 

effective plant species on V. destructors but among these plants C.aurea shown the safest of all extracted oils on 

honeybees. Therefore, the plant species can be developed as botanical pesticides to control target honeybee 

pests. The efficacy should be also checked on pests-infested larvae of honeybees. Identification of active 

components from the effective plants oils for the control of honeybees pests and safety to the pollinators should 

also be studied in the future research activity. 
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Abstract 

 

This study was conducted to determine nectar secretion dynamics, honey production potential and honeybee 

colony carrying capacity of one-hectare of C. macrostachyus, S. abyssinica, and D. torrida plants. Fifty flower 

heads per tree were randomly selected and nectar volume was measured. The nectar concentration was 

measured at the interval of one hour. Accordingly, the average nectar volume of 3.6 µl per flower in 24 hours, 

average nectar concentration of 25.1%, and6.67 kg of sugar per flower per season, 3.2 kg sugar per tree, 3.9 kg 

of honey per tree and honey per hectare, 3.9 kg were obtained for C. macrostachyus. The expected optimum 

number of bee colonies required to be placed in a hectare of C. macrostachyus forest were 24 honeybee 

colonies for traditional hives, 16 honeybee colonies for transitional hives and 9honeybee colonies for frame 

hives. The average nectar volume (µl) per flower in 24 hours, average nectar concentration and amount of 

sugar per flower/season, sugar amount per tree, honey production per tree and per hectare for S. abyssinica 

were 11.6, 25.6%, 17.78 kg, 8.85 kg, 10.79 kg, 1791 kg respectively. The expected optimum no. of bee colonies 

required to be placed in hectare of S.abyssinica forest were 56 honeybee colonies for traditional hives, 

36honeybee colonies for transitional hives and 20honeybee colonies for frame hives. On the other hand, the 

average nectar volume (µl) per flower in 24 hours, average nectar concentration and amount of sugar per 

flower/season, sugar amount per tree, honey yield per tree and per hectare for D. torrida were 5, 26.2%, 14.3 

kg, 0.94 kg, 1.2 kg and 300 kg respectively.  Accordingly, the expected optimum number of bee colonies 

required to be placed in hectare of D. torrida forest were 9 honeybee colonies for traditional hives, 6honeybee 

colonies for transitional hives and 3honeybee colonies for frame hives.  Based on this finding monofloral honey 

can be produced from S. abyssinica and C. macrostachyus at areas where they are abundantly found. 

Therefore, planting and conserving these species is recommended for sustainable honey production and 

environmental conservation. 

 

Keywords: Nectar, honey, sugar amount, nectar concentration 

 

Introduction 

 

Honeybee plants are those plant species that are visited by and provide food in the form of nectar and/or pollen 

for honeybees. The contribution of honeybee plant species to honey production depends on the nectar quality 

and quantity, which is mainly governed by biotic and abiotic factors (Nuruet al., 2017). Moreover, not all bee 

plants are equally important to bees and honey production. In this regard only about 16% of the world’s bee 

plants are sources of honey (Crane, 1990). This indicates that for every geographical region there are very few 

plants which are important for honey production. Characterization of these honeybee plants according to their 

degree of importance for honey productionhas aparamount importance. 

Many authors determined honey production potential for a few honeybee plants, based on their nectar secretion 

dynamics, volume and sugar concentration. For instance,Crane et al. (1984) determined forTilia spp (lime),Kim 
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et al. (2011) for Crataegus pinnatifida Bunge (Chinese hawthorn) and Nuru et al. (2012)for Ziziphus spina-

christi. Determination of honey production potential of honeybee plants is very important to estimate honeybee 

colony carrying capacity of a given area without negatively affecting honey production potential of individual 

colonies(Ahmed et al., 2016). 

 

Ethiopia has suitable environmental conditions for the existence of diversified bee flora resources. However, in 

Ethiopia honey production potential has not been determined for many honeybee plants in general and 

particularly for Schefflera abyssinica, Croton macrostachyus and Dombeya torrida. These plant species are the 

major honey sources in Ethiopia. Schefflera abyssinica is one of the most important honey producing plants 

distributed in the southern east and southwestern parts of the country (Admassu et al., 2014). It flowers from 

March to May and known by producing ample nectar, but little pollen (Tura and Admassu, 2018).The flower 

produces light to pure white honey and finely granulated which fetches the best prices in local and international 

markets.  

On the other hand, Croton macrostachyusis a very important honey plants flowering from April to July (Tura 

and Admassu, 2018). Its flowering phenology makes the species the most important in ensuring sustainable 

honey production in areas where the species dominates. The flower is important source of honey producing both 

pollen and nectar for longer time which are collected by honeybees to build colonies and to produce surplus 

honey (Fitchl and Admassu, 1994). The showy creamy-white flowers, together with their fragrance, are 

attractive to honeybeesfor them to produce an aromatic and brownish honey from it (Admassu et al., 

2014).Similarly, Dombeya torrida of the evergreen woodlands is known a fast growing and major honey source, 

Honey from the flowers of this plant is white in color with strong flavor (Admassu et al., 2014). The plant is 

widely planted in home-gardens and as agroforestry trees, characterized by fast growth reaching flowering stage 

within three years (Admassu et al., 2014).However, honey production potential of this species has not yet been 

studied. Therefore, the main objective of this study was to determine the nectar secretion dynamics, honey 

production potentiality and honeybee colony carrying capacity of C. macrostachyus, S. abyssinica, and D. 

torridaplants. 

 

Materials and Methods 

 

Study sites and species description 

Data collection areaswere Gera, Gomma, Omanadda and Waliso districts for Croton macrostachyus; Munessa, 

Challiya and Gera districts for Schefflera abyssinica;Raffisa Alanga, Sekondo and Gedo forest for Dombeya 

torrida.These species were selected based on their honey production potential and flower accessibility to collect 

nectar using micropipette. From each district the sites were purposively selected based on abundance of the 

species.  

 

Phenology 

For the phenology study, observations were made on three trees from each species.Five flower buds per trees (a 

total of 15buds)were labeled, and the timing of anther dehiscence and nectar secretion were observed and 

recorded. 

 

Number of flowers per tree 

Twenty-four (24) productive trees (small, medium and big) with massive flowers were selected randomly to 

determine the average number of flower heads per plants. Main branches of the tree were counted. Three 
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branches (big, medium and small) from each plant were selected purposively to count the number of 

inflorescences per branch. Ten inflorescences per selected branch were taken and numbers of flower heads per 

inflorescence were counted. The number of flower heads per tree was calculated as: Total tree branches * 

average number of inflorescences per branch*average number of flower heads per inflorescence (Nuru et al., 

2017). 

 
Fig.1: When flowers were counted per tree, nectar volume& nectar concentration measured in the field 

 

Nectar volume and concentration measurement 

For nectar measurement, five inflorescences were covered with fine mesh bags (40 x 40 cm) on different part of 

the tree one day before nectar volume measuring (Farkas and Orosz-Kovacs, 2003). Flowers were marked at 

random from different inflorescence whorls (Wyatt et al., 1992) and a total of six plants from each species were 

selected per site for nectar measurement. To measure nectar volume, fifty flower heads per tree were randomly 

taken and all nectar from the flowers was sacked for each species at the start of nectar secretion up to the end at 

different times of the days using the micropipette. A total of 900 flower heads were used to get the average 

nectar yield per flower head. The volume of nectar produced in 24 hours was determined directly upon 

sampling the flowers. The nectar concentration as total soluble solids (TSS) was determined immediately using 

digital refractometers within the interval of one hour from 8:00AM-18:00PM. Moreover, to determine nectar 

productivity, the nectar amount (in mg) secreted throughout the lifetime of an individual, 5 flowers were 

isolated and measured daily from the beginning to the end of nectar secretion. This is used to get duration of 

nectar secretion of the species. 

 

Determination of sugar amount in nectar per flower 

The mean amount of sugar found in nectar was calculated from the volume and concentration of the nectar. The 

readings in most refractometers are in sucrose equivalents expressed as milligrams of sugar per 100 mg of 

solution. They can be converted to milligrams of sugar per flower by converting the measured sucrose 

equivalent to g/liter and multiplying this value by the nectar volume (Bolten et al., 1979). The conversion of 

sucrose concentration to density was done using Pry-jones and Corbet (1987) equation and the amount of sugar 

was calculated using Dafni (1992) equation. 

The honey production potential was estimated by multiplying the mean number of flower heads per plant by the 

mean amount of nectar sugar per flower. The average amount of honey that can be obtained from a single tree 

was estimated from the average number of flowers per tree and the average mass of sugar perflower, following 

procedures similar to those of Dafni (1992), Masierowska (2003) and Kimet al. (2011).These data were used to 

estimate the honey production potential per plant and to further extrapolate the honey production potential per 

hectare for each species. Estimation of the number of plants per hectare was based on the land area required per 

plant species using canopy coverage. 
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Determination of optimum honeybee colony carrying  

The optimum number of traditional, intermediate and modern hives for the given area was estimated as follows: 

 

Optimum number of traditional hives =Expected honey yield per a given area divided by honey yield of 

maximum traditional hive *2  

Optimum number of intermediate hives =Expected honey yield per a given area divided by honey yield of 

well managedintermediate hives *2 

Optimum number of Modern hives =Expected honey yield per a given area divided by honey yield of well 

managedmodern hives *2 (Ahmedet al., 2016). 

The rationality behind dividing the honey productivity potential by two is to consider the assumption that for 

every 1 kg of harvestable honey, bee colonies may consume 1 kg of honey to fulfill nutrient requirements of 

maintenance and reproduction (Chaudhary, 2009). 

 

Data analysis 

Finally, the data were analyzed using One-way ANOVA and linear regression model using R software. Prior to 

analysis, homogeneity of the variances of the data was checked using Levene tests.  

 

Results and Discussions 

 

Number of inflorescence and flower heads for C. macrostachyus 

The result of the study showed that the mean number of inflorescence per branch of C. macrostachyus was 

significantly different (p<0.05) among the districts. The highest mean value was recorded in Gomma district 

while it was the lowest in Waliso District. On the other hand, the mean number of flower heads per 

inflorescence was the lowest (p<0.05) in Waliso District compared to Omonadda and Gomma districts which 

have the highest mean number of flower heads per inflorescence. This may be due to the age of the plants. 

Mean number of flower heads per tree were no significant differently (p<0.05) among the study districts (Table 

1). 

 

Table 1: Numbers of inflorescence per branch, flower heads per inflorescence, and flower heads per tree for C. 

Macrostachyus in four districts (Mean+ SE). 

District 
No. of inflorescence 

per branch 

No. of flower heads per 

inflorescence 
No.  of flower heads per tree 

Gera 272 + 12. 0ab 214 + 7.0ab 530279+ 99311.6a 

Gomma 316 +15.4a 219 + 11.4a 604729 + 93058a 

Omonadda 281 + 23.3ab 250 + 12.4a 464944+ 84797.5a 

Waliso 248 + 10.6b 180 + 4.3b 318459+ 49185.9a 

Note: different letters within a column show significant differences(p<0.05) 

 

Nectar volume of Croton macrostachyus 

Mean nectar volume of C. macrostachyus was significantly different (p<0.05) among study districts. Mean 

nectar volume per flower head was highest at Omonadda and lowest at Gera Districts. Mean nectar 
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concentration didn’t show significant differences (p<0.05) among the study districts (Table 2). Many authors 

(Macukanovic et al., 2004; Dafni, 1992; Bolten et al., 1979) have been reported that the causes of intra specific 

variability in nectar production in different plant species are due to differences  among flowers on the same 

plant specifically, flower position on stem, exposure to ambient microclimate; daily and seasonal variations 

weather may cause shifts in the pattern of nectar characteristics. Moreover, morphological and phenological 

characteristics of flower,  large   flower may secrete more nectar that smaller ones at intra and inter specific 

levels, the flower phenological stage (protandry, protogyny, ageing) influences nectar production; experimental 

manipulations: nectar extraction may enhance or reduce subsequent secretion rates, re-absorption of nectar may 

elevate the apparent secretion rate in repeated nectar removals, potted plants (in experimental plots, 

greenhouses, or growth chambers’ may differ in nectar production from plants in natural conditions, cut flowers 

generally produce less nectar than flowers on the parent plant, microclimate around or inside the flowers 

covered plants influences nectar secretion and nectar characteristics. 

 

Table 2: Nectar volume(µl) in 24 hours per flower head and nectar concentration (%)of Croton Macrostachyus 

in four districts (Mean+ SE). 

District Nectar volume  nectar concentration %  

Omonadda 4.5+  0.12a 25.13 +  1.2a 

Gomma 3.8+ 0.11b 25.3 + 1.1a 

Waliso 3.3+ 0.08c 25.1 + 0.9a 

Gera 2.80+ 0.06d 24.75 +  1.19a 

Note: different letters within column show significant differences (p<0.05) 

 

Effect of temperature on nectar volume and concentration of C. macrostachyus 

As shown in figure 2, nectar volume of C. macrostachyus was negatively correlated with temperature. These 

implied that when temperature increased, the nectar volume decreased. On the other hand, nectar concentration 

has strong and direct relationship with temperature. The study conducted by Corbet(1990), and Jakobsen and 

Kristjansson (1994) indicated that nectar secretion rate is affected by temperature. A study conducted by Nuruet 

al. (2012) on Ziziphus spina-christi has also indicated positive correlation between temperature and nectar 

concentration.  

 
Figure 2: Relationship between temperature and nectar volume and concentrations of C. macrostachyus 
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The mean nectar concentration was significantly lowest (p<0.05) at 8:00 AM compared to at 2:00 and 3:00 PM. 

After 3:00 PM, the viscosity of nectar became completely dry and could not be measured. Crystallization of the 

nectar on the surface of the flower could negatively affect the efficient collection of nectar by legitimate 

pollinators including honeybees (Nuru et al., 2012).Accordingly, in high temperatures and low humidity, the 

amount of nectar available to bees and also the amount of honey that can be obtained would be below the 

estimated nectar production potential of the plant (Nuru et al., 2012).On the other hand, the highest mean 

volume of nectar was measured at 8:00 AM while the lowest was recorded at 3:00 PM. The mean amount of 

sugar in nectar per flower was significantly different (p<0.05) being the highest at 10:00 AM and lowest after 

2:00 PM (Table 3). 

 

Table3: Nectar concentration, nectar volume and amount of sugar in nectar per flower of C.macrostachyus 

during different hours of a day(Mean + SE) 

Time (hr) 

Mean nectar concentration 

(%)  

Mean nectar volume 

(µl)  
Mean amount of sugar(mg) 

8:00 20.75 + 0.48f 8.8 + 0.37a 1.3+ 0.15abc 

9:00 21.88 + 0.13ef 7.6 + 0.24b 1.6+ 0.11ab 

10.00 23.25 +0.48de 5.5 + 0.2c 1.7+ 0.24a 

11.00 24.38 + 0.24cd 4.1 +  0.13d 1.0+ 0.03bcd 

12.00 25.38 + 0.24c 2.5 + 0.27e 0.7 + 0.06cd 

13.00 27.00+ 0.4b 1.6 + 0.25ef 0.8+ 0.19cd 

14.00 29.25 + 0.25a 0.9 + 0.08f 0.6+ 0.07d 

15.00 28.63 + 0.24a 0.6 + 0.03f 0.6+ 0.07d 

Note: different letters within columns show significant differences 

 

Honey production potential of Croton macrostachyus 

Croton trees have large crowns that hold huge number of small flowers per tree. The massive branches of C. 

macrostachyus are used by the beekeepers to hang many traditional beehives both in the forest and at the 

backyard. The observed average branches per tree were 8. The average inflorescences per branch and flower 

heads per inflorescence were 280 and 216, respectively. The average number of flower heads per tree 

were483840. Since the mean amount of sugar per flower in one life cycle of the tree was 6.67±4.0 mg (range 

1.99 -15 mg), the average mass of sugar produced per tree was about 3.2 kg (range 0.96 -7.26 kg). 

 

Given that 1 kg of honey with 18% moisture content (wt/wt) contains 820 g total dissolved sugar, the mean 

mass of sugar produced by a single tree of C. macrostachyuswas3.2kg which is estimated to produce 3.9 kg of 

honey (range 1.17–8.85 kg). Based on the canopy coverage, the land area required per C.macrostachyus tree is 

about 50 m2 considering the required spacing between trees. The total number of C.macrostachyus trees per 

hectare of land was about 200 individuals. Therefore, under ideal conditions, the estimated  average honey 

production potential per hectare of Croton forest area per flowering season would be about 780 kg (range 234 – 

1770kg).These values indicate the high potential of the plant for honey production. The actual amount of honey 

that can be obtained from the hive is estimated to be 390 kg/ha since it was expected that half of the produced 

honey is consumed by honeybees (Ahmad et al., 2016) and, all the nectar secreted may not be available to 

honey bees due to rapid crystallization. Study conducted on Ziziphus spina-christi in Saudi Arabia also 
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indicated that one Ziziphus tree is estimated to produce 3.6 kg of honey (range 2.2 -5.2 kg) which is equivalent 

to about 900 kg of honey/ha (range 550 - 1300 kg) (Nuru et al. (2012) and Acacia gerrardii (45 kg/tree/season) 

(Abdulaziz et al., 2015). 

 

Optimizing colony carrying capacity based on honey production potentiality of C. macrostachyus 

Honey yield of well managed honeybee colonies in traditional, transitional and frame hive in Ethiopia was 

reported to produce 16, 25 and 45 kg, respectively (Awraris et al., 2012; Mulubrihan, 2014). Therefore, the 

expected optimum number of bee colonies required to be placed in a hectare of C. macrostachyus forest were 

24 for traditional, 16 for transitional and 9 for frame hive. 

 

Schefflera abyssinica 

Mean number of inflorescences per branch of S. abyssinica was significantly different (p<0.05) among the 

study districts. The highest mean inflorescences per branch of S. Abyssinica were recorded at Gera District 

whereas the lowest was recorded at Munessa District. The mean number of flower heads per inflorescence 

didn’t show significant difference among the study districts. On the other hand, the mean number of flower 

heads per tree was significantly different (p<0.05) among the study districts. The highest mean number of 

flower heads per tree was recorded at Gera districts where as the lowest was recorded at Munessa and Challiya 

districts (Table 4). 

 

Table 4:Number of inflorescence per branch, flower heads per inflorescence and per tree for S. abyssinica in 

Gera, Munessa and Challiya districts(Mean + SE) 

District 

 

 

No. of inflorescence 

per branch  

No. of flower heads per 

inflorescence  

No.  of flower heads per 

tree  

Gera 294 + 26a 164 + 5.4a 676541+ 87918a 

Munessa 215 +  13 b 160 + 11.7a 399652+ 67213b 

Challiya 237 + 22ab 185+ 19.5a 417686+ 51031b 

Note: different letters in a column show significant differences(p<0.05) 

 

The mean nectar volume secreted in 24 hours per flower head and concentration of nectar per flower head were 

not significantly different(p<0.05) among the study districts (Table 5). 

 

Table5: Nectar volume in 24 hours per flower head and nectar concentration per flower head of S. abyssinica in 

the four districts (Mean+ SE) 

District Mean nectar volume in 24 hrs(µl)  
Mean nectar concentration (%) 

Gera 11.8+ 2a 26.1+1.0a 

Munessa 10.7+2.6a 25.5+0.8a 

Challiya 12.4+3.7a 25+ 0.97a 

Note: different letters in a column show significant differences 
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Nectar volume of S. abyssinica was positively correlated with temperature. But the effect of temperature on 

nectar volume of S. abyssinica was insignificant because R2 was very small. On the other hand, nectar 

concentration has strong and direct relationship with temperature (Figure 3). This implies that when temperature 

increased, the value of concentration is increased. Petanidou and Smets (1996) also reported that nectar volume 

and concentration in Thymus capitatus increased with temperature, but not over the whole range of the applied 

temperatures. Normally, the highest nectar yield is secreted at a particular temperature that differs from species 

to species (Petanidou and Smets, 1996). 

 
Figure3: Relationship of temperature and nectar volume and concentrations of S.abyssinica 

 

The mean nectar concentration and volume and were significantly different across times of days (p<0.05).The 

lowest mean nectar concentration was recorded at 12:00 PM and the highest nectar concentration recorded at 

15:00 and 16:00 PM. On the other hand, the highest mean of nectar volume was recorded at 14:00 and 

15:00PMwhile the lowest was at 12:00 and 17:00PM. The mean amount of sugar present in nectar was also 

significantly different across times of the day (p<0.05). The highest mean amount of sugar in nectar was 

recorded at 15:00 PM whereas; the lowest was recorded at 12:00 fi 17:00 PM(Table 6). 

 

Table 6: Nectar concentration, nectar volume and amount of sugar in nectar per flower of 

S.abyssinicaduring12:00 to 17:00 hours of the day (Mean + SE) 

Time (hour) Nectar concentration (%)  Nectar volume (µl)  
amount of sugar  in nectar 

per flower(mg) 

12.00 22.7 + 0.3c 4.7 + 0.33c 1 + 0.09c 

13.00 23.7 + 0.3bc 10.3 + 3.52ab 2.4 + 0.8bc 

14.00 25.7 + 0.3ab 18 + 3.21a 4.65 +  0.84ab 

15.00 27.7 + 0.33a 19.2 + 1.48a 5.2 + 0.42a 

16.00 28 + 0.6a 12.3 + 2.33ab 3.2 + 0.65abc 

17.00 25.7 + 1.2ab 5.3 + 0.6c 1.3 + 0.14c 

Note: different letters in a column show significant differences 
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Honey production potential of S.abyssinica 

S. abyssinica has large crowns that hold huge numbers of flowers per tree. The average number of flowers per 

tree was 497960. Since the mean amount of sugar per flower/season was17.78 ± 2.6 mg (range 4.8-36 mg), the 

average mass of sugar produced per tree was about 8.85kg (range 2.39 -17.9 kg). 

Given that 1 kg of honey with 18% moisture content (wt/wt) contains 820 g of total dissolved sugar, the mean 

mass of sugar produced by a single tree of S. abyssinica (8.85 kg) per season is estimated to produce 10.79 kg 

of honey (range 2.9 – 21.8 kg). Based on the canopy coverage the mean land area required per S. abyssinica tree 

is about 60 m2 Hence, considering the required spacing between trees, the total number of S. abyssinica trees 

per hectare of land is about 166. Therefore, under ideal conditions, the average honey production potential per 

hectare of S. abyssinica forest per flowering season would be about 1791 kg (range 481–3618.8 kg).The 

potential of the S. abyssinica for such a high sugar/honey production is mainly attributed to the richly branched 

and spreading nature of the crown, with a large canopy surface area. Schefflera tree’s potential for high nectar 

secretion could also be due to its flowering pattern. Under ideal environmental conditions, the estimated 

average amount of honey (1791 kg) that can be obtained per hectare of S. Abyssinica forest is better than the 

amount of honey yield reported per hectare for C. macrostachyus and other some annual crops and trees. Lime 

species (Tilia spp.) for example gave 90 to 1200 kghoney/ha (Crane et al., 1984), and Ziziphus spina-christi 

gave 550-1300 kg of honey/ha (Nuru et al., 2012). 

 

Optimum Colony carrying capacity of S. abyssinica 

Honey yield of well managed honeybee colonies in traditional, transitional and frame hive in Ethiopia was 

reported to produce 16 kg, 25 kg and 45 kg, respectively (Awraris et al., 2012;Mulubrihan, 2014). Therefore, 

the expected optimum number of bee colonies required to be placed in hectare of S. abyssinica forest were 56 

honeybee colonies for traditional hives, 36 honeybee colonies for transitional hives and 20 honeybee colonies 

for frame hives. The optimum expected number of honeybee colonies are varies from place to place depending 

on the current honey yield at a particular place. 

 

Dombeya torrida 

The mean number of inflorescences per branch, flower heads per inflorescence and flower heads per tree of D. 

torrida have no significant differences (P<0.05) among the study sites (Table 7). 

 

Table 7: Number of inflorescence per branch, flower heads per inflorescence and per tree for Dombeya torrida 

in Raffisa Alanga, Sekondo and Gedo forest(Mean + SE) 

Data collection 

site 

no. of inflorescence per 

branch  

no. of flower heads per 

inflorescence  
no.  of flower heads per tree  

Raffisa Alanga 232.3+ 58.7a 40.3 + 1.5a 68518+ 23948.4a 

Sekondo 126+ 3.2a 46.7 + 2.3a 46657.3+ 5717.5a 

Gedo forest 149.7 + 20.5a 42.7 + 3.3a 65386+9568.2a 

Note: different letters in a column show significant differences 

 

Mean nectar volume (µl) in 24 hours per flower head and nectar concentration (%) per flower head of D. 

torrida has no significant differences (p<0.05) among the data collection sites (Table 8). 
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Table 8: Mean nectar volume (µl) in 24 hours per flower head, nectar concentration (%) per flower head for D. 

torrida in Raffisa Alanga, Gedo site and Gedo forest ((Mean + SE) 

Site of data collection Mean nectar volume (µl)  Mean nectar concentration (%)  

Raffisa Alanga 6.2 + 1.2a 26.1 + 1.4a 

Sekondo 4.6 + 0.6a 26.3 + 1.5a 

Challiya forest 5.2 + 0.9a 26.3 + 1.35a 

Note: different letters in a column show significant differences 

 

Nectar volume of Dombeya torrida was positively correlated with temperature. But the effect of temperature on 

nectar volume of D. torrida was insignificant because R2 was very small. On the other hand,nectar 

concentration has a strong and direct relationship with temperature (Figure 4). 

 

 
Figure 4: Relationship of temperature with nectar volume and concentrations of D.torrida 

 

The highest mean of nectar volume was recorded at 9:00 and 10:00 AMwhile the lowest was at 8:00AM and 

12:00 PM. On the other hand, the mean nectar concentration was significantly different across times of days 

(p<0.05). The lowest mean nectar concentration was recorded at 8:00 AM and the highest at 9:00 AM to 12:00 

PM. The mean amount of sugar present in nectar was also significantly different across times of the day 

(p<0.05). The highest mean amount of sugar in nectar was recorded at 10:00 AM whereas; the lowest was 

recorded at 8:00 AM(Table 9). 

Nectar variability is determined by many traits related to each plant species (Galetto and Bernardello, 2005). 

These include nectar volume, concentration, production rate, composition, removal effects, flower age, as well 

as other extrinsic traits such as pollinators behavior, air temperature and humidity, and the presence of nectar 

robbers (Kayna et al., 2011; Galetto and Bernardello, 2004). Further, intra-plant variation in nectar sugar 

composition was also pointed out as an additional important source of variability (Herrera et al.,2006). 

 

Table 9:Mean Nectar volume, nectar concentration and amount of sugar in nectar per flower of D. torrida 

Time (hour) 
Average nectar 

volume (µl) + SE 

Average nectar concentration 

(%) + SE 

Average sugar amount per 

flower/1hr intervals 

8.00 3.3 + 0.5b 16.9 + 0.5b 0.7 + 0.2b 

9.00 8.1 + 1.0a 27.1 + 1.4a 1.8 + 0.4ab 
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10.00 8.9 + 1.5a 28.7 + 0.8a 2.2 + 0.5a 

11.00 5.9+ 0.6ab 29.7 + 0.9a 1.4 + 0.23ab 

12.00 2.4  + 0.2b 28.7 + 0.4a 1.1 + 0.2ab 

Note: different letters in a columnshow significant differences 

 

Honey production potential of Dombeya torrida 

D. torrida has large crowns that hold huge number of flowers per tree. The average number of flowers per tree 

was 65403. The average branch per tree was 9. The average inflorescences per branch and flower head per 

inflorescence was 169 and 43, respectively. Since the mean amount of sugar per flower/season was 14.3 ± 1.6 

mg (range 2.3-47 mg), the average mass of sugar produced per tree was about 0.94 kg (range 0.15 kg -3.1 kg). 

Given that 1 kg of honey with 18% moisture content (wt/wt) contains 820 g of total dissolved sugar, the mean 

mass of sugar produced by a single tree of D. torrida per season is estimated to be 1.2 kg of honey (range 0.18 – 

3.78 kg). Based on the canopy coverage the mean land area required per D. torrida tree is about 40 m2. 

Considering the required spacing between trees, the total number of D. torrida trees per hectare of land is about 

250. Therefore, under ideal conditions, the average honey production potential per hectare of Dombeya forest 

per flowering season would be about 300 kg (range 45 kg to 945 kg). Under ideal environmental conditions, the 

estimated average amount of honey (300 kg) that can be obtained per hectare from D. torrida forest areas is 

close to the amount of honey reported per hectare of Tilia spp. (90 to 1200 kg) (Crane et al., 1984) and Ziziphus 

spina-christi (550-1300 kg) (Nuru et al., 2012). 

 

Optimum Colony carrying capacity of D. torrida 

Honey yield of well managed honeybee colonies in traditional, transitional and frame hive in Ethiopia was 

reported to produce 16 kg, 25 kg and 45 kg, respectively (Awraris et al., 2012;Mulubrihan, 2014). Therefore, 

the expected optimum number of bee colonies required to be placed in hectare of D. torrida forest were 9 

honeybee colonies for traditional hives, 6 honeybee colonies for transitional hives and 3 honeybee colonies for 

frame hives. 

 

Conclusion and recommendation 

 

From this study S. abyssinica, C. macrostachyus and D. torrida are high producers of nectar and significantly 

contributed to honey production. Temperature has no significant effect on nectar volume of S.abyssinica and D. 

torrida but has  significant effect on C. macrostachyus. The study indicated that the effect of temperature on 

nectar volume and concentration is varied from species to species. In addition to this, nectar secretion time was 

varied from species to species.  Depending on the estimated number of plants per hectare ofland, and also 

assuming that 18% of honey is water, a minimum of 780 kg, 1791 kg and 300 kg honey/hectare could be 

obtained from C. macrostachyus, S. abyssinica and D. torrida, respectively. The honey production potential of 

S. abyssinica per hectare was better than that of C. macrostachyus and D. torrida. S. abyssinica hold the 

maximum colony carrying capacity than C. macrostachyus and D. torrida. Due to their high potential 

monofloral honey can be produced from the two species (S. abyssinica and C. macrostachyus) where ever they 

are abundantly found. Therefore, planting and conservation of these species is also recommended for 

sustainable honey production and environmental conservation. Determination of honey production potential 

should also be done for other major bee forage plants. 

 



174 

 

References 

 

Abdulaziz S. A., Awad M. A. and Ayman A.O. (2015). Evaluation of Acacia Gerrardii. (Fabaceae: 

Mimosoideae) as a Honey Plant under Extremely Hot-Dry Conditions: Flowering Phenology, Nectar 

Yield and Honey Potentiality. The Journal of Animal & Plant Sciences, 25(6): 1667-1674. 

Admassu A., Kibebew W., Amsalu B. andEnsermu K. (2014). Honeybee forages of Ethiopia. Addis Ababa: 

United Printers. 

Ahmed A., Nuru A., Awraris G. and Yilma T. (2016). New approach for determination of an optimum 

honeybee colony’s carrying capacity based on productivity and nectar secretion potential of bee forage 

species. Saudi Journal of Biological Sciences (2016) 23, 92–100. 

Awraris G. S., Yemisrach G., Dejen A., Nuru A., Gebeyehu G. and Workneh A. (2012). Honey production 

systems (Apis mellifera L.) in Kaffa, Sheka and Bench-Maji zones of Ethiopia. Journal of Agricultural 

Extension and Rural Development, 4(19): 528-541. 

Bolten A.B., Feinsinger P., Baker H.G. and Baker I.(1979). On the calculation of sugar concentration in flower 

nectar.  Oecologia, 41(3):301-304. 

Chaudhary G.N. (2009). The economics of honey production in Alberta. 

Corbet S.A. (1990). Pollination and the weather. Israel Journal of  Botany, 39: 13-30. 

Crane E., Walker P. and Day R. (1984). Directory of Important World Honey Sources. International Bee 

Research Association, London, pp. 384.  

Crane E. (1990). Bees and beekeeping: science, practice and world resources. London: Heinnmann Newness.  

Dafni A. (1992). Pollination Ecology: A practical approach (Rickwood D. and Hames B.D (eds.)).  Oxford 

University Press, Oxford New York, Tokyo. 

Farkas and Orosz-Kovacs, (2003). Nectar secretion dynamics of Hungarian local pear. cultivars.Plant Syst. 

Evol. 238: 57–67. 

Fichtl R. and Addi A. (1994). Honey bee flora of Ethiopia .The National Herbarium, Addis Ababa University 

and Deutscher Entwicklungsdieenst (DED). Germany: Mergaf Verlag. 

Galetto L. and Bernardello G. (2004). Floral nectaries, nectar production dynamics and chemical composition in 

six Ipomoea species (Convolvulaceae) in relation to pollinators. Ann Bot, 94:269–280. 

Galetto L. and Bernardello G. (2005). Nectar. In: Dafni A, Kevan P, Husband BC (eds.) Practical pollination 

biology. Enviro quest Ontario, pp 261–313. 

Herrera C.M., Perez R., Alonso C. (2006). Extreme interplant variation in nectar sugar composition in an insect-

pollinated perennial herb. American Journal of Botany 93: 575–581. 

Jakobsen H.B. and Kristjansson K. (1994). Influence of temperature and floret age on nectar secretion in 

Trifolium repens L. Annals of Botany,74: 327-334. 

Kayna A., Marlies S., and Leonardo G. (2011). Nectar production dynamics and sugar composition in two 

Mucuna species (Leguminosae, Faboideae) with different specialized pollinators. Naturwissenschaften, 

98:933–942. 

Kim M. S., Kim S. H., Han J., Kang M. S. and Park Y. K. (2011). Honeybee visit and nectar secretion 

characteristics of the Chinese Hawthorn Crataegus pinnatifida Bunge. J. Apic., of Korea, 26(1): 11-14. 

Macukanovic M., Duletic S. and Jocic G. (2004). Nectar production in three melliferous species of Lamiaceae 

in natural and experimental conditions. Acta Vet.  Beograd, 54(5-6): 475-487. 

Masierowska M. L. (2003). Floral nectaries and nectar production in brown mustard (Brassica juncea) and 

white mustard (Sinapis alba) (Brassicaceae) Plant Syst. Evol., 238:97-107. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bolten%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=28309767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feinsinger%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28309767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=28309767
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28309767


175 

 

Mulubrihan B. T. (2014). Assessment of Honey Quality Gap: The Case of Smallholder Farmers of Sheka Zone, 

Anderacha District, Southwestern Ethiopia. MSc thesis, Wageningen University, Netherlands.   

Nuru A., Awad M. A., Ahmad A. A., Abdulaziz S. A. and Sarah E. R. (2012). Nectar of Ziziphus Spina-Christi 

(L.) Willd (Rhamnaceae): Dynamics of Secretion and Potential for Honey Production. Journal of 

Apicultural Science, 56 (2): 49-58.  

Nuru A., Ahmed, A., Yilma, T., Awraris, G., Awad, M., Mohammad, J., Ayman, A., Seif Eldin, A., and 

Abdulaziz S. (2017). Nectar secretion dynamics and honey production potentials of some major honey 

plants in Saudi Arabia. Saudi Journal of Biological Sciences, 24, 180-191.  

Petanidou T. and Smets E. (1996). Does temperature stress induce nectar secretion in Mediterranean plants? 

New Phytol.133:513 - 518.  

Pryˆs-Jones O.E. and Corbet S.A. (1987) Bumblebees. The Richmond Publishing Company Ltd, Slough. 

Tura B.and Admassu A. (2018). Honeybee flora resources of Guji Zone, Ethiopia. J Biol Agric Healthcare 8 

(21): 1-9.  

WyattR.,Steven B., BroylesG., andDerda S. (1992).Environmental influences on nectar production in 

milkweeds (Asclepias syrica and A. exaltata)Am. J. Bot. 79: 636–642. 

  

https://bsapubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wyatt%2C+Robert
https://bsapubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Broyles%2C+Steven+B
https://bsapubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Broyles%2C+Steven+B


176 

 

On farm demonstration of selected bee forage species in degraded communal watershed in West 

Shewa Zone 
 

Admassu Addi, Tolera Kumsa, Tura Bareke and Kasim Roba 

Oromia Agricultural Research Institute, Holeta Bee Research Center, Ethiopia 

`Corresponding author email: admassuaddi@gmail.com 

 

Abstract 

 

Land degradation, and nutrient depletion, has been a major ecological problem in conserving watershed which 

is negatively affecting household food security and biodiversity conservation. To overcome this number of 

interventions has been made including enclosures and planting of trees and shrubs for sustainable management 

of the watershed. In this study adaption trial was conducted in Toke-Kutaye district in west shoa zone. Nursery 

was established at Holeta Bee research Center using selected bee forage plants and seedlings of bee forages 

were raised following standard procedure for nursery management until planting. The survival rate of seedlings 

of different species ranges from 3.3% to 83.3% in both sites. The highest survival rate (83.3%) was recorded for 

Becium grandiflorum followed by Ekebergia capensis (70%) and the lowest for Cytisus proliferus (6.7%) at 

Metti site while at Tullu Lencha site the highest survival rate was recorded for B. grandiflorum 

(76.7%)followed by E. capensis (66.7%), Cordia africana (64%), C. citrinus (50)and the lowest was forCytisus 

proliferus (3.3%).Generally, B. grandiflorum, E. capensis, C. africana and C. citrinus were survived well in the 

watershed whereas the survival capacity was very low for C. proliferus. Therefore, further work should be 

promoted to integrate promising bee forages for honey production, environmental protection to reclaim 

watershed. 

 

Keywords: Bee forage, watershed, seedling, survival  

 

Introduction  

 

Achieving sustainable natural resource conservation and food security in developing countries are depending on 

availability of sufficient water and fertile land. However, the size of fertile land available for agriculture is 

decreasing due to land degradation which is caused by deforestation and inappropriate use and management of 

natural resources such forest, soil and water (Kindu and Zenebe,2008; Tesfa, 2017). In Ethiopia, unwise use of 

the forest resources for various purposes have resulted in decreased agricultural production and increased risks 

of catastrophic flooding, sedimentation and landslides (Habtamu, 2011). Understanding the above problem, the 

government of Ethiopia has committed to restore and rehabilitate watershed (Mulugeta and Kindu, 2013). 

Different watershed conservation measures have been taken including construction of physical structure like 

terraces, stone bunds, and planting of grass contours and other multipurpose trees and shrubs for increasing the 

productivity of agricultural production and biodiversity conservation (Turton, 2000).  

 

Planting of tree and shrub species having different use values such as bee forages, fruit trees, animal forages for 

watershed management which can be used for different development intervention (Tura et al., 2014) including, 

domestic energy consumption, eco–tourism and beekeeping production. Beekeeping supports watershed 

management through planting of different trees and shrub for nectar and pollen, significantly contributes for 

watershed management and sustainable honey production which can serve as incentive for watershed 
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communities (Tolera, 2014). There is lack of information of adaptability of trees and shrubs related to 

beekeeping importance watershed. Since the adaption of bee forages are affected by different biophysical 

condition such as soil, topography and socioeconomic conditions (Tura et al. 2014; Tura et al., 2017). Thus 

testing the adaptability bee forage species   contributes for    sustainable honey production and environmental 

conservation. 

 

Screening of bee forages for honey and environmental protection has been conducted by Holeta Bee Research 

center and generated promising bee forage which includes Callistemon citrinus, Cytisus proliferus, Ekebergia 

capensis, Becium grandiflorum and Cordia africana are promising bee forage plants. These species are 

flowering plants and could greatly contribute to sustainable beekeeping production and watershed conservation 

(Fichtl and Admasu,1994 and Tura et al. 2017). Therefore, to obtain optimum benefit from beekeeping, 

conducting adaptation of promising multipurpose trees and shrubs are essential to increase honey production 

and mainlining watershed areas for long term utilization. Thus, the objective of this study was to test the 

adaptability of multi-purpose bee forages in degraded watershed areas in Toke Kutaye district and for future 

integration of beekeeping with watershed management for honey production.  

 

Material and method 

 

Description of the study area 

The study was conducted in west Shoa Zone, Toke Kutaye District at sites Metti and Tulu Lencha and it lies 

within 080°58N and 037°41E. These two sites were selected with the help of Toke Kutaye Livestock and fishy 

development and natural resource offices.  

 

FRG establishment and implementation processes 

For the purpose, three FRG were established and each FRG consists of 10 to 15 individuals. Gender 

participation was considered in establishing the FRGs which is the found to be the best approach to practice 

participatory technology demonstration and evaluation. The selection of FRG in communal watersheds was 

based on proximity to watershed areas and willingness of the farmer to participate in demonstration trial. 

Sensitization workshop was held after the establishment of FRGs to evaluate and document major challenges 

and constraints in bee forage seedling raising, planting and management. On this sensitization workshop, 

extension workers and responsible beekeeping experts of the respective kebeles was participated. During this 

process farmers were introduced to the objectives and expected outcomes of the adaption trial. Following the 

sensitization workshop training was provided to farmers, SMSs and DAs to speed up the adoption of the 

technology. The training comprises of importance of bee forage planting for watershed management, how to 

raise seedling, site preparation, potting, transplanting and tree nursery management practices. After completion 

of training a memorandum of agreement was signed between member of the FRG and Researchers and MOA 

and RD about responsibilities and duties for the effective execution of the demonstration activity.  

 

Bee forage plant selection 

The target species were selected and seeds were collected from matured mother trees and stored and dried until 

the planting was started (Table 1). 

 

Table 1. Potential bee forages identified based on station study at Holeta Bee research center   
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No. Botanical name Common name Food source habit 

1 Cytisus proliferus Treelucern  Nectar and pollen shrub 

2 Ekebergia capensis Sombo Nectar and pollen Tree 

3 Becium grandiflorum Tebebe Nectar Herb 

4 Cordia africana Wadessa/Wanza Pollen and nectar Tree 

5 Callistemon citrinus Bottle brush Nectar and pollen Tree/shrub 

 

Nursery establishment  

Nurseries were established at Holeta Bee research Center using selected bee forage plants. Mixture three soil 

namely,  local soil, forest soil and sand in the ration of 2:1:1was used  to raise the seedlings. The soils were 

sieved before mixing together in stated ratios and soil was moist enough to run freely into polythene tube and 

easily firmed to form the bottom of tube. The seeds were sown directly on polyphone tube 10 cm diameter and 

20 cm length. The watering was done early in the morning and late in the evening when it is necessary. Other 

management practices such as weeding, transplanting hoeing, and inspection of pest and disease were further 

carried out regularly when required. The hardening of seedlings towards planting season, one week before, was 

done.  

 

Planting of bee forage seedlings at field  

Before the distribution of seedlings to planting sites (Meti and Tulu Lencha) land was prepared, one month 

before planting. Before the commencement of planting, orientation and guidance were given for the target 

community on planting procedure to ensure that seedlings could be maintained. After that the seedlings were 

transported to Tulu Lencha and Meti sites for planting. Plant species such as Cytisus proliferus, Callistemon 

citrinus, Ekebergia capensis,Becium grandiflorum and Cordia africana were planted with a 1.5 m intra and 2 m 

inter row spacing.  Survival counts of the species were done every three months and seedlings survival was 

calculated based on number of seedlings survived divided by the total number of seedlings planted multiplied 

by 100. Data on number of trees planted and survived were collected in both Meti and Tulu Lencha sites. Types 

of woody bee plants species before and after planting intervention were recorded. The data analysis was made 

using t-test and descriptive analysis. 

 

Result and discussion 

 

Survival rate of seedling  

The survival percentages of trees planted in both watershed sites varied (Figure 1) depending on nature and 

management of seedling. The survival rate of seedlings of different species ranges from 3.3% to 83.3% in both 

sites. The highest survival rate (83.3%) was recorded for Becium grandiflorum followed by Ekebergia capensis 

(70%) and the lowest was recorded for Cytisus proliferus (6.7%) at Metti site while at Tullu Lencha site, the 

highest survival rate was recorded for B. grandiflorum (76.7%) followed by E. capensis (66.7%), Cordia 

africana (64%), C. citrinus (50) and the lowest was recorded for Cytisus proliferus (3.3%). 

The better performance of B. grandiflorum at both watershed sites is due to its adaptive capacity to grow on 

poor soil and degraded environment. Alemtsehay (2011) also reported that B. grandiflorum adapted and grew 

on eroded soils, particularly on rocky slopes and sandy ground in Gergera watershed in Tigray Region. On the 

other hand, the better performance of E. capensis at both watershed sites could be due to its wide spread 
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adaptation to different agro-ecologies of Ethiopia. C. africana and C. citrinus are survived very well in Tullu 

Lencha than Metti watershed site. Because, Metti site is found around river valley and during rainy season it 

was affected by floods whereas Tullu Lencha is on the top of mountain. 

 

Study conducted by Tessega (2009) in Burie District in Amhara Region also indicated that C. africana and E. 

capensis have high adaptive power in degraded watershed areas. The low survival capacity of C. proliferus 

(Treelucern) was due to its palatability for livestock and easily grazed by animals at the early stage of the 

growth. Similar reports have been made by Admassu et al. (2014) and Tura etal.(2017) that C. proliferus was 

introduced as animal forage and it is used as bee forage plants.  

 
Figure1. The survival rate of seedling of the plant species at Metti and Tullu Lencha sites 

 

Performance of planted bee forages at Meti and Tulu Lencha sites 

 The performances of planted bee forage plants have no significant differences (p<0.05) between the two sites. 

However, the seedling performance at Tulu Lencha is higher than that at Meti site with mean survival rates of 

52.2% and  40.4%, respectively (Table 2). The higher percentage of seedling at Tulu Lencha might be due to 

suitability of topographic condition such as slope, and moisture. This agrees with the findings of Houghton 

(2005) in which seedling performance was affected by moisture, soil nutrient availability, climate, topography 

and disturbance regime. 

 

Table 2. The mean survival rate of seedling between different sites 

Site Mean % of survival + SE    t-test p-value 

Metti 40.4 + 15.1a 
0.57 0.863 

Tullu Lencha 52.2 + 13a 

 

Species increment after planting intervention 

The mean number of bee forage planted before intervention in the watershed was 6 and 5 plant species in Tullu 

Lencha and Metti sites, respectively. The bee forage species number has increased 10 to 11 indicating the 
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species number has grown in both sites by two folds (Figure 2). Similarly, the percentage of species increment 

for Tullu Lencha and Metti sites were 83 and 100%,  respectively (Figure 3). This is due to planting 

intervention and conservation of the sites. 

 

 
Figure 2: Types of woody bee plant species in the watershed before and after intervention 

 

 
Figure 3: Percentage increment of types of woody bee plant species after planting   intervention in the 

watershed 

 

Lesson learnt from demonstration of bee forage  

Communities around watershed have developed awareness on the value of bee forage planting for conservation 

of the watershed.  

 

Constraints: Lack of fencing and seedling damage by the livestock are the major constraints in the area 

 

Conclusion and Recommendation 

The number of bee forage species can be increased in the watershed using plant intervention and conservation 

of the area. Accordingly, woody bee forage species number has increased in both sites by two folds. B. 

grandiflorum, E. capensis, C. africana and C. citrinus were survived well in the watershed whereas the survival 

capacity was very low for C. proliferus. The degraded soil might have an effect on the survival capacity of C. 

proliferus. Further work should be carried out to promote the species integration for honey production to 

reclaim the watershed.  
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Abstract   

 

Honey is defined as a naturally sweet mixture produced by bees (Apis mellifera). It is typical sugary foodstuff; 

according to present-day regulations, apart from other forms of honey no other or additives can be added to it. 

The aim of this study was to develop identification means of adulterated honey using chemical and physical 

analysis. Adulteration of honey was obtained by mixing and homogenizing major honey adulterants so far 

known like sugar, banana, “sheb”, molasses and water with different ratio.Moisture content, electrical 

conductivity, PH, ash, free acidity (FA)and Hydroxymehylfurfural of adulterated and pure honey were 

determined. The pure honey free acidity content is significantly different from adulterated honey in all 

treatments group (P<0.05).Highest FA content (458.33±1.66meq/kg) recorded in (honey: sugar: water: sheb) 

treatment. Adulteration affects the purity and quality properties of honey, by using the ash content, free acidity 

and electrical conductivity adulteration can be identified andcolor parameter is not recommended for 

identification of adulterated honey. 

 

Keywords:  adulteration, adulterant, chemical properties, honey 

 

1. INTRODUCTION 

 

Honey is defined as a naturally sweet mixture produced by bees (Apis mellifera) from the nectar of flowers, 

from secretions of parts of the living plants or excretions of plant-sucking insects on the living part of plants 

that the honey bees collect, transform and combine with specific substances of their own (such as enzymes), 

deposit, dehydrate, store and leave in the beeswax honeycombs to ripen and mature (Codex Alimentarius, 

2010). Various physical types (pressed, centrifuged and drained) and forms (comb, chunk, crystallized or 

granulated, creamed and heat-processed) of honey are on the market (Crane, 1990). According to the definition 

of the Codex Alimentarius and other international honey standards honey shall not have any added food 

ingredient than honey to it nor shall any particular constituent be removed from it.  

 

Adulteration usually refers to mixing other matters (substance(s) of an inferior and sometimes harmful quality 

with food or drink that contains naturally similar substance (Cordella, 2003; Pilizota and Tiban, 2009). 

Adulteration of honey with cheaper sweetening materials has been widely reported in various literatures (Martin 

et al., 1997). Honey adulteration appeared on the world market since 1970s when high-fructose corn syrup was 

introduced by the industry (Pilizota and Tiban, 2009).Recently honey is ranked third in the list of globally 

adulterated products (Zhou et al., 2018). Due to the superior nutritional and health value and unique flavor, 

natural honey is preferred by consumers; hence, the price of bee honey is much greater than other sweetening 

commodities, such as refined cane sugar and corn syrup. The high price of natural honey encourages workers in 

the honey industry, including beekeepers and merchants, to adulterate honey worldwide, which leads to 

deterioration of honey quality, but increases honey quantity that is sold at the same price of natural authentic 

honey (Mouazen and Al-Walaan, 2014). Other adulterating materials such as molasses inverted by acids or 
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enzymes from corn, sugar beet and syrups of natural origin such as maple (Pilizota and Tiban, 2009); banana, 

corn flour and materials like soil had been reported (Meseret and Taye, 2017).  

 

In Ethiopia also, honey adulteration has become a serious problem affecting both the local and the export 

market of the country (Gemechis, 2016). Problems of honey fraud negatively influence market growth by 

damaging consumer confidence (Cabañeroet al.2006). Recent report by (Meseret and Taye, 2017) indicated that 

about 60% of honey merchants claimed they bought adulterated honey, the major (about 69%) adulterant 

material being sugar though other materials were listed too. However, the study conducted before did not 

include the chemical analysis of adulterated and pure honey, except undertaking some observations of physical 

changes adulterated honey displays. However, to guarantee authenticity of honey and protect the consumer from 

commercial exploitation, the quality of honey must be controlled analytically (Mendes et al., 1998). The 

European Commission encourages the use of analytical methods to determine the authenticity of honeys 

(Morales et al., 2008). Therefore, this research work aims to characterize honey adulterated with different major 

adulterants based on specific physical properties and chemical compositions acquired with conventional 

analytical methods. 

 

MATERIALS and METHODS 

 

 2.1 Sample preparation 

The major known adulterant materials were prepared in different percent (ratios) with pure honey in laboratory. 

These major adulterant materials were identified previously (Meseret and Taye, 2017). The major adulterant 

materials identified in the country were commercial sugar, banana, molasses, sheb (shebeb). Three replicates 

were taken to determine the chemical properties of each adulterated honey samples. The analyses were 

conducted in Holeta Bee Research Center and the percentage of honey with major identified and known honey 

adulterants were prepared as follows. 

 

Table 1. Ratio of adulterants to honey  

Adulterants 

with honey 

Ratios of adulterants to honey (treatments) 

Honey: 

sugar  

0:1 1:1 1:2 2:1 1:0.5 5:1 10:1 20:1 

Honey: 

sugar : 

water: sheb 

4:4:1:0.1 2:2:0.5:0.1 3:4:1:0.1 5:2:0.5:0.15 4:2:0.5:0.25 1:2:0.5:0.25 2:2:0.5:0.3 2:1:1:0.4 

Honey: 

molasses  

0:1 1:1 2:1 1:2 1.5 5:1 10:1 20:1 

Honey: 

banana : 

molasses 

0:1:1 1:1:1 4:1:1 1:2:2 2:1:2 10:1:1 20:2:1  

Honey 

:sugar: 

banana  

0:1:1 1:1:1 0.25:0.25:1 0.5:1:1 0.25:1:1 1:0.5:1 10:1:1 20:1:1 

Honey : 

banana: 

0:1:2.5:0.5 2:1:2.5:0.5 1.:0.5:4:1 1:1:2:1 0.5:1:2:0.5 1:0.5:1.5:1 10:1:1:1 20:1:1:1 
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2.2. Physiochemical properties 

 

2.2.1. Color  

Colors of the pure and adulterated honey samples were measured using Pfund honey color grader (Koehler 

Bohemia. NY). Hundred grams (100 g) of adulterated honey was poured into the sample holder of the Pfund 

grader. Determination was based on the matching of the honey sample colors with the color indexes present in 

the glass Pfund grader. Color of pure honey was determined in the same way and compared with that of 

adulterated honey. 

 

2.2.2. Moisture 

Moisture content was determined using Abbe refractometer (ABBE- 5 Bellingham Stanley. Ltd, United 

Kingdom)at 20oC. Directly after homogenization of honey, the surface of the prism was evenly covered with the 

sample of honey and after 2 minutes the reading of the refractive index was recorded. Distilled water (1.3330) 

was used as a reference. The refractive index reading was converted to moisture content (g/100 g) using 

(AOAC, 1990). 

 

2.2.3. Hydroxymethylfurfural 

Hydroxymethylfurfural (HMF) content was determined using 6800 UV–Vis spectrophotometer (JENWAY, 

United Kingdom). Different reagents were prepared as follow:Carrez solution I was prepared by weighing 15g 

of potassium hexacyanoferrate (II), K4Fe (CN) 6•3H2O and dissolving it in water. Then, the solution was made 

up to 100 ml. Carrez solution II, 30g of zinc acetate, Zn(CH3.COO)2.2H2O  was diluted and made up to 100 ml., 

0.20 g of solid sodium hydrogen sulphite, NaHSO3, diluted to 100 ml. Carrez solution is clarification reagents 

to remove these interfering compounds from the analytes. Five gram (5g) of honey was weighed into a 50 ml 

beaker and dissolved the sample in 25 ml of water and transferred quantitatively into a 50 ml volumetric flask. 

A 0.5 ml of Carrez solution I was added with 0.5 ml of Carrez solution II, mixed well and made up to the mark 

with water and filtered through filter paper (general purpose); the first 10 ml of the filtrate was rejected. Five 

milliliters was pipetted in each of two 2 test tubes and 5 ml of water was added to one of the test tubes and 

mixed well (the sample solution). Five milliliters of sodium bisulphite solution, 0.2% was added to the second 

test tube and mixed well. By subtracting the absorbance measured at 284 nm for HMF in the honey sample 

solution against the absorbance of reference (the same honey solution treated with sodium bisulphite, 0.2%) at 

336 nm as described in harmonized  method (AOAC, 1990)method.HMF content of honey was calculated using 

the following equation: 

HMF in mg/kg honey = (A284- A336) x 149.7 x 5 x D/W 

 

Where A284= absorbance at 284 nm, A336= absorbance at 336 nm,Factor = 149.7= (126/1683) 

(1000/10)(1000/5),126 = molecular weight of HMF, 16,830 = molar absorptive of HMF at 284 nm, 

1000 = conversion of g into mg, 10 = conversion of 5 into 50 mL,1000 = conversion g honey into 1000 

g,5 = nominal sample weight, D= Dilution factor and W= weight ing of the honey sample 

 

2.3.4. Free acidity and pH 

Free acidity of honey is the content of all free acids, expressed in milli equivalents per kilogram honey (meq of 

acid/kg) was determined using pH meter (METTLER TOLEDO, CHINA) and titrating until pH value of 

molasses 
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8.3.Ten gram of honey sample was dissolved in 75 ml distilled water in 250 ml volumetric flask and the 

standardized 0.1M NaOH and the dissolved honey sample was titrated with standardized 0.1M NaOH to pH 8.3 

using pH glass electrode attached to pH meter as end point indicator. The pH value was determined by using 

glass electrode after calibration with standard buffer solution pH 4, 7 and 10 (AOAC, 1990) method. 

 

2.3.5. Ash 

Ten gram of the honey samples (m0) was weighed into a pre-weighed crucible (m2) and two drops of olive oil 

was added to the honey sample. Then, ash dish (m1) with honey was placed on hotplate to remove water from 

the honey atlow heat rising to 350 -4000 C and after the preliminary ashing, and the dish was placed in the 

preheated a muffle furnace at 600ºC until ashing complete (BioBase JKKZ .5.12GJ Muffle Furnace, 

Shandong.ldt, China) and was heated for 1 hour and the ash dish cooled down  in the desiccators(m1) and 

weighed as described in harmonized IHC(Bogdanov,2009).The proportion of ash (WA) in g/100g honey was 

calculated using the following formula:  

WA = (m1- m2)/m0)*100 

 

Where: m0 = weight of honey sample,m1 = weight of crucible with ash, m2 = weight of dish.  

 

2.3.6. Electrical conductivity 

The electrical conductivity of a solution of 20g dry matter of honey in 100 ml distilled water was measured 

using an electrical conductivity cell (BANTE Instrument- 520 conductive and temperature meter, China). A 

0.745g of potassium  chloride,was dried at 130°C, dissolved in freshly distilled water in a 100 ml flask and 

filled to volume with distilled water. Forty milliliters of the potassium chloride solution was transferred to a 

beaker and the conductivity cell connected to the conductivity meter, the cell was rinsed thoroughly with 

potassium chloride solution and immersed in the solution, together with a thermometer and reading of the 

electrical conductance of the solution in mS after the temperature equilibrated to 200C was taken as described in 

harmonized IHC (Bogdanov, 2009).The cell constant K, was calculated using the following formula: 

 

K=11.691x1/G 

 

Where: K=the cell constant in cm-1, G= the electrical conductance in mS, measured with the conductivity cell, 

11.691= the sum of the mean value of the electrical conductivity of freshly distilled water in mS.cm-1 

and the electrical conductivity of a 0.1M potassium chloride solution, at 20°C. 

 

3. RESULTS and DISCUSSIONS 

 

3.1. Color 

The color of honey is a useful parameter for the characterization of the product. Color is the single most 

important factor determining import and wholesale prices (Belay et al., 2015). The color of the honey  and  

sugar  adulteration, grouped as  dark to light amber, the adulterated honey   with the  sugar :water and sheb  

color  were  light amber, the  color of adulterated honey  from  honey  and molasses amber to  dark, adulterated 

honey  from honey :banana :  molasses  was found to  be  amber to dark  and  adulterated honey prepared from 

honey :sugar: banana  color found to be  white. The variation among the adulterated honey types was due to the 

adulterating material of the honey. The color of the honey samples from the various regions could not be the 
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single determinant of adulteration. honey samples from the various regions could not be the single 

determinant of adulteration. 

 

 

 

  

 

 

 

Figure1.Honey:sugar   Figure 2. Honey: molasses 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Honey: sugar: banana   Figure 4. Honey: banana: molasses 

 

 

 

 

 

 

 

 

 

 

Figure 5: Pure honey  Figure 6. Honey:  Sugar:  water: sheb (shebeb) 
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Table 2.Analytical results of honey samples adulterated with sugar, water and sheb by different ratio 

Different letters down column showed significant difference (p <0.05) 

 

Table 3. Test results of honey samples adulterated with molasses by different ratio 

Treatment  Parameters(mean ± SE) 

HMF(mg/kg) pH EC (mS/cm) FA(meq/kg) Ash (%) MC(%) 

Honey:molasses(0:1) 49.63±1.16c 5.80±0.00a 8.23±7.7ab 164.77±2.90a 4.65±4.4ab 7.27±1.23e 

Honey:molasses(1:1) 0.00±0.00e 5.59±0.05bc 8.52±1.85ab 107.00±5.13bc 4.81±1.06ab 14.31±1.81d 

Honey:molasses(2:1) 0.00±0.00e 5.38±0.09abc 6.98±5.4ab 86.00±9.00cd 3.93±3.13ab 19.83±0.72b 

Honey:molasses(1:2) 19.6±.10.1d 5.66±0.06ab 15.83±1.3a 127.33±2.66b 9.04±0.79a 14.63±0.39d 

Honey:molasses(1:5) 130.3±.88a 5.53±0.03abc 7.96±0.18ab 90.77±4.33c 4.49±0.46ab 14.35±0.08d 

Honey:molasses(5:1) 86.5±3.75b 4.58±0.59bc 9.10±2.14ab 64.77±.33de 5.15±1.23ab 19±0.00bc 

Honey:molasses (10:1) 0.00±0.00e 4.70±0.12bc 9.32±3.7ab 49.33±1.76ef 5.27±2.16ab 17.76±0.14bcd 

Honey:mollases(20:1) 0.00±0.00e 4.54±0.11c 1.31±0.40ab 40.00±5.03f 0.67±0.23b 24.16±0.29a 

Pure honey   9.96±0.12de 4.46±0.04c 0.69±0.02b 14.66±2.18 0.47±0.03b 16.02±0.26cd 

Ethiopian honey standard ≤40  ≤0.8  ≤40 ≤0.6 ≤21 

Different letters down column   showed significant difference (p <0.05) 

 

Treatment    Parameters  (mean ±SE) 

HMF (mg/kg) pH EC (mS/cm)   Ash (%) Free Acidity (meq/kg)  MC(%) 

Honey:sugar:water:sheb(4:4:1:0.1) 0.00±0.00d 3.25±0.16b 0.83±0.06b 0.39±0.03b 161.00±10.54b 14.5±0.00de 

Honey:sugar:water:sheb(2:2:0.5:0.1) 0.00±0.00d 3.24±0.13b 0.80±0.35b 0.38±0.20b 110.33±19.46b 14.0±0.28de 

Honey:sugar:water:sheb(3:4:1:0.1) 0.00±0.00d 3.39±0.15b 0.59±0.09b 0.25±0.05b 102.33±5.24b 13.0±0.28f 

Honey:sugar:water::sheb(5:2:0.5:0.15) 23±8.03b 3.26±0.15b 1.17±0.02ab 0.51±0.01ab 168.33±5.24b 14.9±0.10cd 

Honey:sugar:water:sheb(4:2:0.5:0.2) 35.7±8.20a 3.18±0.16b 1.33±0.09ab 0.68±0.05ab 212.33±6.22b 15.6±0.16bc 

Honey:sugar:water:sheb(1:2:0.5:0.25) 0.00±0.00d 3.03±0.05b 0.88±0.26b 0.42±0.14b 452.66±6.74a 14.4±0.21de 

Honey:sugar:water:sheb(2:2:0.5:0.3) 0.00±0.00d 3.26±0.11b 1.94±0.71a 1.03±0.40a 458.33±1.66 a 13.9±0.16ef 

Honey:sugar:water:sheb(2:1:1:0.4) 0.00±0.00d 3.27±0.12 b 1.09±0.38ab 0.54±0.21ab 252.33±112.3b 19.1±0.10a 

Pure honey   9.96± 0.12c 4.46±0.04 a 0.69±0.02b 0.47±0.03ab 14.66±2.18 c 16.02±0.26a 

Ethiopian honey standard ≤40  ≤0.8  ≤0.6 ≤40 ≤21 
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Table 4. Test results of honey samples adulterated with sugar and banana by different ratio 

Treatment   Parameters(mean±SE)  

 HMF (mg/kg) pH  Ash(%) EC(mS/cm)  FA (meq/kg) MC (%) 

Honey :sugar:banana(0:1:1) 0.00±0.00b 4.9±0.10ab 0.43±0.12ab 0.90±0.22ab 33.66±2.18ab 23.23±1.6bc 

Honey:sugar:banana(1:1:1) 0.00±0.00b 4.52±0.12bc 0.40±0.12ab 0.84±0.20ab 35.00±0.57ab 18.61±0.59de 

Honey:sugar:banana(0.25:0.25:1) 0.00±0.00b 4.50±0.17bc 0.36±0.14b 0.77±0.24b 41.66±4.84ab 24.8±0.86bc 

Honey:sugar:banana(0.5:1:1) 0.00±0.00b 5.30±0.18a 3.08±1.53 a 5.50±2.66 a 66.33±16.8a 38.27±0.14a 

Honey:sugar:banana(0.25:1:1) 0.00±0.00b 4.70±0.14ab 0.37±0.04b 0.79±0.07b 39.33±5.17 ab 19.45±0.93cd 

Honey:sugar:banana(1:0.5:1) 0.00±0.00b 4.57±0.13abc 0.52±.08ab 1.04±0.14ab 39.00±1.15ab 26.23±0.48b 

Honey:sugar:banana(10:1:1) 2.46±0.15b 4.03±0.21c 0.65±0.16ab 1.27±0.28 ab 28.66±0.88b 24.53±0.16bc 

Honay : sugar:banana(20:1:1) 5.53±0.28ab 4.05±0.18c 0.17±0.01b 0.43±0.01b 38.33±7.75ab 24.33±0.33cd 

Pure honey  9.96±0.12a 4.46±0.04bc 0.47±0.03b 0.69±0.02b 14.66±2.18b 16.02±0.02e 

Ethiopian honey standard ≤40  ≤0.6 ≤0.8  ≤40 ≤21 

Different letters down the column   showed significant difference (p <0.05) 

 

Table 5. Test results of honey samples adulterated with sugar 

Different letters down the column   showed significant difference (p <0.05) 

 

Treatment Parameters mean±SE 

 HMF (mg/kg) PH  Ash (%) EC(mS/cm)  FA (meq/kg) MC (%) 

Honey:sugar(1:1) 0.00±0.00b 3.21±0.02c 0.04±0.01b 0.19±0.01c 78.66±0.66a 13±0.28e 

Honey:sugar(2:4) 47.1±6.23a 3.74±0.03b 0.20±0.05b 0.48±0.10b 36.33±5.23b 13.5±0.29cd 

Honey:sugar(5:1) 0.00±0.00b 3.86±0.11b 0.17±0.02b 0.44±0.04b 32.00±4.16b 13.16±0.16e 

Honey:sugar(10:1) 1.36±1.36ab 4.04±0.14ab 0.22±0.02b 0.52±0.04ab 27.66±2.33bc 14.33±0.16bc 

Honey:sugar(20:1) 5.63±5.28ab 4.06±0.17ab 0.12±0.05b 0.35±0.11bc 28.66±2.40bc 15±0.00ab 

Pure honey  9.96±0.12b 4.46±0.04a 0.47±0.03a 0.69±0.02 a 14.66±2.18c 16.02±0.26a 

Ethiopian honey standard ≤40  ≤0.6 ≤0.8  ≤40 ≤21 
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Table 6. Test results of honey samples adulterated with banana and molasses 

Where SE is the standard deviation of each measurement values. EC is Electrical conductivity, HMF, Hydroxymethylfurfural, FA, Free Acidity 

and MC, Moisture Content. 

Different letters down the column showed significant difference (p <0.05) 

 

Treatment   

Parameters(mean ±SE) 

 HMF (mg/kg) pH  Ash (%) EC(mS/cm)  FA (meq/kg) MC (%) 

Honey:banana:molasses(0:1:1) 35.33±11.04a 5.64±0.06a 4.02±1.99ab 7.14±3.74ab 102.33±18.26 ab 58.6±2.7a 

Honey:banana:molasses(1:1:1) 0.00±0.00 b 5.42±0.07ab 2.69±1.01ab 4.82±1.75abc 78±5.68abcd 53.09±3.63a 

Honey:banana:molasses(4:1:1) 0.00±0.00b 5.19±0.07bc 1.05±0.05b 1.96±0.09bc 56±3.51bcde 37.83±3.58b 

Honey:banana:molasses(1:2:2) 0.00±0.00b 5.55±0.05ab 3.79±1.41ab 6.74±2.46abc 90.3±6.35abc 36.90±0.26b 

Honey:banana:molasses(2:1:2) 0.00±0.00b 5.58±0.12a 4.78±0.03a 8.47±2.33a 116.1±19.21a 23.93±1.79c 

Honey:banana:molasses(10:1:1 0.00±0.00b 4.95±0.04c 2.96±0.56ab 5.30±0.05abc 42.6±1.86cde 24.13±0.18c 

Honey:banana:molasses(20:2:1) 0.00±0.00c 4.56±0.11d 1.60±0.39ab 2.93±0.98abc 34.3±1.88de 9.54±0.44d 

Pure honey 9.96±0.12b 4.46±.04d 0.47±0.03b 0.69±0.02c 14.67±2.18e 16.02±0.26cd 

Ethiopian honey standard ≤40   ≤0.6 ≤0.8  ≤40  ≤21 
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3.2. Free Acidity 

Free acidity content  indicate the  freshness  of  the  honey  samples  and absence  of  unwanted  

fermentation  in  the  honey  sample. In tables the free acidity content increase when adulterating material 

ratio increase which means, the pure honey free acidity content is significantly different from adulterated 

honey with sugar, banana, molasses, sheb and water(P<0.05) as showed in (Table 2) indicate fermentation 

the honey and highest FA content observed in honey: sugar: water: sheb (2:2:0.5:0.3) 

treatment458.33±1.66 meq/kg of honey. Most of adulterated samples with the highest ratio of the 

adulterating material free acidity content were above limit set by CA, EU and Ethiopian standards. The 

maximum limit for free acid set by the CA is 50 meq/kg of honey, while the EU and Ethiopian standard is 

40 meq/kg of honey (Bogdanov, 2007). 

 

3.3. HMF content 

The result of this study showed that there is significant difference in HMF content between the 

adulterated honey and pure honey and among the group of adulterating materials and ratios of adulterants 

(Table 2-5). The highest HMF content (130.3±0.88 mg/kg) was recorded in honey adulterated with 

molasses in ratio of 1:5 (honey to molasses)as mentioned in Table 3.However, it was observed that HMF 

of the adulterated honey was found to be lower than the pure honey. This might be due to the freshness or 

unheated or properties of the adulterating materials such as banana, sugar and water used. 

 

3.4.pHvalue  

In general, honey is acidic in nature irrespective of its variable geographical origin. The main acid is 

gluconic acid.  pH content of pure honey were significantly   different from the adulterate honey with 

molasses, banana, sugar, sheb, water as showed in (Table 2-6).The high acidity of honey correlates with 

the fermentation of sugars present in the honey into organic acid, which is responsible for two important 

characteristics of honey flavor and stability against microbial spoilage (Bogdanov et al., 2008) and the 

highest pH value recorded in honey: molasses (0:1) treatment group 5.80±0.00 (Table 3). 

 

3.5. Moisture content 

The moisture content is an important criterion for assessing the ripeness of the honey and its shelf-life. In 

general, high amount of water causes the honey to ferment, to spoil and to lose flavor, with following 

honey quality loss. Moisture content of adulterated honeys was significantly different from pure honey at 

(p<0.05) as shown (Table 2-6)  and highest moisture content was recorded on honey: banana:molasses 

(0:1:1) adulteration types 58.6±2.7%(Table 6) adulteration of honey with those material can increase the 

moisture content of honey  this can lead to fermentation and spoilage of honey. An increase in moisture 

content of honey is indicative of adulteration the result of this study was supported by different pervious 

findings (Lawal et al., 2009, Kingsta et al.2018) found that higher the adulterant added to pure honey. 

 

3.6. Electrical conductivity 

The result shows that almost in all of the adulterant samples, higher conductivity records were obtained. 

Honey and molasses adulterated sample with different ratio found to be the highest electrical conductivity 

ranges 15.83 mS/cm (Table 3). Significant differences were observed between pure honey and adulterated 

honey treatment group(Table2-6) and some of the results were above the limit of Ethiopian and EU 

standard that is greater than 0.8 mS/cm. The results also had shown that in all of the adulterated honey 
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samples the highest is the electrical conductivity has the highest ash and acid contents which agrees with 

that of (Bogdanovetal., 2002). 

 

3.7. Ash content 

The ash content is a measure of the mineral elements in the honey samples and directly measure inorganic 

residue after carbonization (Lawaletal., 2009).According to the result, most of the ash contents of above 

the standard limit. This indicates high mineral content which could be due to adulteration because the 

pure honey ash content is within the standard limit, the highest ash content were obtained from 

adulteration of mean 9.04±.79 % honey: molasses (1:2) (Table3) and that of pure honey  were 

significantly different from adulterated honey as shown (Table 2-6). This result also agrees with study 

result of (Ribeiro etal.,2014) detection of honey adulteration of high fructose corn syrup by Low Field 

Nuclear Magnetic Resonance (LF 1H NMR). 

 

4. CONCLUSION and RECOMMENDATIONS 

 

In current study, well known honey samples were used to distinguish pure honey from adulterated honey 

with molasses, sugar, banana, “sheb” and water using chemical properties. The study indicated that 

adulterated honey sample could be identified from pure honey sample by using the ash content, free 

acidity and electrical conductivity. However, according to this result HMF content   may not identify 

adulteration of honey because of HMF content values affected by over heating or aging of honey. This 

result also showed that color parameter could not identify adulteration of honey. It can be concluded that 

adulteration can affect the chemical and quality properties of honey. Color parameter is not recommended 

for identification of adulterated honey. Therefore, users must be take care of buying fake honey based on 

color which is similar to pure honey but it may be adulterated honey which may affect the health and 

economy of the community. In addition, any honey bought from local market or mobile traders should be 

seen in laboratory before consuming. 
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Abstracts 

 

The study was conducted in Darolabu and Oda Bultum from west Hararghe and Metta and Kersa 

districts East Hararghe zones; With the objective of assessing and identifying the impacts of commonly 

used pesticides on honeybee health and bee products. From each Districts three PA were selected 

purposively based on potentiality of beekeeping and two beekeeping technician or experts and twenty 

farmers from each P A were selected using purposive and random sampling design respectively.  A total 

of 240 farmers were interviewed on sim structured questionnaires for their attitudes and knowledge’s of 

chemicals used in the area and the possible effects of chemicals on honeybee colonies and their products. 

The agro-chemicals mostly used in the study areas were 2,4D, DDT, malathioin, roundup and mancozeb. 

From the survey results majority of the respondent farmers use agrochemicals (92.9%) for the purpose of 

weeds control, produce quality of products, fruit and seed color change, insect control, fungi and disease 

control. From the study area 74.9% of the respondent buy the agrochemical from the local agro-chemical 

suppliers that donot give any advices on the way of handling and safe uses  of the chemicals. Moreover, 

the majority of the respondents (51.6%) declared that they do not understand the instructions enclosed  

with the agro-chemicals and 88% of the farmers  assisted by others to apply agrochemicals to their 

agricultural fields. Farmers use different application methods to apply agrochemicals on their crops. The 

study indicated that, majority of the farmers (89.2%) were use spray different application methods and 

they apply at different seasons. Most farmers (78%) apply the chemicals as they observe insects, herbs as 

well as weeds in their crops. Thus the indiscriminate use of agrochemicals has major threats to transform 

honey bees production. Therefore, taking urgent solution by concerned and responsible  stakeholder on 

the impact of agrochemicals on honey bees. Generally, training farmers on negative effect of 

agrochemical on honey bee, select appropriate method and time of agrochemical application, using less 

toxic chemicals for honey bees and properly following instruction is recommended for the study area. 

 

Key Wards: Hararghe, Agrochemicals, Farmer, honey bees 

 

 Introduction  

 

With about seven million honeybee populations, the Ethiopia’s annual honey and beeswax production is 

estimated to be over 54,000 and 5000 tons, respectively (MoA 2013). With this, the country is ranking 

ninth highest honey producer in the world and the leading producer of honey and beeswax in Africa 

(CIAFS, 2012). 

Honey bees are a vital part of our agricultural system, as are many other species of pollinators. The value 

of honey bee pollination services to U.S. Agriculture has been estimated to be greater than 14 million 

dollars (Morse RA, 2000) with their value topping $215 billion worldwide (Gallai N, 2008). More than 
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three-quarters of all flowering plants must be pollinated by an animal visitor; usually an insect (Klein AM 

et al, 2007). In addition, it often takes several floral visits by pollinators to ensure maximum fruit set and 

quality (National Research Council, 2006). The increased use of pesticides, reduction in the number of 

wild colonies, and the increased value of bees  and the crop they pollinate have all added to the 

importance of protecting bees from pesticides. The use pesticide for crop pests, weeds, mosquitoes and 

household pests control brings into focus the real possibility of damaging the delicate equilibrium in the 

colony, as well as the contamination of hive products (Kerealem and Tila, 2009).  Potential exposure of 

bees to pesticides can vary greatly depending on the type of pesticide, formulation, application method, 

label restrictions, and other factors (J. D. Ellis et al., 2014). The goal in using a pesticide is to achieve 

maximum benefit (success) with minimum negative impact, and these factors should always be 

considered in pesticide selection. 

The introduction of pesticide in Ethiopia to control agricultural pests’ dates back to the 1960’s     (EPA, 

2004). Although, the volume fluctuates across the pesticide types, the country on the average imports 

3346.32 metric tons of pesticides annually (Gizachew Assefa, 2011). use of pesticides is widely spread 

following modern agriculture and areas with high crop farming parts of Ethiopia are yearly receiving 

different types and amounts of pesticides. 

 Today, unwise application of herbicides and various pesticides are killing number of honeybee colonies 

annually and thus have become critical in the developments of sub sector. By selecting the least toxic  and 

applying them when pollinators are not active, harms can be minimized (Eris M and Nanct LA, 2012). 

Creation of awareness, having pre warning regulation and strong coordination among beekeepers, 

chemical applicators and crop growers are very essential to minimize the effect of honeybee poisoning. 

There is evidence that extensively use of pesticides in agricultural practices has resulted in presence of 

residues in honey and wax and this changes our honey products from organic into inorganic and decrease 

the foreign income of the country.  

 

The toxicity effects of commonly used agrochemicals to Ethiopian honey bees were studied at Holeta Bee 

Research Center and the result indicated that all chemicals tested, except Agro 2, 4-D Amin 720A, were 

significantly toxic to Ethiopian honeybees when ingested with food (Amssalu Bezabeh et al, 2015). The 

Pacific Northwest extension publication how to reduce bee poisoning from pesticides (year) states that 

Malathion should never be applied to flowering crops as it has a 2-5 day residual toxic effect. The 

apiculture program of North Carolina state university states Malathion to be “highly toxic” and that 

“severe bee losses may be expected” when used in the vicinity of honeybees. Therefore, these and other 

toxic pesticides must be applied during late evening, before blooming of honeybee plants and there should 

be a policy that enforce the crop growers using these chemicals to aware the beekeeper nearby at least a 

day before pesticides applied so that the beekeeper move colonies temporarily to untreated sites or close 

up hives during application. The objective of this study was to assess pesticides use and its effects on 

honeybee colonies in East and West Hararghe zones.  

 

Materials and Methods 

 

Sampling methods and sample size  

 For the study, purposive sampling was employed to identify district(s) and the rural kebele (sites) in 

which the study was conducted. Accordingly, Daro Labu and Oda Bultum  disricts of West Hararghe and 

Metta and Kersa district of East Hararghe zones Were selected, considering the potentiality of 
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beekeeping. From each zone two districts and from each district three kebele administrations (KAs) were 

purposively selected based on their beekeeping and crop production potentials. From each KA, two 

beekeeping technician experts and twenty model farmers (beekeepers and crop growers) were selected 

and total 240 beekeepers from the four districts were interviewed on pre structured questionnaires for 

their attitudes and knowledge’s of chemicals used including types of chemicals, their application 

protocols and their effects on bee colonies and their products. 

 

The study was conducted in Metta and Kersa districts of East Hararghe zones and Daro Labu and Oda 

Bultum districts of West Hararghe zones at 2016 and 2017. From each zone two districts and from each 

district three kebele administrations were purposively selected based on their beekeeping and crop 

production potentials. Totally, about 240 respondents were interviewed using sim-structured 

questionnaires from both zones.  From each Kebele, two beekeeping technician experts and twenty model 

farmers (beekeepers and crop growers) was selected and interviewed on sim-structured questionnaires for 

their attitudes and knowledge’s of chemicals used including types of chemicals, their application 

protocols and their effects on bee colonies and their  products. To collect additional information and 

strengthened households ideas  one groups discussion was were held at each kebele   with respective key 

informants using  checks lists developed for this  purpose.   

 

Figure 1.  Map of Study area ( source: Own computational GIS data) 

 

Result and Discussion 

 

Socio- Economic Characteristics of Households 

 

Household characteristics 

According to the result of the study majority of the sampled respondents interviewed were male (85.8%) 

and the rest were female (14.2%) (Table1). This indicated that majority of the beekeepers in the study 
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area were males, although beekeeping is an activity which can be done regardless of sex differences. The 

participation of very limited number of females in beekeeping in the study area was in agreement with 

Abebe Jenberie (2008), Adebabay kebede et al., (2008) and Kerealem Ejigu et al. 2007). Our finding in 

this regard is also in line with reports of Hartmann (2004) who noted that beekeeping is men’s job in 

Ethiopia. This might be due to the fact that although females have significant involvement in all or parts 

of beekeeping, it has been reported that beekeeping is duties and responsibilities of men which 

underscores beekeeping to be men’s job due to physical works it requires. 

The age of the respondents range from 18 to 76 years with mean of 40.9±12.18 and bee keeping 

experience of the respondents was also range from 1 to 50 years with mean of 10.06±9.58 years. Of the 

total households interviewed, 96.2% of the respondents were married while 2.1%, 1.3% and 0.8% were 

single, widowed and divorced respectively (Table 1). 

 

Educational status of respondents 

Education is believed to be an important and one entry point for faster transfer of knowledge on improved 

beekeeping technologies (Adebabay kebede et al, 2007). 31.7% of respondents were illiterate while 

67.1% were literate (this includes read and write to high school level (Table 1). From very few (1.2%) of 

respondent beekeepers have Certificate and College diploma/Degree (Table 1).  

 

Table 1: Demographic characteristics of respondents   

Variable  Categories  N F (%) 

 

Location 

Daro Labu 60 25 

Oda Bultum 60 25 

Metta 60 25 

Karsa  60 25 

 

Sex  

Male  206 85.8 

Female  34 14.2 

Total  240 100 

 

 

Marital status  

Married  230 96.2 

Single  5 2.1 

Widowed  3 1.3 

Divorced  2 0.8 

 

 

 

Ed. status  

Illiterate  76 31.7 

Read and write  19 7.9 

Grade 1-4 55 22.9 

Grade 5-8  57 23.8 

Grade 9-12  30 12.5 

Certificate  1 0.4 

College diploma/Degree  2 0.8 

Minimum   Maximum  Mean ± SD 

Age (year) 18 76 40.9±12.18 

Bee keeping Experience   1 50 10.06±9.58 

N= Number of respondents, f (%) = percent from number of respondent, SD= standard deviation 

 

Purpose of crop Production 
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Crop production and importance of bees for pollination in the study areas are presented in table 2. About 

35% of the respondents in the study areas produce crops for home consumption. The highest home 

consumption were revealed from Oda Bultum (15%) and the lowest in Kersa and Meta districts (4.6%) . 

There was significant difference among districts on purpose of crops production for consumption (X2= 

72.52, P<0.001). Except 40.4% of the respondents in the study areas, the rest (59.6%) have no 

information or knowledge about honey bee’s crop pollination service in enhancing the quantity and 

quality of crops. The level of importance of honey bee for crop pollination had shown significance 

difference at 0.05 probability level.  

 

Table 2. Crop production and importance of bees for pollination in the study areas  

Variable 
     Categories  Districts  Total 240 N   

(%) 

X2 

Karsa Meta D/Labu O/Bultum 

 

Purpose of crop 

production 

Seed 0 3(1.2) 0 4(1.7) 7 (2.9) 

72.52** 

Home 

consumption 
11(4.6) 11(4.6) 26(10.8) 36(15) 84(35) 

Market 1(0.4) 0 1(0.4) 0 2(0.8) 

Animal feed 1(0.4) 8(3.3) 0 0 9(3.8) 

All Except 

animal feed 
39(16.2) 26(10.8) 17(7.1) 16(6.7) 98(40.8) 

Multiple choice 4(1.7) 12(5) 16(6.7) 8(3.3) 40(16.7) 

Uses of  bee for crop 

pollination 

Yes 20(8.3) 21(8.8) 29(12.1) 27(11.2) 97(40.4) 
4.07 

No 40(16.7) 39(16.2) 31(12.9) 33(13.8) 143(59.6) 

Level of importance 

Less important 3(3.1) 5(5.2) 13(13.4) 8(8.2) 29(29.9) 

19.26* 

Medium 

Important  

   2(2.1)    3(3.1)    9(9.3)   11(11.3)     25(25.8) 

Very important    

15(15.5) 

    13.4)    7(7.2)    8(8.2)     43(44.3) 

Multiple choice= Seed, home consumption, market and animal feed, N= Number of respondents, X2 = 

chi-square,**= P(<0.01), *=P(<0.05)  

 

Sources of Pesticides and Buying Practices  

Although chemical pesticide use in Ethiopia was historically low, recent developments in food production 

and expansion in the floriculture industry have resulted in higher consumption of chemical pesticides. 

Recently, Ethiopia has been considered as one of the country that having the largest accumulations of 

pesticides in Africa. It was estimated that there were 402 stores at 250 sites containing 1,500 tons of 

pesticides (MoARD, 2007). The use of different agro-chemicals or pesticides is an important and 

common practice in crop production to fight against most crop damaging pest populations and diseases to 

produce high quantity of food. However, if they are not used properly (according to their prescription for 

time of application and dosage), they bring about very crucial damage to pollinators. The mostly used 

agro-chemicals in the study areas are 2, 4-D, DDT, malathioin, roundup, mancozeb.  Almost all 

respondent farmers(92.9%)   apply pesticides on their crops (Table 2).The survey result  revealed that 

respondents were  used pesticide for herb control, quality of products, fruit color change, insect control, 

fungi and disease control. The chi-square result was portrayed on purpose of pesticide application among 

district indicated highly significant difference at 0.01 probability level (Table 2). The respondent farmers 

were buy the pesticides from different sources (  National  market, Local market, union, informal dealer, 
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agricultural office and multiple ) which indicated that more of the farmers buy pesticides from local 

market suppliers that would not give advices on the proper handling and safe uses (74.9%). Similar 

finding revealed that farmers buy different types of agrochemicals from local market in smaller quantities 

(Begna, 2015; Belay et al., 2017. Zewdie. 2017; Gebrecherkos, 2018). From the result it indicates that 

there is highly significant difference in source of agro-chemicals among the districts. In the study areas 

majority of the respondents (51.6%) were not understand the instruction how to use the chemical and 88% 

of the respondents were need help from the other to use the agrochemicals and also significant difference 

in source of agrochemicals among districts (table 3).   

 

Table. 3. Purpose and source of Pesticides uses in the study areas 

Variable  categories    Districts N (%) Total  

 240 N 

(%) 

X2 

Kersa Meta D/Labu O/Bultum 

Uses of chemicals  Yes 57(23.8) 53(22.1) 55(22.9) 58(24.2) 223(92.9) 3.74 

No  3(1.2) 7(2.9) 5(2.1) 2(0.8) 17(7.1) 

Purpose of uses Weed control 0 11(21.6) 26(46.4) 20(34.5) 57(25.6) 79.11** 

For quality of 

products   

1(1.72) 0 2(3.6) 0 3(1.3) 

Fruit and seed  color 

change  

1(1.72) 0 1(1.8) 0 2(0.9) 

Insect control  16(27.6) 26(51) 6(10.7) 46.9) 52(23.2) 

Fungi and disease 

control  

5(8.6) 0 0 1(1.7) 6(2.7) 

Multiple  35 (60.3) 14(25.4) 21(37.5) 33(56.9) 103(46.2) 

 

Source of  Agro-

Chemicals  

National  market  0 6(2.7) 5(2.2) 5(2.2) 16(7.2) 40.68.** 

Local market  35(15.7) 37(16.6) 45(20.2) 50(22.4) 167(74.9) 

Union  12(5.4) 2(0.9) 0 2(0.9) 16(7.2) 

Informal dealer  1(0.4) 1(0.4) 2(0.9) 0 4(1.8) 

Agricultural office  4(1.8) 4(1.8) 3(1.3) 0 11(4.9) 

Multiple  5(2.2) 2(0.9) 1(0.4) 1(0.4) 9(4) 

        
Buying within 

instruction  

Yes  17(7.6) 22(10) 38(17) 31(13.9) 108(48.4) 19.26* 

No 41(18.4) 30(13.5) 17(7.6) 27(12.1) 115(51.6) 

Need help from 

other  

Yes  9(6.5) 21(15.2) 23(16.7) 35(25.4) 88(63.8)  

No  15(11) 14(10.1) 6(4.3) 15(11) 50(36.2) 

N= Number of respondents, X2 = chi-square,**= P(<0.01), *=P(<0.05)  

 

Method and Time of Pesticides Application 

Honey bees may be exposed to harmful chemicals mainly when they collect pollen and/or nectar and 

water to cool their hives on warm days or to dilute their honey to feed to their offspring (Jennifer et al., 

2012). Most insecticides are applied on the crop while herbicides and fungicides are usually applied 

directly on the soil before the planting of crops. In all these cases, droplets and dust from the applications 

can fall directly on the bees that fly across the treated fields or nearby because wind can carry the tiny 

droplets and dust particles hundreds of meters away from the crop (Marinelli et al, 2004). In the study 

areas more of the farmers respondents (89.2%) (Table 2) were use spray method to apply agrochemicals 

while dusting and combination of spray and fumigation are the rarely used methods in the study areas. 

According to this survey majority of respondents apply pesticides as they see insects or weeds (as 
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required) (78%) while others apply pesticides during June, July, august 67%) (Table 3). The result of this 

survey showed that most of the respondents spray chemicals before 9 am (43%) and others apply 3-10 pm 

(23%).This indicates that pesticide are applied when honey bees are actively foraging and thus they have 

high chance to be exposed to pesticides. Similarly, Desalegn (2015) reported that about 64.4% of 

respondents from western Amahara were sprayed pesticides at   6:00-9:00am. of western Amahara  

region. From the survey result time of application of the pesticides have highly significant difference 

among the studied districts (X2=108.48, P<0.001).   

 

Table. 4. Methods, season and time of Pesticides application  

Variable  categories   Districts  Total  

 240 N (%) 

X2 

Karsa  Meta  D/Labu O/Bultum 

Methods of 

application 

Spray 51(22.9) 49(22) 44(19.7) 55(24.7) 99(89.2) 

17.31* 

Dusting  2(0.9) 0 4(1.8) 1(0.4) 7(3.1) 

Spray and 

Fumigation  

1(0.4) 3(1.3) 1(0.4) 0 5(2.2) 

spray and dust  2(0.9) 1(0.4) 7(3.1) 2(0.9) 12(5.4) 

Season of 

Application 

December 

January and 

February 

15(6.7) 14(6.3) 6(2.7) 2(0.9) 37(16.6) 

80.33** 

September 

,October and 

November   

5(2.2) 2(0.9) 4(1.8) 8(3.3) 19(8.5) 

June, July and 

August   

49(1.8) 5(2.2) 35(15.6) 23(10.3) 67(30) 

March, April and 

May  

8(6.3) 11(4.9) 3(1.3) 0 22(10) 

As required  26(11.7)  19(8.5) 8(3.6) 25(11.2) 78(35) 

Time of 

application 

Before 9:00 Am 9(4) 3(3.1) 46(20.6) 38(17) 96(43) 

108.48** 

11:00Am-1:00PM 2(0.9) 2(0.9) 3(1.3) 2(0.9) 9(4) 

3:00-4:00PM 15(6.7) 16(7.2) 0 3(1.3) 34(15.20 

After 5:00 PM 12(5.4) 17(7.6) 1(0.4) 3(1.3) 33(14.8) 

Before 9:00 Am 

and After 5:00 

PM  

19(8.5) 14(6.3) 6(2.7) 12(5.4) 51(23) 

N= Number of respondents, X2 = chi-square,**= P(<0.01), *=P(<0.05)  

 

Status of Honey bee Colonies and its products in the study area 

The average colonies holding and beekeeping experience of the respondents of the study areas range from 

1to 30yrs and 1to 50yrs with mean of 4.12 ±4.8 and 10.06±9.58 respectively. As indicated in table 4, the 

annual honey price in the study area ranges from 160 to 260 birr with the mean of 203.2±32.85 birr. This 

study indicated that each respondent in the study areas loss on average 4.31±3.731honeybee colonies 

annually due to pesticide poisoning.   

 

Table. 5. Bee keeping practice, honeybee colony holding and price of honey and honeybee colony    

Variable Min Max Mean±SD 

Number of colonies 1 30 4.12 ±4.8 
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Bee keeping Experience 1 50 10.06±9.58 

Amount of   honey loss/year 1 80 9.466±11.8 

Price of honey/kg 160 260 203.2±32.85 

Price of honey bee colonies 1500 4000 2471.4±875.1 

colony lost due to pesticide 1 18 4.31±3.731 

SD= standard deviation 

 

Effect of Pesticides on honey bees and its Production 

Recently, there is growing consensus that pesticides have killed honeybees and their food source plants 

and resulted in bee death and their products declines (Kerealem E et al, 2009, Marta Zelalem,et al 2014). 

Honeybees exposed to agrochemicals in different ways. Fischer and Moriarty (2011) indicated older 

worker bees’ forage outside the hive for pollen and nectar, and thus are vulnerable to contact exposure to 

pesticides during foraging as well as dietary exposure during collection or ingestion of pollen and nectar. 

Workers also serve as a vector for bringing contaminants back to the hive. Young workers clean cells and 

attend brood, whereas middle-aged workers do a variety of tasks mainly within the hive. All the young 

and middle-aged workers, queen and drone can have secondary exposure to pesticides through 

contaminated food brought back to the hive. 

The main symptom of honey bee pesticide kill is large numbers of dead bees in front of the hives. 

Another symptom is a sudden loss of the colony's field force. After a honey bee pesticide loss the colony 

may suffer additionally from brood diseases and chilled brood. Among the problem raised by the more 

farmers were, dead of bees in applied field (16.2%) and in the hive (13.3%). 

 

Table. 6. Problems observed by the respondent After Pesticide application in the study area 

Woreda Total(240)  

Kersa(60) Meta(60) DaroLabu(60) Oda 

Bultum(60) 

   X2   

Dead bees in applied 

field 

5(9.1%) 1(2.0%) 17(32.7%) 11(21.2%) 34(16.2)  

Dead bees in the hive 5(9.1%) 2(3.9%) 12(23.1%) 9(17.3%) 28(13.3%)  

Low production of 1(1.8%) 1(2%)     0 0   2(1%) 48.33** 
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X2 = chi-square 

 

Commonly used Pesticides and herbicides in the study areas 

According to the survey results, about five different agrochemicals were applied to protect their crops in 

study areas. Those major pesticides are namely; 2, 4-D, DDT, Malathion, roundup and Mancozeb. The 

survey result has revealed that the respondents were applying those chemicals as wetable powder spray, 

powder, wp/ec spray and Emulsified concentrate which is different from chemical to chemical. However, 

more of the respondent farmers were use in liquid from to spray those chemicals. Among these chemicals, 

24D (90%), Malathion (70%) and roundup (64.6%) use in liquid form formulation to spray. For DDT and 

Mancozeb they were use in the form of powder (68%) and wetable powder (81.8%) respectively. 

According to EPA (2011), 2, 4-D is a Group III chemical that has relatively less toxicity to honey bees if 

it is applied at evening time and at the non-blooming stage of the plant. In the study area also more of the 

respondent farmers were use the 2-4-D at vegetative (74.1%) stages of the crops. 

 

Table. 7. Stage of the crop sprayed, Formulation and Target Pest 

 Pesticides and herbicides 

Variables 24D DDT Malathion Roundup Mancozeb 

Target Pest F P F P F P F P F P 

herbs 27 90.0 14 10.9 17 27.9 57 63.3 1 10.0 

insect 1 3.3 88 68.2 32 52.5 9 10.0 2 20.0 

herbs and insect 2 6.7 23 17.8 12 19.7 21 23.3 6 60.0 

herbs, insect and fungi 0 0 4 3.1 0 0 3 3.3 1 10.0 

Stage of the crop sprayed  

before sowing 0 0 9 8.8 3 7.3 37 62.7 0 0 

only at vegetative 20 74.1 32 31.4 8 19.5 4 6.8 0 0 

at vegetative and flowering 6 22.2 0 0 3 7.3 0 0 0 0 

only at flowering 0 0 0 0 0 0 0 0 8 88.9 

at any stage if pest occur 1 3.7 0 0 27 65.9 6 10.2 1 11.1 

F=frequency, p=percent,  

 

Conclusion and Recommendation 

 

In Ethiopia agriculture is one of the sectors that play great role in the development economy and the 

country use different input to increase the production of agriculture. One of inputs used by farmers was 

different agrochemical that used to control herbs or insects that damage their crops and also they use 

agrochemicals to increase the productivity of their crops. Agrochemicals have its own disadvantages and 

honey 

Absconding of bees 4(7.3%) 7(13.7%) 1(1.9% 5(9.6%) 17(8.1%)  

Narcotized bees 1(1.8%) 4(7.8%) 1(1.9%) 0 6(2.9%)  

Low production and 

narcotized of bees 

0 0 0 1(1.9) 1(5%)  

Combination (1-5) 39(70.9%) 36(70.6) 21(40.4%) 26(50%) 122(58.1%)  

Total 55(100%) 51(100%) 52(100%) 52(100%) 210(100%)  
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advantages if it not use properly and they bring about very crucial damage to pollination fauna. In the 

study areas majority of the respondents apply pesticides and herbicides on their crops and more of them 

were not understand the instruction how to use the chemical and 88% of the respondents were need help 

from the other to use the agrochemicals. Farmers in the study area buy the agrochemicals from different 

source especially from those that have no enough information and the study also indicate that 74.9% 

farmers buy pesticides from local market suppliers that would not give advices on the proper handling and 

safe uses. Method and time of application of pesticides or herbicides have its own effect on honey bees. In 

the study areas the respondent’s farmers were applied the agrochemicals at different time and season 

which is potentially affect honey bees during foraging. In general the farmers and beekeepers in the study 

areas were not have enough information on the effect of pesticides or herbicides on honey bees and they 

were not take care the effect of these pesticides on honey bees so that they apply the chemicals without 

considering the time and season which are more difficult for honey bees. The result of the study indicated 

that more of the farmers apply the chemicals as they see pests/herbs and disease and they apply the 

agrochemicals on crops at different stages of crops especially at blooming stage. From the current study 

the following recommendation were drawn: 

 Training farmers how to use label instructions and put into practice safety measures like not to 

apply agrochemicals on blooming crops in the morning time. 

 There should be a clear mechanism of working and chain of communication between the 

beekeeper, crop grower and experts. 

 This study was limited to only assessment of pesticides use and its effects on honeybee. 

Therefore, further study will be conducted on the toxicity, how long do pesticides stay on air and 

its poisons level should be studied for each pesticides or herbicides that were identified from the 

study areas.      
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Abstract  

 

This study evaluated the effect of pollen supplements on honeybees during flower scarcity period from 

2015/16 through 2017/18 at an apiary of Haro Sabu Agricultural Research Center. Three treatments: 

Chickpea (Cicer arietinum), Mung bean (Vigna radiata) and Soya bean (Glycine max), each with four 

replication in randomized complete block design (RCBD) were used to determine the effects of the pollen 

substitutions on honeybee colonies. A 500 g of each treatment was provided for 5 days consecutively in 

the first month of dry season (February and March), and rainy season (July and August). Each feeding 

types was offered for each colony externally by constructing a hole at the back of each hive with a mesh 

wire in order to exclude feeding competition with other colonies. Statistically no significant variation 

(p>0.05) were observed on the consumption rate between treatments. The overall mean daily 

consumption rate (g/colony) of Chickpea, Mung bean and Soya bean were 192 ±27, 208.7±30 and 

191.4±46 respectively during dry season while Chickpea, Mung bean and Soya bean were 14.5 ±6.7, 

28.5±11 and 16±13 respectively during rainy season   More bees, brood, pollen, nectar, and honey on the 

frame were recorded by fed than an unfed colony. Therefore, pollen supplementary feeding at flower 

scarcity maintains the strength of bee colonies for the next natural pollen and nectar flow season. 

Key words: Apis mellifera L., Chickpea, Mung bean, Pollen, Soya bean, Supplement 

 

1. Introduction  

 

Honeybee colonies with at least 45,000-50,000 adults and 36,000-45,000 broods are required to produce 

excess honey to harvest (Alghamdi et al., 2002). At this level, colonies require considerable amount of 

pollen (main source of proteins) (Buchman and Orourke, 2011) for developing larvae and young bees. 

Pollen is also used in the production of royal jelly by nurse bees to feed the queen, developing queen 

larvae, and worker larvae up to 72 hrs old (Mattila and Otis, 2008). During forage scarcity, pollen 

supplementary feeding helps the colony to survive, and maintain a productive population (Alghamdi et 

al., 2002). Offering pollen substituting diets during pollen scarcity is important to sustain honeybees 

(Fleming et al., 2015).  Different crops and other materials can be used as pollen substitutes; these include 

soya bean-based products, yeast micelle and powder milk (Zaytoon et al., 1988; Ranna et al., 1996). 

Maintaining the vigor honeybee colony is a major problem for beekeepers during forage scarcity in 

Western Oromia in general and Haro Sabu in particular. A study by Faisal and Khalil, (2011) indicated 

that feeding honeybee colonies with pollen substitutes during the pollen shortage is important to provide 

honey bee colonies their nutritional requirements and ensure their activities during flowering period. 

Pollen substitute diets containing 20% or more soybean flour are highly appetitive and palatable to bees 

and provide their nutritional requirements for growth and reproduction (Mattila and Otis, 2008). Pollen 

substitutes need to be low cost, attractive to bees, available and nutritional (Somerville, 2000). But, the 

mailto:apistesfaye@gmail.com
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circumstances under which feeding pollen substitutes benefit a colony vary between locations. Thus, the 

aim of the present study is to determine the effect of pollen supplement feeding for maintaining colony 

strength during forage scarcity in Haro Sabu. 

 

2. Material and methods 

 

2.1 Description of the Study Site 

The study was conducted at an Apiary site of Apiculture Research team, Haro Sabu Agricultural Research 

Center during forage scarcity starting from September 2015/16 through June 2017/18. The center is 

located in western Ethiopia at 550 km from Addis Ababa. It lies at latitude of 8°52’51” N and longitude 

of 35°13’18’’ E and altitude of 1515 meters above sea level. It has a warm humid climate with average 

minimum and maximum temperature of 14 and 30°C respectively (HSARC, 2012). The area receives 

average annual rainfall of 1000 mm and its distribution pattern is uni-modal (HSARC, 2012). The main 

rainy season covers from April to October. The area is characterized by coffee-based farming and crop-

livestock mixed farming system (HSARC, 2012). 

 

Table 1: Agro-metrological data of the study site during 2017 at Haro Sabu Agricultural Research Center 

(Apiculture apiary site), Oromia, Ethiopia. 

Description Months of the year 2017 

Jan  Feb Mar  Apr  May Jun Jul Aug Sept  Oct Nov Dec 

RF (mm) 0.0 17.6 16.2 158.2 248.7 180.1 291.5 307.1 223.2 117.8 33.1 0.4 

T0C (Max.) 33.0 32.9 xx xx 27.4 27.2 24.6 25.2 26.1 26.7 27.3 29.7 

T 0C (min.) xx 8.8 14.5 15.7 14.6 11.6 11.4 11.3 11.2 10.9 10.5 10.3 

RH (%) 37.2 54.5 45.3 58.3 66.9 69.0 77.2 73.8 74.7 77.5 72.7 53.7 

Remarks: Max. = Maximum; Min. = Minimum; mm= millimeter RF= mean Rain fall; RH= Relative 

Humidity; T0C = Mean temperature in degree Celsius; xx= data not available  

Source: Asosa Meteorological Agency (2017) 
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Figure 1. Map of the study site 

 

 

2.2 Experimental design and feeding material 

For this work, in the first week of October 2015, 20 honeybee colonies were purchased from a farmer 

beekeeper of the area and transferred in to the zander frame hives. A hole was made at the back of each 

hive in which the forager bees pass through and receive the provided fed material externally and the back 

hive was covered by a mesh wire to exclude the competition from the external colonies.  

 

At the end of October, 16 bee colonies that were well settled and similar in strength were selected, and 

assigned to  four treatments (T1: soybean flour, T2: mung bean flour, T3: chickpea flour, and T4: control 

with no extra feeding) in completely randomized design with four replications. All treatments received 

uniform seasonal colony management during the study periods.    

 

2.3 Supplementary Feeding  

The grain of soya been, mung pea, and chick pea were roasted, the skins were taken out, powdered to 

pollen texture, and water was added to the weighted powder until a soft texture (Sena et al., 2012). 

Honeybees in nature need to buzz to collect powdery substances (Saffari et al., 2010) providing an easy 

method of consuming, minimum time and labor for extra feeding. This was provided from February 

through March (dry season) and July through August (main rainy season), the periods of forage scarcity 

in the study area. A 500 g/colony of each treatment was provided for five consecutive days  (Tolera 

Kumsa, 2014) during the first week of February, March, July, and August and, the given and leftover 

flour was recorded daily to get the daily consumption rate.  

The consumption rate of each treatment was calculated by subtracting the leftover from the initial given 

(500g). Supplementary feeding was suspended when the consumption of flour diets was rejected by 

honeybees because of the availability of natural pollen (Mattila and Otis, 2008). The pollen and brood 

area in the hives were recorded at 21 days intervals using one inch2 wire grid squares (Kumar et al., 

2013). The data obtained were converted into cm2 by multiplying with a 6.45 factor. Total bee strength 
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was determined in terms of frames covered by bees (Keller et al., 2005), During the active period, capped 

and uncapped comb containing either honey or nectar were measured as honey at 21-day intervals, the 

development period of honeybee workers. The recorded data was analyzed using SAS Software (SAS 

Institute, 2003; 14) and means were separated with LSD tests. 

 

3. Results 

 

3.1 Consumption rate 

The mean of 5 days consumption rate of the feed types during the dry season is presented in table 2. 

Statistically no significant difference (p>0.05) were observed in daily between the feed types. However, 

numerically the utilization rate (g/colony) of each feed type was shown slightly increasing trends until the 

fourth day and then decreased in the fifth day except by mung bean. The overall mean consumption rate 

was 192±27 by chick pea, 208.7±30g/colony by mung bean and 191.4±46 g/colony by soya bean flour 

(Table 2). In Table 3 below, the average daily consumption rate (g/colony) during rainy season was 

recorded between the feed types. Statistically no significant difference (p>0.05) were observed in each 

days between the treatments except on the fourth day with the highest by mung bean (46.86 ± 6.82) and 

the lowest by soya bean (16.7 ± 8.7). The overall average daily consumption rate (g/colony) was 14.5 ± 

6.7 by chickpea, 28.5 ± 11.3 by mung bean and 16.4 ± 8 by soya bean.  

Our result is less than by Tolera  Kumsa (2014) who recorded the greatest daily consumption of 348.9 and 

128 g/colony by pea flour in the dry and rainy season, respectively, and honeybees stored enough flour in 

combs for further consumption. The dissimilarity might be due to material types, colony populations, and 

the apiary environment. Honeybees prefer diets that provide the proper ratio of nutrients necessary for 

optimal survival and homeostasis (Corby-Harris et al., 2018) 

Colonies used the more pollen substitutes in the dry period than that of rainy season, this is maybe, during 

the rainy season the bee foragers are not active the full day due to cold weather conditions. On sunny days 

foragers were too busy, with almost no periods of inactivity, while the lack of sunlight prevented them 

from a flight (Rosenberger and Crailsheim, 2017). 

 

Table 2: Mean daily consumption rate of the pollen supplements during dry season 

Days of 

feeding  

                     Feeding types LSD p-

value Chick pea(Mean ± 

SD) 

Mung bean (Mean ± 

SD) 

Soya bean (Mean ± 

SD) 

First day 151.6 ± 52.2a      157.6±52.04a 122.6±82.1a 59.96 0.85 

Second day 196.7± 24.08a 202.5±27.0a 200.3±39.9a 57.71 0.97 

Third day 211.1± 10.14a 211±32.7a 207.9±42.8a 49.04 0.98 

Fourth day 219.6± 27.9a 234.3±22.8a 222.0±21.7a 40.34 0.652 

Fifth day 182.4± 49.3a 238.2±13.97a 204.1±43.4a 63.60 0.17 

Overall mean  192.28±27.3 208.72±29.7 191.38±46   

Means followed by the same letter within the row do not differ significantly at the 5% level of probability. 

Where: SD; standard deviation and LSD; least significant difference 

 

Table 3: Mean daily consumption rate of pollen supplements during rainy season 

Days of 

feeding  

                     Feeding types (in gram/colony) LSD p-

value Chick pea(Mean ± SD) Mung bean (Mean ± Soya bean (Mean ± 
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SD) SD) 

First day 5.7±2.69a 11.82±7.02a 7.72±4.98a 9.38 0.33 

Second day 10.13±6.58a 36.01±18.01a 14.26±8.61a 38.13 0.27 

Third day 17.6±7.71a 21.53±4.03a 16.36±5.12a 11.71 0.56 

Fourth day 21.4±10.78b 46.86±6.82a 16.77±8.67b 13.85 0.003 

Fifth day 17.6±6.09a 26.28±20.7a 26.96±13.32a 36.8 0.79 

Overall mean  14.48±6.73 28.5±11.31 16.41±8.14   

Means followed by the same letter within the row do not differ significantly at the 5% level of probability. 

Where: SD; standard deviation and LSD; least significant difference 

 

3.2 Number of frames with bees, brood and pollen area 

No significant differences (p < 0.05) between feed types were observed in mean numbers of frames with 

bees (Table 4), except colonies without supplementary feeding. The results obtained in this study is less 

than the results of Tolera Kumsa (2014), who recorded an overall average of 9.7±2.6 frames of bees from 

colonies fed on pea flour. According to Kumar et al., (2013), numbers of frames covered with bees are 

positively affected by feeding protein rich diets to bees.  

Highly significant differences (p<0.0001) occurred in brood population among colonies fed different 

pollen substitutes (Table 4).  The maximum brood population occurred in colonies fed with soya bean 

flour (740.6±53.4 cm2), while the smallest brood population from the control colonies (300.0±27.08 cm2) 

whereas. This result showed that feeding colonies with soya bean flour during dry season increases brood 

population by more than two fold compared to the unfed ones. Our result is lower than those in Tolera 

kumsa (2014), who recorded 1274.3 cm2±195 cm2 brood after feeding a colony with pea flour during 

forage scarce period. This difference might be due to the nutritional composition of the diets, bee strength 

and the environment of the apiary site. In Vollmann (2016), the percentage of protein content was also 

higher in soya bean (35-52), followed by mung bean (27.2) and chickpea (22.7). Numerically but not 

statistically, the colony that consumed more flour diet (mung bean) produced less brood than others. 

These results propose that variations in the nutritional quality of the fed types (i.e., amounts of protein) 

and maybe the digestibility and accessibility of their nutrients to worker bees influence the amount of 

brood that can be reared.  

Our investigation indicated Strong bee colonies rear more brood than weak colonies. An investigation by 

Mattila and Otis (2006) and Nabors (2000) approved that the pollen supplement diets during shortage 

period honey bee colonies can be effective in stimulating honey bee colonies to rear brood, but they must 

be both palatable to bees and nutritious. When there is unavailability of pollen and nectar around the 

apiary area, supplementing artificial pollen maintains colony strength throughout the flower scarce period 

and helps the colony improve brood strength (Prakash et al., 2007). Feeding soybean flour singly or in 

combination with other flour has a high potential for improving colony maintenance and build brood 

production during a shortage of natural pollen (Alghamdi, 2002 and Abusabbah et al., 2012).  

Different feed types were recorded for pollen storage on the comb on the 21st days of feeding (Table 4). A 

highly significant difference (p<0.0001) were recorded between diet types. Soya bean fed colonies stored 

more pollen (234.38±19 cm2) as compared with unfed colonies (63.38±13.05 cm2). Pea, chickpea and 

soya bean flour contain high protein levels, and locally easily available, as compared to other bee feeding 

materials, and are preferred as pollen supplements (Somerville and Collins, 2007). 

 

3.3 Nectar and honey area on the frame (cm2) 
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The mean nectar and honey areas on the frame are presented in Table 4. The greatest nectar (1421.8±42.3 

cm2) and honey (2097±76.5 cm2) levels occurred on the frames fed the soya bean flour, while unfed 

colonies collected less nectar (270.31±23.4 cm2) and honey (624.2±40.8 cm2). In this study, a direct 

proportional result was observed on the number of frames with bees, brood, pollen, and nectar and honey 

area in cm2 on the 21st days by using supplementary feeding. From our study, larger colonies (6.66±2.1 

frame with bees) by soya bean search and collects more nectar and pollen than the unfed colonies. On the 

other hand, smaller colonies send out a smaller percentage of their bees as foragers than the larger 

colonies for resource collection. 

According to Tolera Kumsa (2014), pea flour feeding has a good influence during flower scarcity in 

brood production, colony population, and honey production. Colonies maintained with pollen 

supplements would be in a better position to develop early brood, accumulate nectar and stored surplus 

honey (Somerville and Collins, 2007). This finding is similar with Kumar R and Agrawal O P (2014), 

who proved a diet, composed of soy flour, brewer’s yeast, soy protein hydrolysate, sugar and glucose was 

the best for honeybees in terms of biochemical composition, net consumption, and positive influence on 

colony parameters. 

 

Table 4: Mean internal data of pollen supplementary feeding 

Means followed by the same letter within the row do not differ significantly at the 5% level of probability. 

Where: SD; standard deviation and LSD; least significant difference 

 

4. Conclusion  

 

Colonies consumed all feeding types, and more during the dry than the rainy season. All feeding types 

increased honeybees' population and brood production than the unfed colony. Therefore, giving pollen 

supplementary feeding during flower scarcity maintains the strength of the bee colony within the hive and 

ensures activity the next natural pollen and nectar season for surplus honey production. 
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Parameters (areas in 

cm2)  

 Feeding types     

 Chick pea 

(Mean ± SD) 

Mung bean  

(Mean ± SD) 

Soya bean 

(Mean ± SD) 

Unfed  

(Mean ± SD) 

LSD p-value 

Frames with bees 5.75±0.4a 5.85±0.5a 6.66±2.1a 3.03±1.3b 1.8 0.0158 

Brood area 600.0±25b 508.3±19.3c 740.6±53.4a 300.0±27.08d 56.3 <.0001 

ollen area 82.81±12c 150.5±17.7b 234.38±19a 63.38±13.05c 27.6 <.0001 

Nectar area 660.94±33c 1077.3±75.2b 1421.8±42.3a 270.31±23.4d 83.1 <.0001 

Honey area 1408.1±138b 2059±95a 2097±76.5a 624.2±40.8c 159.3 <.0001 
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Abstract  

 

Spirulina (Arthrospira) is a photosynthetic, filamentous, spiral-shaped, multi-cellular, blue- green algae 

and cyano-bacterium that is grown commercially for food, feed and as a food coloring and additive. An 

experiment was done at Batu Fish and Other Aquatic Life Research Center to culture, harvest, process 

and determine the chemical composition of Spirulina. For this purpose, Arthrospira (Spirulina) platensis 

strain was collected from Chitu Lake, cultured in outdoor raceway pond, harvested using filtration 

techniques and dried using solar tent drier or oven drying method. Chemical composition (Dry matter, 

water content, crude protein, total carbohydrates, lipids and fiber) and contents of macro-minerals (Ca, 

Mg) and trace elements (Zn, Fe) of spirulina was determined. The dry matter content and total 

carbohydrate were significantly higher (p<0.05) in oven dried spirulina as compared to solar tent dried. 

Moisture content and crude protein content is significantly higher (p<0.05) in solar tent dryer as 

compared to spirulina dried using oven drying method. There is no statistical difference in crude fat and 

crude fiber between solar tent and oven dried spirulina. The level of Calcium is not significantly (p> 0.05) 

affected by drying conditions. However, the content of Magnesium, Iron and Zinc were significantly 

(p<0.05) influenced by drying conditions. The result of mineral matter revealed that these products 

contained high amounts of the macro-minerals and trace elements needed in human nutrition. The slow 

solar drying process invariably emit unpleasant odor thereby affecting the product quality. Solar tent 

drying is not recommended for preparing an algal product intended for human consumption.. To find the 

most suitable drying method the further research should done, if spirulina is intended for human 

consumption. 

 

Keywords: Arthrospira (Spirulina) platensis, harvesting, processing, chemical composition  

 

Introduction  

 

Spirulina (Arthrospira) is a photosynthetic, filamentous prokaryote, spiral-shaped, cyano-bacterium, 

multi-cellular and blue- green algae that is grown commercially for food, feed and as a food coloring and 

additive. Spirulina belongs to the family of Oscillatoriaceae and grows in alkaline waters in Africa, Asia, 

North and South America in latitudes between 350 S and 350 N areas. Spirulina platensis has long been 

used as a dietary supplement for centuries by people living close to the alkaline lakes where it is naturally 

found, for instance, those living adjacent to Lake Chad in the Kanem region and Lake Texcoco in 

Mexico. Arthrospira still makes a large portion of the daily protein diet of the Kanembu tribe in theLake 

Chad area and contributes significantly to the local economy. Arthrospira (Spirulina) platensis was also 

known to grow abundantly in the East African Rift Valley lakes where they represented the main source 

of food for the lesser flamingoes(Belay, 2008).Now World Health Organization has listed microalgae 

among greatest super foods on earth and NASA considered it as food for astronauts(Becker, 2013). 

Spirulina platensis is one of the most promising cyanobacteria, as it is rich in proteins, essential and 

nonessential amino acids, long-chain polyunsaturated fatty acids, vitamins, minerals and many 
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phytonutrients. Spirulina platensis, a species of blue green algae of the cyanobacteria family is 

currently of global nutritional significance. It’s high content of proteins, vitamins, antioxidants, 

antimicrobials and anti-carcinogenic bio-molecules is being researched upon. Spirulina is considered as 

an excellent food, lacking toxicity and having corrective properties against viral attacks, anemia, tumor 

growth and malnutrition. 

 

Algal technology has potential to combat the global energy crisis, malnutrition, and production of several 

value added products useful for the mankind. Several environmental (location of the cultivation system, 

rainfall, solar radiation, etc.), engineering (pond depth, methods of mixing, power consumption, etc.), and 

biological (light, pH, oxygen accumulation, salinity, Algal predators etc.) parameters affect the biomass 

productivity in the open pond system. Raceway ponds are the current option for intensive microalgae 

biomass production that are operated at industrial scale all over the world. It is the most productive, open 

pond system, primarily because of constant mixing by paddle wheels. Paddle wheels help in suspension 

of microalgae, effective carbon dioxide diffusion and light exposure. 

 

A major challenge in processing of micro-algaelies in separating the microalgae from their growth 

medium, that is, the harvesting process (Kuma et al., 2015). Harvesting is the process of removal of algal 

cell suspensions from the growth medium and it can contribute up to 20–30% to the total cost of biomass 

production (Gudin and Thepenier,1986; Molina Grima et al., 2003).Separating the algae from water 

remains a major hurdle to spirulina processing partly because of the small size of the algal cells, with 

unicellular eukaryotic algae typically 3-30 μm and cyano-bacteria. This step offers the largest technical 

and economical challenges out of all steps considered in an algal biomass production process (Williams 

and Laurens 2010).A major challenge in downstream processing of microalgae lies in separating them 

from their growth medium. Biomass harvesting requires a solid liquid separation methods. Problems 

encountered in harvesting are usually related to the efficiency of harvesting techniques. The major 

techniques presently applied in the harvesting of microalgae include centrifugation, flocculation, flotation, 

gravity sedimentation, filtration and screening techniques (Uduman et al., 2010).Because algae harvesting 

and drying are vital elements in spirulina production, recent advances on various algae harvesting, 

dewatering, and drying technologies are reviewed and discussed. Algae harvesting involves separation or 

detachment of algae from the medium supporting the growth of algae and/or thickening of algal biomass. 

 

A. Centrifugation: 

Spirulina can be recovered from the liquid broth using centrifugation. Laboratory centrifugation tests 

were conducted on pond effluent showed that about 80–90% microalgae can be recovered within 2–5 

min. Knuckey et al. (2006) states that exposure of micro-algal cells to high gravitational and shear forces 

can damage cell structure. In addition, processing a large amount of culture using centrifugation is time 

consuming and costly (Molina Grima et al., 2003).Centrifugation is the fastest harvesting method, but 

also the most expensive due to its high energy consumption.  

 

B. Flocculation:  

Flocculation is a process in which dispersed particles are aggregated together to form large particles for 

settling. There are two main classifications of flocculants according to their chemical compositions: (1) 

inorganic flocculants and (2) organic flocculants or polyelectrolyte flocculants. Despite its advantages, 

flocculation using inorganic coagulants suffers from the following draw backs: A large concentration of 
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inorganic flocculants is needed to cause solid–liquid separation of the microalgae, thereby producing a 

large quantity of sludge and the end product is contaminated by the added aluminum or iron salts. 

Flocculation is carried out by adding chemicals such as alkaline compound, metallic salts, or 

polyelectrolytes. NaOH, KOH, Ca(OH)2, or Mg(OH)2 are alkaline compounds that causes biomass 

aggregation. 

 

C. Flotation: 

Flotation is often defined as “inverted” sedimentation where gas bubbles fed to the broth provide the 

lifting force needed for particle transport and separation. Chen et al. (1998) noted that flotation is more 

beneficial and effective than sedimentation with regard to removing microalgae.  

 

D. Gravity sedimentation: 

Micro-algal density is a key to ensure the process efficiency, the reliability of this method is low. Micro-

algal settling rates of 0.1–2.6 cm/h result in a very slow sedimentation process that leads to the 

deterioration of most of the biomass during the settling time, limiting the application of this method for 

routine harvesting. 

 

E. Filtration:  

Filtration is mainly a dewatering means and it is normally applied following coagulation/flocculation to 

improve harvesting efficiency. This phenomenon (called fouling/clogging) represents the main drawback 

associated to filtration methods, increasing their operational costs. 

Generally centrifugation gave good recovery and a thickened slurry, but required high capital investment 

and energy inputs. Flotation was more economical, but, if the recovered algae were to be incorporated 

into animal feed, the use of flocculants such as alum could have undesirable effects on the growth rate of 

the animals. The continuous filtration process had significant advantages in energy efficiency, economics 

and chemical-free operation. Gravity sedimentation is simple and the inexpensive method, however, it is 

time-consuming and there is possibility of biomass deterioration. The only drawback of this process was 

that the efficiency depended on the size and morphology of the algae (Sim et.al., 1988).  

 

After being harvested, the microalgae must dried to its stability microbiological, extraction, or other 

processing. The harvested biomass slurry must be processed rapidly or it can be spoiled within a few 

hours in a hot climate. Dehydration or drying method is mostly used. Different drying methods are 

employed for the drying of bio-mass. The drying of Spirulina platensis constitutes approximately 30% of 

the total production cost, and the methods used to process fresh biomass into dry Spirulina are spray 

drying, freeze drying, solar drying, convective hot air drying and spouted bed (Desmorieux Hélène and 

Fabiola Hernandez, 2004; Desmorieux and Decaen, 2006; Molina-Grima et al., 2003).However, it is very 

important choose appropriate drying technique to produce a quality product, with reasonable cost and 

simple operation. The chemical composition of micro-algaeis mostly determined by growing conditions, 

e.g., growth media, light intensity, temperature and drying method. The drying method greatly affect the 

amount of biologically active compounds and organoleptic quality (Agnese Stunda-Zujevaa and Kristīne 

Ruģeleb, 2018). Drying is one of the important processes in algae production as it facilitates safe storage 

and transport in algae-based industry. The methods used to process fresh into dry Spirulina are spray 

drying, freeze drying, solar drying and convective hot air drying (Desmorieux and Decaen, 2006). Sun 

drying of algae has been practiced by local populations of African countries for making dry cakes called 
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"Dihe" and by Maya tribes in Mexico for making "Tecuitlatl" from ancient times. It is difficult to 

maintain the quality of the end product suitable for human consumption with traditional open sun drying 

methods. Besides other factors, the slow drying rate due to low temperature is the main cause of biomass 

degradation and consequential rise in bacterial count. 

 

The objective of this activity was to investigate the possibility of producing Spirulina in outdoor raceway 

pond using Zarrouk’s media, harvest, process and determine the chemical composition of Spirulina. 

 

Materials and Methods 

 

Cultivation of Spirulina 

Starter culture/inoculum of Arthrospira (Spirulina) platensis were obtained from Chitu Crater Lake, West 

Arsi zone. Zarrouk media was used for cultivation of Arthrospira. The culture medium is based on the 

original medium of Zarrouk (1966) and is typically composed of sodium carbonate, a source of nitrogen, 

phosphorous, iron and trace metals. Spirulina is an outstanding candidate for outdoor cultivation, being 

both thermophilic and alkalophilic, with optimum growth conditions being 35–37°C and pH of about10; 

these properties facilitate the maintenance of mono-algal cultures outdoors. 

 
Fig1. Chitu Crater Lake 

 

Cultivation of Spirulina was based on shallow raceways in which spirulina cultures are mixed by in a 

turbulent flow sustained by a paddle wheel. Spirulina strain was maintained and cultivated in the Zarrouk 

medium described by Costa et al. (2004), which contained (g L−1) the following: NaHCO3 (16.80), 

NaNO3 (2.50), NaCl (1.00), K2HPO4 (0.50), K2SO4 (1.00), MgSO4·7H2O (0.20), CaCl2 (0.04), 

FeSO4·7H2O (0.01), and EDTA (0.08).  

 

Table 2. A typical composition of basal medium for mass production of Spirulina 

 Ingredients   Amounts (g/L) 

NaHCO3    16.80 

NaNO3     2.50 

NaCl      1.00 

K2HPO4    0.50 

K2SO4     1.00 

MgSO4·7H2O     0.20 

CaCl2     0.04 

FeSO4·7H2O     0.01 
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EDTA      0.08 

 

The pilot pond for production of Spirulina was constructed at Batu Fish and Other Aquatic Life Research 

Center (Fig 2.) is a raceway pond (10.0 m long×3.0 m wide×0.50 m deep), with a surface area of 37.10 

m2. The raceway pond was cement lined and covered by a greenhouse structure made from transparent 

polyethylene film. As shown in Fig. 2, the maximum capacity of the culture pond was 10 metric tons (W 

3 m, L 10 m, H 0.5 m), and the ends were rounded (1.5 m diameter semicircles), to allow the culture 

water to rotate freely without stagnation. 27 L mother culture of 0.79 µg/L S. platensis was inoculated in 

to 2700 L Zarrouk medium in race way ponds. The culture medium used mimics that of the natural 

system. The high pH and alkalinity of the growth medium inhibits the growth of potentially 

contaminating organisms, resulting in a virtual monoculture of A. platensis. The raceway was agitated by 

a paddle wheel rotating at 20 rpm for 12 h per day. Mixing of the culture is mandatory in outdoor mass 

culture in order to facilitate light distribution, minimize self-shading, diffusion of nutrients and 

maintenance of uniform temperature with depth (Belay, 2008).The cultivation was carried out from June 

2018 to August 2018. 

 
Fig. 2 Raceway pond used in the semi-outdoor cultivation of Spirulina platensis. 

 

Harvesting and Processing of spirulina biomass  

The cultivated spirulina was harvested when the cell concentration was 224μg/l on the 13thday from 

inoculation. The biomass concentration achieved in our study was similar to earlier reports on raceway 

pond (Borowitzka, 1999; Viswanthan, 2010).In the process of harvesting, suspended culture was filtered 

using 250µm nets to discard debris or foreign material from the culture to be filtered. Then, the culture 

was re-pumped using .05 HP submersible motor pump on 250 µm plankton net. The biomass was then 

filtered using 30 μm opening size sieves. Biomasses of Spirulina platensis was immediately collected 

from the net and transferred to bucket for processing (drying). The harvested biomass had a high moisture 

content (84 %).Drying of Spirulina was performed using two driers. Under solar tent dryer, dewatered 

algal slurry was spread on 1m x 1m 30 µm polyester-cotton cloth and kept under solar tent drier in sun for 

three days. The remaining algae, a second type, where the algae were sprayed as a thin film on the 

aluminum foil and kept oven dried at 550c for three hours (Olveira et al., 2010). Eventually, the algal cake 

is ground into fine powder using laboratory grinder for chemical analysis. 
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Chemical composition of spirulina 

Chemical composition of spirulina was determined using the procedure of Association of Official 

Analytical Chemists (AOAC, 1998).The moisture content (method 925.10) was determined by drying a 

representative 2 g sample at 105 °C for 3 hr. Total ash (method 923.03) was determined by incineration of 

a representative 0.5 g sample at 450 °C for 12 h. Crude protein (method 960.52)was determined by 

Kjeldahl protein units. The protein was calculated as nitrogen (%) × 6.25 (AOAC, 1998). Carbohydrates 

(CHO) was calculated by a difference of all other components as weight in grams minus water, fiber, ash, 

fat, and protein content (Hidasi Nora and Amha Belay, 2018). 

 

% 𝑪𝒂𝒓𝒃𝒐𝒉𝒚𝒅𝒓𝒂𝒕𝒆=𝟏𝟎𝟎−[%  𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆+% 𝑪𝒓𝒖𝒅𝒆 𝒑𝒓𝒐𝒕𝒆𝒊𝒏+%  𝑭𝒂𝒕+% 𝑨𝒔𝒉+% 𝑭𝒊𝒃𝒆𝒓] 

 

Energy (kcal) was calculated according to the following equation: 

𝑬𝒏𝒆𝒓𝒈𝒚 (𝑲𝒄𝒂𝒍)=𝟒∗𝑪𝒓𝒖𝒅𝒆 𝒑𝒓𝒐𝒕𝒆𝒊𝒏+𝟒∗𝑪𝒂𝒓𝒃𝒐𝒉𝒚𝒅𝒓𝒂𝒕𝒆+𝟗∗𝑭𝒂𝒕 

 

Mineral contents of spirulina  

The macro minerals like (Ca, Mg) and Microelements (Zn, Fe)in the dried S. platensis were analyzed 

using the Atomic Absorption Spectrophotometer (AAS) of Perkin-Elmer, Model 2380 in air acetylene 

flame. 

 

Statistical analysis 

Data of proximate composition (Dry matter, moisture content, mineral matter, protein, lipid, fiber and 

carbohydrate) and mineral content spirulina dried using two different drying methods were compared 

using paired t-test.  

 

Results and Discussion 

 

Effect of drying on the chemical composition of S. platensis 

The proximate composition of S. platensis is presented in Table 1. Significant variation was observed in 

the chemical composition during the course of drying. The dry matter content and total carbohydrate were 

significantly higher (p<0.05) in oven dried spirulina as compared to solar tent dried. Moisture content and 

crude protein content is significantly higher (p<0.05) in solar tent dryer as compared to spirulina dried 

using oven drying method. There is no statistical difference in crude fat and crude fiber between solar tent 

and oven dried spirulina. 

 

Table 1. Chemical composition of S. platensis dried using oven and solar tent dryers 

Composition (g/100 g)     Oven drying    Solar tent drying  

Dry matter      91.84± 0.04a   90.60 ±0.052b 

Moisture content    8.16± 0.04b   9.39 ±0.052a 

Crude protein      61.02± 0.12b   64.14 ±0.28a 

Crude ash/ Mineral matter   10.37± 0.04b   12.71 ± 0.04a 

Crude fat      1.43± 0.09a   1.37± 0.05a  

Crude fiber      0.93 ± 0.05a   0.94 ± 0.04a 

Total carbohydrate     18.06 ± 0.19a   11.42 ±0.18b 

Gross Energy Value (Kcal/100 g)  314.68    329.30 
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The drying condition has been proven as an important factor that affect the composition of algae. The 

results of proximate analysis showed that dry matter, carbohydrate and lipid contents are higher in 

spirulina dried using oven as compared to spirulina dried using solar tent dryer. The range between 550c 

and 60 °C was represented as an optimum drying temperature to recover maximum quantities of lipids, 

proteins and vitamins (Lyes Bennamoun et al., 2015). Best drying condition to recover phycocyanin is 

temperature of 550C and sample thickness 3.7 mm (Oleviera et al., 2010). For storage and preventing of 

spoiling microalgae should be dried till water content is less than10% (Tiburcio et al., 2007). Solar drying 

is the least expensive drying option (Brennan and Owende 2010). In our studies, the moisture content of 

spirulina dried using solar tent dryer is 9.39 ±0.052. Solar tent drying is not recommended for preparing 

an algal product intended for human consumption. The slow solar drying process invariably emit 

unpleasant odor thereby affecting the product quality (Show et al., 2014). Moreover, it is difficult to 

maintain the quality of the end product with solar drying methods, and the slow drying rate due to a low 

temperature can cause biomass degradation. 

 

The percentage of protein was 64.14 ± 0.28 % in solar tent dried spirulina. Based on the results of this 

study, Spirulina has a high protein content, almost doubled the soy beans which have a protein content 

35% (Fithriani and Sinurat, 2019).The protein content depends directly on the intensity and duration of 

the drying treatment that could result in some transformations in the physicochemical state of the 

biological matrix. The protein content of the spirulina dried using solar tent was 64.14 ± 0.28 and it was 

similar to values reported in the literature for spirulina dried using freeze drier (Oliveria et al., 2009; 

Hidasi Nora and Amha Belay, 2018).Drying by the solar drier method is highly weather dependent and 

thus unreliable. The method is also subject to a risk of fermentation and spoilage under prolonged drying 

when the ambient temperature is low (summer). Solar radiation is uncontrollable and un-predictable, the 

main problem of solar heat drying is associated with overheating and unreliability of the operation, which 

is highly dependent on the weather. Typical of cyanobacteria, which are generally poor in lipids, 

Spirulina contains only 4.3 per cent lipids(Belay, 2008). In the present study, the fat content is low in 

oven dried (1.43± 0.09) and solar drier (1.37 ± 0.05), the former study used spray drier for drying of 

spirulina. 

 

Effect of drying on the mineral contents of S. platensis 

The minerals content (g /100g or mg / kg dry matter) in S. platensis dried using oven and solar tent drying 

is represented in Table 2. The level of Calcium is not significantly (p> 0.05) affected by drying 

conditions. However, the content of Magnesium, Iron and Zinc were significantly (p<0.05) influenced by 

drying conditions. The amount of Magnesium and Iron is slightly higher in solar tent dryer as compared 

to oven drying. However, the amount of Zinc is higher in oven dried spirulina. Mineral matter revealed 

that these products contained high amounts of the macro-minerals and trace elements needed in human 

nutrition. The ash level of the present study is higher than the result (7.7) (Shimamatsu, 2004) 

 

Mineral content                                  Oven drying                          Solar tent drying  

Calcium (g / 100 g)   1.59± 0.035a   1.61 ± 0.042a 

Magnesium (g/ 100 g)   0.35± 0.0035b   0.41± 0.0005a 

Iron (mg / kg)    639.9± 6.3b   647.1± 7.7a 

Zinc (mg / kg)    47.9 ±2.1a   19.55 ±1.15b 

https://www.sciencedirect.com/science/article/pii/S1364032115005493#!
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Conclusions and Recommendations  

 

Outdoor cultivation of S. platensisin raceway ponds using underground water was successfully carried 

out, resulting in a 224 μg/L biomass productivity. Filtration is an appropriate harvesting system to remove 

spirulina from culturing medium. Oven and Solar tent drying conditions have adverse effects on chemical 

composition of Spirulina. Because of the slightly higher moisture content of algal biomass, solar tent 

drying is not a very effective method for algal powder production. A moisture content in excess of 8 per 

cent will result in the growth of molds and bacteria in the product. It was observed that the solar tent dried 

biomass did emit unpleasant odor as the drying rate was slow to achieve the dried product in short hours. 

For the production of animal feed, however, sun drying may be an acceptable solution. To find the most 

suitable drying method the further research should done, if spirulina is intended for human consumption. 
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Abstract 

 

Present study evaluated the population status of fish in Lakes Beseka, Finchawa and Melka wakena, 

within the scope of determining their biological reference points with respect to exploitation status. The 

annual commercial fish catch was estimated from annual frame survey and a weekly catch assessment 

survey (CAS) was conducted on each landing site throughout the study period. Fisheries independent 

gillnet selectivity and length at first maturity were estimated from a monthly gillnet setting by using 

multifilament gillnet fleets comprising 60, 80, 100 and 120 mm stretched mesh size. Three alternative 

fitting techniques, namely Shepherd's Length Composition Analysis (SLCA), Projection Matrix 

(PROJMAT) and ELEFAN 1 were used to calculate VBGF parameters. The SLCA indicated higher 

lengths for all the ages followed by the ELEFAN 1 and PROJMAT techniques. The lengths converted into 

age showed that the life span of Cyprinus carpio would be about 6 years in Lake Finchawa. The life span 

estimated by the equation 3/K indicated that the fish may live up to 8 years. The total mortality (Z) of 

Cyprinus carpio estimated by the length converted catch curve method was found to be 0.95 (SE=0.04). 

The catches of Oreochromis niloticus for the year 2016-2017 was estimated at 275 t in Lake Finchawa. 

From the average annual yield, the estimated annual average standing stock was 510 t and the annual 

average total stock was 587 t. The MSY estimated by The Thompson and Bell analysis also showed a 

close MSY of 396 t. The current yield and MSY estimates indicate that the stock of Oreochromis niloticus 

is marginally overfished. 

 

Keywords:  Overfishing, spawning stock biomass, stock recruitment, tropical Fishery 

 

Introduction 

Fisheries management, for harvested fish species rely upon methods for estimating stock Fish stock. Fish 

stock assessment requires estimation of biomass, fitting stock recruitment relationships, developing 

reference points, deriving priors for difficult to estimate population parameters and evaluating 

management strategies (King & King 2007). 

Fishing is a crucial source of livelihood in the rural communities of tropical developing countries, and 

therefore knowledge of the effects of fishery is of utmost importance. Heavy fishing mortality may not 

only reduce population size, but also change the population structure, improve or impair growth, and 

depending on the selectivity of the fishery, may lead to earlier maturation (Jorgensen et al., 2007; 

Mathewos 2013). Overexploitation of fish stocks is notoriously common in fisheries worldwide (Hilborn 

et al., 2003). The management of commercial fisheries clearly requires a good scientific understanding of 

the behavior of the exploited stock or stocks. The science that is used to assess commercially exploited 

species is still dominated by the population models developed some 70 years ago by Beverton and Holt 

(1957) for single-species assessments  

mailto:lemathewos@gmail.com
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Fig. 1. Typical reference points and stock status definitions for stock biomass and fishing mortality. 

 

The limit of fishing mortality that generates biological extinction is F extinction calls for a more 

ecosystem-orientated approach have been voiced for some while, but the paucity of data and the demands 

of multi-parameterized multispecies models means that most ecosystem considerations in practical stock 

assessment tend to be ad hoc manipulations of the single-species approach (Beddington and Kirkwood, 

2007). What has been developed is a realization that effective management requires an understanding of 

how the fishery system is performing relative to reference points. The most commonly used reference 

points are those relating to the size of the stock itself and the fishing mortality that will result in these 

stock sizes, given existing relationships between the stock, recruitment, natural mortality, and growth 

(Fig. 1).  

A typical “target reference point” is the biomass necessary to produce maximum sustainable yield 

(BMSY). However, such targets do not explicitly recognize threats to the stock. To address this issue, 

stock size “limit reference points” are usually used. This is defined or interpreted as the stock biomass 

below which recruitment becomes substantially reduced. Clearly, it is important to avoid situations where 

the stock is at or below this level. Accordingly, management should aim to have, as a target, a level of 

stock size that carries a low risk (allowing for scientific uncertainty) of the stock dropping below the limit 

reference point. This could mean having a target level of fishing mortality that provides stock sizes above 

BMSY. 

Despite studies on the species composition and appropriate gear, no study was carried out regarding the 

fish biomass and exploitation rate in lakes Beseka, Finchawa and Melka Wakena and this study aims at 

fulfilling the gaps in this regard. 

 

Materials and Methods 

 

Study area 

Lake Beseka is located in East Shewa zone, the northern part of the Middle Ethiopian rift valley at the 

near distance to the Afar triangle, which is a triple junction where three plates (Arabian, Nubian and 

Somalian) are pulling away from each other. Lake Beseka is volcanically dammed, endorheic lake, which 
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is situated 190 km from the capital Addis Ababa (Zemedagegnehu and Egizabher, 2004). Finchawa 

reservoir is constructed in 1973 on Fincha’a river, a tributary of the Blue Nile in western Ethiopia, and is 

located at approximately 288 km North West of Addis Ababa between Horo Guduru Wollega with a great 

potential for a multi-purpose dam that would provide power generation and water storage for fisheries and 

sugarcane irrigation. Melaka Wakena reservoir is located between Arsi and west Arsi zones and the 

reservoir was mainly constructed for hydro-electric power. Other information regarding the lakes are 

given in Table 1. 

 

Table 1. Location and area of the study sites 

 

Catch assessment 

The annual commercial fish catch was estimated from annual frame survey and a weekly catch 

assessment survey (CAS) conducted on each landing site throughout the study period. The CAS 

parameters consisted of fishing days, landings (in kg) for each species and effort. The catch per unit effort 

(CPUE) from CAS was raised by a function of the total fishing effort and active fishing days in a month, 

in order to obtain monthly estimates (Stamatopoulos 2002). Size frequency distributions were collated 

monthly, and the modal length was obtained with the graphical method of Bhattacharya (1967). The 

effects of fishing were assessed from the structure of the fish stocks, the maximum individual size and the 

observed length at first maturity. 

Fisheries independent gillnet selectivity and length at first maturity were estimated from a monthly gillnet 

setting by using multifilament gillnet fleets comprising 60, 80, 100 and 120 mm stretched mesh size. The 

panel length of each mesh size was 50 m with a depth of 3 m. Immediately after capture, fishes were 

separated by species and mesh size and the total length (TL) and total weight (TW) of each fish specimen 

were measured and weighted to the nearest mm and 0.1 g, respectively. Fish were then dissected, sexed 

and the gonads were visually assigned a stage of maturity according to the criteria outlined in (Bagenal & 

Braum 1987). To estimate the von Bertalanffy growth function (VBGF) parameters (L∞, K and t0) 

equation (1), was fitted using the LFDA (Mildenberger et al., 2017). 

 

where  Lt is the length at age t, L∞ is the asymptotic length, K is the rate by which L∞ is approached, and t0 

is the theoretical age at zero length.  

 

Three alternative fitting techniques, namely Shepherd's Length Composition Analysis (SLCA), Projection 

Matrix (PROJMAT) and ELEFAN 1 with non-seasonal version were used to calculate VBGF parameters. 

Also, the routine Powell-Wetherall technique available with Tropo fish package in R software was used to 

estimate L∞ and Z/K. Since the suitability of ELEFAN 1 technique is suggested for tropical fish (Pitcher, 

2000), the growth parameters estimated by ELEFAN 1 technique were considered for further analysis of 

stock assessment. Length at age was estimated from the plots of SLCA, PROJMAT and ELEFAN 1, and 

Lake Location Altitude Area 

Beseka 08o55’N;39o52’E 980 40 

Finchawa 09o30’N;40o15’E 2000 280 

Wakena 07o09’N;39o25’E 2300 82 

(1) 
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by the empirical method of Froese and Binohlan (2000). Length at first capture was estimated by plotting 

cumulative percentages of length against length classes. 

The ELEFAN I program fits the growth curve that passes through a maximum number of peaks in the 

length frequency distribution (Pauly, 1984). An index of goodness of fit, called (Rn), was determined by 

R (R Core Team, 2019) using the Tropofish package (Taylor and Mildenberger, 2017). In order to 

compare the growth rates from this study with those of other authors, the standard growth index (Ø) was 

used as a measure of overall growth performance (Pauly and Munro, 1984). The index is defined as: 

 

The mean length of Fish at first maturity (L50), was determined using the method described by 

(Echeverria 1987). The method fits the percentages of mature fish that were grouped in 1 cm length 

classes to the logistic equation (3). 

 

PL= (exp (α + βL)) / (1+exp (α + βL))     (3) 

 

Where PL is proportion of mature fish at length (L) and L is total length (cm), α is the intercept and β is 

the slope of least-squares estimates. Statistical analysis was performed using various packages in R 

statistical software (R Core Team, 2019). 

 

Results 

 

Length at age 

The lengths of Cyprinus carpio were converted into age using growth estimations by the SLCA, 

PROJMAT and ELEFAN 1 techniques (Fig. 2). The SLCA indicated higher lengths for all the ages 

followed by the ELEFAN 1 and PROJMAT techniques. The lengths converted into age showed that the 

life span of Cyprinus carpio would be about 6 years in Lake Finchawa. The life span estimated by the 

equation 3/K (Pauly,1983) indicated that the fish may live up to 8 years. Fig. 2 shows the VBGF 

parameters of Cyprinus carpio estimated using the monthly length, length frequency data by ELEFAN 

techniques. 

 

(2) 
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Fig. 2 VBGF curve of C. carpio by ELEFAN 1 technique 

 

Table 2. VBGF parameters of Cyprinus carpio estimated by different methods 

Method L∞ (cm) K (y-1)  t0 (y) 

SLCA  70.35 0.31 -0.229 

PROJMAT  68.26  0.25 -0.55 

ELEFAN 1  70.97  0.298 -0.180 

Powell Wetherall 65.27    

 

Age distribution in commercial catches 

The age distribution of C. carpio in the commercial catches (Fig. 3) indicated that individuals belonging 

to the age groups 0-4 years supported the fishery. 

 
Fig 3. Age distribution of C. carpio in the commercial catches of Lake Finchawa 

 

Fish Mortality 

The total mortality (Z) of Cyprinus carpio estimated by the length converted to catch curve method was 

found to be 0.95 (SE=0.04). The Beverton-Holt estimation provided the Z value as 1.36 (SE=0.18) which 

was comparable to the value estimated by the length converted catch curve technique. The Powell-Wether 

all method gave the mean Z/K as 3.56 (SE=0.15). The average Z calculated by both lengths converted 

catch curve and Beverton and Holt methods was 1.30. For Cyprinus carpio, the natural mortality 

coefficient (M) calculated by the empirical methods of Pauly (1980) stood at 0.61, respectively. The 

average of the above three values (0.59) was close to the estimate obtained by Pauly’s techniques 

(M=0.61). Hence, for further analysis, the M value was taken as 0.61. The fishing mortality (F) of 

Cyprinus carpio, calculated as total mortality minus natural mortality (F = Z – M) was 0.29. 

 

Length at first capture 
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Fig 4. Length converted catch curves (Fig. a, b, e fishes of Lake Finchawa, Fig b, d, f fishes of Lake 

Beseka, Fig c fish of Lake Wakena) 

 

In the figures, dark circles in represent the points used in calculating (Z) through least squares regression 

lines. The grey circles represent frequencies of fishes either not fully recruited or approaching (L∞), and 

hence discarded from the calculation. The expected frequencies of not fully recruited fishes are added as 

blank circles.  

 

Length at first Maturity 

The breeding season of C. carpio was determined from percentages of fish with ripe gonads taken 

monthly from June 2017 to June 2018. Breeding was not continuous throughout the year; however, the 

most intense breeding activity was from February to April 2018. During high breeding time, 18-20% of 

the females were found with ripe gonads. The proportion of fish with ripe gonads was relatively low 

during the months of October and November. The size at first sexual maturity for female C. carpio was 

17.3 cm FL (Figure 5). The smallest male found with ripe gonads was 15.5 cm FL and weighed 74.3 g 

while the corresponding female was 17 cm FL and weighed.  
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Fig 5. The first maturation (FML50) sizes for female Cyprinus carpio 

 

The size at first sexual maturity of Oreochromis niloticus in Lake Beseka was not significant (P>0.05) 

between sexes. The size at first sexual maturity were 20.4 cm and 42.5 cm for Oreochromis niloticus, and 

Clarias gariepinus, respectively. The breeding season of O. niloticus was determined from percentages of 

fish with ripe gonads taken monthly from September to June Accordingly, O niloticus with ripe gonads 

were caught throughout the years; however, breeding activity was less intense only between December 

and February. 

 

Fig 6. The size at first sexual maturity (L50) of O. niloticus (A) and Clarias gariepinus (B) in Lake Beseka 

 

Yield, Standing stock, Total stock and MSY 

The catches of Oreochromis niloticus for the year 2016-2017was estimated at 275 t. From the average 

annual yield, the estimated annual average standing stock was 510 t and the annual average total stock 

(Biomass) was 587 t. The MSY estimated by The Thompson and Bell analysis also showed a close MSY 

of 396 t. The current yield and MSY estimates indicate that the stock of Oreochromis niloticus is 

marginally overfished. The predicted yield and biomass decreased with the increase of F. The predicted 

total biomass of 510 t decreased to 413 t at F=0.1, to 167 t at F= 0.5 and to 5,235 t at F= 0.6. At F= 2.0, 

the yield and biomass stood at 81 t and 57 t, respectively 

 

The commercial catches of Oreochromis niloticus in Lake Finchawa consisted of fish with crucial 

lengths. The estimated length at first capture was 24.4 cm, and the females matured at the average length 
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of 25.6 cm, and males matured at the average length of 25 cm. During July 

2013 – May 2013, the catches of Oreochromis niloticus from the landings of fishermen consisted 

of about 10% of immature fish (Mathewos., 2013). However, in the present study, the fish measuring up 

to 19 cm of TL contributed to 49% during 2016-17. This clearly indicates that besides immature 

individuals, sizeable portions of mature fish are also caught prior to spawning causing recruitment 

overfishing. The current situation is a matter of management concern and warrants for suggesting the 

legal size for capture. 

 
Fig. 7. Estimates of biological reference points (F0.1 and F35%) and current F (X-axes),  Oreochromis niloticus in 

Lake Finchawa. Corresponding levels of spawning biomass per recruit (SPR) shown in grams (g) 

 

Yield and Biomass-per-recruit for Clarias gariepinus in Lake Beseka 

In the stock of Clarias gariepinus, the yield-per-recruit (Yw/R), total biomass-per-recruit (TB/R) and 

stock spawning biomass-per-recruit (SSB/R) were estimated for the F values ranging from 0-2. It was 

evident that the MSY/R was 115.4 g at F 1.48. However, the current estimated F was 0.68. When F was 

zero, the estimated TB/R and SSB/R were 759 g and 553 g, respectively. These values decreased with the 

increase in F. At the current F equal to 0.68, the values of Yw/R, TB/R and SSB/R were 111 g, 260 g and 

191 g respectively.  

From the empirical equation (Froese and Binohlan, 2000), the optimum length of exploitation was 

calculated at 40.6 cm. The Lopt/L∞ for Clarias gariepinus was calculated at0.48. 

 
Fig. 7. Equilibrium yield-per-recruit and biomasses-per-recruit in Clarias gariepinus against F (Yw/R, yield-per-

recruit; SSB/R, stock spawning biomass-per recruit; TB/R, total biomass-per-recruit) in Lake Beseka. 

 

Discussion 
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As is the case in many inland fisheries (Allan et al. 2005; Welcomme et al. 2010), catch rates are 

decreasing, fish communities are changing, and larger, more valuable, species are being replaced by 

smaller, much fewer valuable species (Welcomme et al. 2010). As a result, impoverished rural fishing 

communities have become trapped in a cycle of declining individual catches resulting from increased 

effort, reduced mesh sizes and ultimately use of environmentally destructive fishing gears such as small 

mesh beach seine nets lined and monofilament gill nets to catch the few remaining small fish, unrelenting 

effort 

Modal progression analysis successfully validated the growth rates determined from length to age 

converted distribution and supports outputs of other studies that used daily growth increments to 

determine growth rates of Oreochromis niloticus (Yosef 1990; Admassu & Ahlgren 2000). Successful 

recruitment of Oreochromis niloticus populations in Lake Finchawa is fundamental to the recovery of 

their fisheries. Recruitment of fishes is determined by their growth and mortality in their first year of life 

(Nunn et al. 2007). This virtual population analysis of the Oreochromis niloticus stock in Finchawa 

reservoir elucidates the previously unknown exploitation trends and population dynamics of the stock. 

The and F-at-age estimation helped to increase the accuracy of the catch-based method used to estimate 

MSY and to explore the implications of changing F and selectivity. Applying the Catch-MSY method to 

Oreochromis niloticus suggests that the stock is probably being overexploited, similarly to other fish 

stocks of the country (Mathewos, 2013). 

It was found that, exploitation rate in various regions are higher than 0.5 except in Lake Beseka where, it 

was 0.2,  these results indicate that, the stocks of the species under study is a target species and is 

suffering from a high rate of exploitation in the different geographic localities 

 

Conclusions 

A dramatic change occurred in the catch composition of Lake Finchawa Fisheries during the last decade, 

where the size of Oreochromis declined and reached about 60% of the total catch in 2012, while the catch 

of less economic fish species Cyprinus carpio remained constant. This change in catch composition can 

be attributed to many factors including decreased mesh size, increased fishing effort during the spawning 

season and introduction of monofilament nets. 

The population of Cyprinus carpio in wakena reservoir is affected by reproductive stress in which during 

high breeding time, 18-20% of the females were found with ripe gonads. The proportion of fish with ripe 

gonads was relatively low during the months of October and November. The size at first sexual maturity 

for female C. carpio was 17.3 cm FL. In conclusion, C. carpio introduced in Melka wakena Reservoir did 

not adapted successfully. The short spawning period of common carp was favored by the non-ambient 

temperature of the reservoir. The Reservoir requires intensive wetland management in the upper 

catchment to be used as fish breading sites. 
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