
205 

 

P-ISSN: 2305-6622; E-ISSN: 2306-3599 

International Journal of  

Agriculture and Biosciences 
www.ijagbio.com; editor@ijagbio.com  

Research Article 
 

Evaluation of Sesbania macrantha Genotypes as Animal Feed at Lowland and 

Midland Areas: The Case of North Western Tigrai, Ethiopia 
 

Kibrom Gebremedhin*1, Tsegay Gebregergs1, Teklehaimanot Tsigab1 and Abraham Teklehaymanot2 
 

1Shire-Maitsebri Agricultural Research Center, Tigrai Agricultural Research Institute, P.O. Box 492, Mekelle, Ethiopia. 
2Axum Agricultural Research Center, Tigrai Agricultural Research Institute, P.O. Box 492, Mekelle, Ethiopia 

*Corresponding author: kitheki2002@gmail.com 
 

Article History: Received: January 15, 2019 Revised: June 21, 2019 Accepted: July 02, 2019 

 

ABSTRACT 
 

The study was conducted to evaluate forage production performance of different Sesbania macrantha genotypes in 

selected districts of northwestern Tigrai, northern Ethiopia. Five Sesbania macrantha genotypes called SM (Sesbania 

macrantha) 0064, SM 0347, SM 0342, SM 0449 and DZ 0092 (used as standard check, and registered as variety by 

Debreziet agricultural research center) were used for the evaluation trial. Data on emergence days, vigour, days to 

50% flowering, plant height, branching ability, leaf to stem ratio, dry forage yield and chemical composition of the 

genotypes were collected. The collected data were analyzed using two way ANOVA and descriptive statistics. SM 

0449 and SM 0342 had (p <0.05) shortest germination dates at Tahtay-Koraro whereas, it was similar at Tselemti and 

Laelay-Adyabo   for all genotypes. SM 0342 was earlier (P<0.05) to reach 50% of flowering stage (141 days) at 

Tselemti, but it was similar at Tahtay-Koraro and Laelay-adyabo. Plant height of SM 0342, DZ 0092 and SM 0064 at 

Tselemti, SM 0347 at Tahtay-Koraro, SM 0347and SM 0342 at Laelay-Adyabo   were tallest compared to the other 

genotypes (p <0.05). Total dry matter forage yield of SM 0342 and SM 0347 was higher at Tselemti and Tahtay-

Koraro respectively (p <0.05), but both genotypes had similar yield at Laelay-adyabo. SM 0342 (20.3%), SM 0347 

(20.2%) and SM 0064 (21.5%) had relatively higher CP content relative to DZ 0092 (standard check) and SM 0449. 

Therefore, SM 0342 at Tselemti and Laelay-adyabo, and SM 0347 at Tahtay-Koraro were performed well and 

recommended to their respective districts to fulfill feed shortage of the area.  
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INTRODUCTION 

 

Livestock production is an important sector for the 

smallholder farmers of Ethiopia which contributes for 

food, income, organic manure and other services (Gizaw 

et al., 2013). Ethiopia as well as Tigrai region is endowed 

with huge ruminant population which can be estimated up 

to 116 million and 10 million respectively (CSA, 2016), 

although their productivity is very low. Feed shortage in 

terms of quantity and quality is among the main obstacles 

mentioned repeatedly for increasing livestock productivity 

(Adane and Girma, 2008; Yayneshet, 2010). The common 

ruminant feed types in most parts of Ethiopia are natural 

pasture and crop residues which comprise about 55.3 and 

31.3 percent respectively (CSA, 2016). These feed types 

are characterized by their bulkiness and poor quality due 

to high concentration of lignin and low protein and energy 

content (Keftasa, 1987; Aregheore, 2000). Natural 

pastures also have low proportion of legumes which are 

known as protein sources to the animals (Yihalem et al, 

2006) and cannot support the maintenance requirement of 

animals especially during the dry season (Zinash et al., 

1995). In addition, the availability and type of these feed 

resources are dependent on altitude of an area, farming 

system, type of crop produced, intensity of cultivation and 

season (Williams et al., 1997; Alemayehu, 2006; Hassen 

et al., 2010).  

Sesbania one of the multipurpose and drought 

tolerant trees uses for forage production, nitrogen fixation 

(Mengistu et al., 2002), fuel wood, and soil and water 

conservation. Sesbania macrantha is one of the sesbania 

species which is described as fast to emerge with rapid 

growth rate and higher biomass yield than other species of 

sesbania with relatively higher nutritional value and 

digestibility (Mgangamundo et al., 1999; Mengistu et al., 

2002). This species is also suitable for improving fallows 

 

 

Cite This Article as: Gebremedhin K, T Gebregergs, T Tsigab and A Teklehaymanot, 2019. Evaluation of Sesbania 

macrantha genotypes as animal feed at lowland and Midland areas: the case of Northwestern Tigrai, Ethiopia. Inter J 

Agri Biosci, 8(4): 205-209. www.ijagbio.com (©2019 IJAB. All rights reserved) 

mailto:kitheki2002@gmail.com


Inter J Agri Biosci, 2019, 8(4): 205-209. 
 

 206 

because of its ability to produce higher branch and leaf 

(Mgangamundo et al., 1999). Therefore, introduction and 

evaluation of different sesbania macrantha genotypes in 

the study area can help to increase quantity and quality of 

animal feed and improving ruminant productivity. The 

objective of the study was to select the most adaptive and 

best performing sesbania genotypes in the area. 

 

MATERIALS AND METHODS 

 

Study area  

The study was conducted at northwestern Tigrai, 

northern Ethiopia which contains six districts namely 

Medebay-Zana, Tahtay-Koraro, Asgede-Tsimbla, 

Tselemti, Laelay-Adyabo and Tahtay-Adyabo. The 

administrative zone is endowed with a total ruminant 

population of 3.9 million (CSA, 2016). The primary feed 

resources of the study districts are crop residues, natural 

pasture and hay (Yayneshet, 2010). Crops like sorghum, 

maize, finger millet, Taff and rice are commonly grown 

crops at the districts during the rainy season.  

Three of the districts (Tselemti, Laelay-Adyabo and 

Tahtay-Koraro) were randomly selected for the study, and 

the evaluation trial was conducted for two rainy seasons 

(2017 and 2018). The genotypes were sowed on mid of 

June, which is the time when the rainy season starts. 

 

RESULTS AND DISCUSSION 

 

Experimental Design and Data collection  

The trial was conducted using randomized complete 

block design with three replications and five sesbania 

macrantha genotypes (sesbania macrantha 0064, 

sesbania macrantha 0449, sesbania macrantha 0342, 

sesbania macrantha 0347 and DZF 0092 (as standard 

check)) in a 20 m2 plot size. The plots were divided in to 

four rows with 1 m inter row spacing, and seeds were 

sowed with 0.5 m spacing. The measurements taken 

during the study were germination days (the number of 

days between sowing and emerging date), vigor (the 

performance of the plants in a plot at 50% of flowering 

stage graded from 1-5, 5 given to the best performed), 

maturity days (the number of days between emergence 

date and 50% of flowering stage), plant height (the height 

of the plant from the base to the tip of the plant in 

centimeter at 50% of flowering stage), branching ability 

(number of branches per plant), dry biomass (the total 

weight of sun dried forage yield harvested at 50% of 

flowering stage in kg/plot and converted to ton/ha), leaf to 

stem ratio (the ratio of leaf to stem of dried forage).  

 

Chemical composition  

Sesbania samples were taken from the leaf and edible 

stem part of the plant. Each sample was dried at 60℃ for 

72 hours and ground in a Wiley mill to pass through a 1 

mm sieve. The ground samples were analyzed for DM, 

Ash, and N according the procedures of Association of 

Official Analytical Chemists (AOAC, 1985). In-vitro dry 

matter digestibility (IVDMD) was estimated by 

procedures of Tilley and Terry (1963) as modified by Van 

Soest and Robertson (1985). Neutral detergent (NDF), 

acid detergent fiber (ADF), and acid detergent lignin 

(ADL) were also estimated based on the procedures 

indicated at Van Soest and Robertson (1985). Organic 

matter (OM), Crude protein (CP), hemicellulose, and 

cellulose were estimated as follows:  

 

OM % = 100- Ash % 

CP = N * 6.25 

Hemicellulose = % NDF - % ADF, and Cellulose = % 

ADF - % ADL 

 

The collected data were analyzed using two way 

ANOVA of statistical analysis software (SAS) to 

investigate the effect of accession across location and its 

interaction. Significantly different means were compared 

using least significance difference at P<0.05.  

 

Growth performance 

The germination rate and growth performance of 

sesbania macrantha genotypes are presented in Table 2. 

The Genotypes differed (P<0.05) in their germination 

dates at Tahtay-Koraro where SM 0449 and SM 0342 had 

shortest values compared to the other genotypes unlike to 

Tselemti and Laelay-Adyabo   that was similar for all 

genotypes. Shorter germination dates of the genotypes at 

Tahtay-Koraro could be related to the relatively light soil 

of the area compared to other two tasting locations. 

Similar to this result, (Mengistu et al., 2002) reported the 

fast emergence ability and higher growth rate of sesbania 

macrantha than other sesbania species, which helps the 

genotype to bear up weed competition in light soils. 

Although, SM 0347 was late in germination, the genotype 

reach 50% flowering earlier, which supported it to be 

vigorous and taller than the other evaluated genotypes. 

The score given for the observed stand performance 

(vigour) of the genotypes at 50% flowering stage was 

similar at Tselemti and Tahtay-Koraro but, SM 0342 and 

SM 0347 had highest score at Laelay-Adyabo (p <0.05).  

The number of days to 50% flowering stage after 

sowing of the genotypes were found different (p <0.05). 

According to the result, SM 0342 was earlier to reach 

50% of flowering (141 days) at Tselemti. The genotypes 

had similar number of days to 50% of flowering at 

Tahtay-Koraro and Laelay-Adyabo   except SM 0449 that 

was late to mature at Tahtay-Koraro. Considering 

locations the genotypes required shorter number of days 

from emerging to forage harvest (50 % of flowering) at 

Tahtay-Koraro (117 days) followed by Laelay-Adyabo 

(144.8 days) and Tselemti (146.3 days). Regarding plant 
 

Table 1: geographical location and climatic conditions of study districts 

Districts  Geographical location Agro-ecology (%) Temperature (℃) Annual rainfall (mm) 

North  East  High land  Mid land  Low land  Minimum  Maximum  Minimum  Maximum  

Tselemti 13.4-13.9 37.8-38.7 2.65 19 78.4 24 39 650 800 

Laelay-Adyabo 14.1-14.7 37.9-38.5 0 39.4 60.4 27 39 605 1370 

Tahtay-Koraro 13.9-14.3 38.1-38.5 0 77 23 18 27 800 1000 

Source: OOARD (2016). 
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Table 2: Days to emergence, vigour and Days of 50% flowering of sesbania macrantha genotypes sown across the three sites 

Treatments/genotypes Parameters (mean ± S.E.) 

Days to emergence Vigour Days to 50% flowering Plant height 

Tselemti 

SM 0449 14.7ab ±0.33 4.33 ±0.21 153.7a ±0.56 192.8b ±1.92 

SM 0342 15.3a ±0.42 4.51 ±0.22 141c ±0.52 204.2a ±2.6 

DZ 0092 14.7ab ±0.42 4.17 ±0.4 145.5bc ±1.34 202.5a ±2.17 

SM 0064 14.2b ±0.31 4.33 ±0.33 146b ±2.35 206.5a±1.96 

SM 0347 15.7a ±0.21 4.33 ±0.33 146.5b ±2.09 192b ±2.63 

Mean 14.9b±0.18 4.33a ±0.13 146.3a ± 1.0 199.6b ±1.46 

P-value  0.04 0.963 0.00015 0.00015 

Tahtay-Koraro 

SM 0449 9.83d ±0.40 3.5b ±0.5 121.5a ±0.43 217.8c ±5.1 

SM 0342 9.33d ±0.21 4.5ab ±0.34 115ab ±2.73 226.2c ±5.38 

DZ 0092 12.5b ±0.22 4ab ±0.37 116.2b ±2.55 221.7c ±2.8 

SM 0064 15.2a ±0.48 3.83ab±0.31 115.5b ±1.77 237.3b ±1.41 

SM 0347 11.3c ±0.33 4.67a ±0.33 117b ±0.97 249.2a ±1.66 

Mean 11.6c ± 0.41 4.10a ± 0.18 117b ± 0.87 230.4a ±2.61 

P-value  <.001 0.197 0.1158 <.0001 

Laelay-adyabo 

SM 0449 16.3b ±0.42 2.83 ±0.31 148a ±2.18 178.3b ±2.17 

SM 0342 17.7a ±0.21 2.67 ±0.33 146.7ab ±1.52 198.8a ±2.64 

DZ 0092 16.8ab ±0.47 3.33 ±0.21 143.2b ±1.19 169c ±1.83 

SM 0064 16.7ab ±0.21 3.33 ±0.21 143b ±0.577 166.5c ±1.43 

SM 0347 17.3ab ±0.33 3 ±0.26 143.2b ±1.28 169c ±1.90 

Mean 16.9a ± 017 3.03b ± 0.12 144.8a ± 0.72 176.3c ±2.37 

P-value  0.02 0.323 0.05546 <.0001 

Means with the same letter in the same column are not significantly (P<0.05) different. 

 
Table 3: Branching ability, leaf to stem ration and total dry 

matter yield of sesbania macrantha genotype sown across the 

three sites. 

Treatments/ 

genotypes 

Parameters (mean ± S.E.) 

Branching 

ability 

Leaf/stem 

ratio 

Dry matter 

yield  

Tselemti 

SM 0449 19.8b ±0.42 0.624a ±0.014 4.97d ±0.04 

SM 0342 21.5a ±0.22 0.598b ±0.018 7.14a ±0.04 

DZ 0092 17.0c ±0.21 0.554c ±0.017 4.69e ±0.07 

SM 0064 17.0c ±0.31 0.514d ±0.023 6.49c ±0.12 

SM 0347 21.0a ±0.49 0.51d ±0.025 6.88b ±0.05 

Mean 19.267 ±0.36 0.560 ±0.01 6.02a ±0.19 

P-value  <.0001 <.0001 <.0001 

Tahtay-Koraro 

SM 0449 20.3b ±0.58 0.624a ±0.043 4.63d ±0.149 

SM 0342 22a ±0.6 0.607b ±0.023 6.35b ±0.036 

DZ 0092 16d ±0.26 0.56c ±0.025 4.98c ±0.049 

SM 0064 17c ±0.56 0.506d ±0.026 6.8a ±0.036 

SM 0347 20.67b ±0.33 0.511d ±0.031 6.72a ±0.026 

Mean 19.20 ±0.29 0.562 ±0.02 5.89a ±0.17 

P-value  <.0001 <.0001 <.0001 

Laelay-adyabo 

SM 0449 21.17b ±0.42 0.623a ±0.030 4.83c ±0.06 

SM 0342 23.83a ±0.58 0.605b ±0.019 6.47a ±0.13 

DZ 0092 15.33d ±0.42 0.555c ±0.018 4.4d ±0.16 

SM 0064 15.17d ±0.42 0.514d ±0.020 6.17a±0.17 

SM 0347 19.83c ±0.48 0.512d ±0.015 6.41a ±0.14 

Mean 19.067 ±0.99 0.562 ±0.02 5.65 

P-value  <.0001 <.0001 <.0001  

Means with the same letter in the same column are not 

significantly different (P<0.05). 

 

height of the genotypes SM 0342, DZ 0092 and SM 0064 

at Tselemti, SM 0347 at Tahtay-Koraro, SM 0347 and SM 

0342 at Laelay-Adyabo   were highest compared to the 

other genotypes (p<0.05). The vigorous behavior and 

higher plant height of SM 0342 and SM 0347 genotypes 

can be a mirror for superior performance and forage yield. 

Branching ability and Dry forage yield  

Branching ability, leaf to stem ratio and total dry 

forage yield of sesbania macrantha genotypes are 

presented in Table 3. The number of branches per plant 

(branching ability) of SM 0342 was higher (P<0.05) than 

the other evaluated genotypes at Tselemti (21.5) and 

Laelay-Adyabo (23.83) whereas, similar with result of SM 

0347 at Tahtay-Koraro (20.67). This higher number of 

branches per plant of SM 0342 can be a good indicator for 

forage production potential of the genotype as supported 

by Mgangamundo et al. (1999) who stated the suitability 

of Sesbania macrantha for supplying quality fodder 

during dry season, improved fallows and relay cropping 

systems because of greater branch and leaf biomass 

production.    

The ratio of leaf to stem of SM 0449 was higher than 

the other genotypes at all tasting locations followed by 

SM 0342 (P<0.05). Higher leaf yield of sesbania 

macrantha compared to other sesbania species is also 

indicated in (Mengistu et al., 2002) report. Dry forage 

yield of SM 0342 and SM 0347 was higher (P<0.05) at 

Tselemti and Tahtay-Koraro respectively, unlike to 

Laelay-Adyabo that was obtained similar yield from these 

two genotypes. Similarly, Mengistu et al (2002) also 

reported superior dry forage yield of sesbania macrantha 

in light soil types than other species of sesbania, although 

it was preceded by Sesbania quadrata in heavy soil types 

at its first cut. 

 

Nutritional composition and digestibility  

In general, the evaluated genotypes have similar 

nutritional composition Table 4. Considering their crude 

protein (CP) content SM 0342 (20.32), SM 0347 (20.21) 

and SM 0064 (21.52) had relatively higher content as 

compared to DZ 0092 (standard check) and SM 0449. 

This CP content is in general within the range of protein 
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Table 4: Chemical composition of sesbania macrantha genotypes 

Accession Chemical composition (%) 

DM Ash OM CP NDF ADF Hemi-cellulose Cellulose ADL IVDMD 

SM0449 93.74 7.47 93.53 18.74 37.64 22.70 14.94 7.31 15.39 54.45 

DZ0092 93.45 7.67 92.33 17.91 42.97 33.41 9.56 15.34 18.07 54.59 

SM0342 93.98 7.60 92.40 20.32 38.55 27.79 10.76 10.99 16.80 58.61 

SM0347 93.95 7.07 92.93 20.21 33.45 24.25 9.20 8.55 15.70 57.17 

SM0064 94.08 6.99 93.01 21.52 38.27 23.27 15.00 10.81 12.46 54.59 

 

specified as acceptable level (7.8 - 8%) for maintenance 

and production of ruminants (Vansoest, 1982). According 

to Lonsade (1989) feeds are classified as low, medium 

and high protein sources if they contain less than 12%, 12 

- 20% and greater than 20% crude protein respectively. 

Therefore, SM 0342, SM 0064 and SM 0347 can be 

considered as high protein source feeds, and SM 0449 and 

DZ 0092 are classified as medium protein sources. In 

general, the feed types obtained from these genotypes are 

also considered as supplemental feeds, which can be used 

as potential supplement feeds for grass hay and crop 

residue based feeding systems. In addition, the standard 

check had relatively higher acid detergent fiber (33.4%) 

than the other evaluated genotypes. In-vitro dry matter 

digestibility (IVOMD) of SM 0342 (58.6%) and SM 0347 

(57.2%) were relatively higher than other genotypes. The 

result of this digestibility shows the potential of these 

sesbania macrantha forages as good digestible feed for 

ruminants. But, Mengistu et al (2002) reported relatively 

higher value of in vitro dry matter digestibility than the 

result of this study in light soil and second cutting which 

could be related to the soil type and number of cutting. 

 

Conclusion and Recommendation  

• SM 0342 was fast to reach 50% flowering stage that 

required 141 days and gave an opportunity for 

selecting the genotype to Tselemti district. Regarding 

to Tahtay-Koraro and Laelay-Adyabo   almost all 

evaluated accessions required similar number of days 

to 50% flowering stage from sowing date.  

• Plant height of SM 0342, DZ 0092 and SM 0064 at 

Tselemti, SM 0347 at Tahtay-Koraro, and SM 0347 

and SM 0342 at Laelay-Adyabo   during harvesting 

stage (50% flowering) was higher, that shows the 

potential of producing higher forage yield for their 

respective districts.  

• Total dry forage yield of SM 0342 and SM 0347 was 

super at Tselemti and Tahtay-Koraro respectively, 

with similar yield at Laelay-Adyabo.  

• The crude protein content of SM 0342, SM 0347 and 

SM 0064 was relatively higher as compared to DZ 

0092 (standard check) and SM 0449.  

• Therefore, based on the obtained result and observed 

performance SM 0342 at Tselemti and Laelay-

Adyabo, and SM 0347 at Tahtay-Koraro were 

performed well. SM 0342 was evaluated by the 

national variety releasing committee and registered as 

a variety to the specified areas and similar agro-

ecologies to help in solving animal feed shortage. 

 

REFERENCES 
 

Adane Hipra and Girma Abebe 2008. Sheep and goat 

production hand book for Ethiopia. Ethiopian sheep 

and goat productivity improvement program 

(ESGPIP). 

Alemayehu Mengistu 2006. Country pasture/forage 

resource profiles: Ethiopia. FAO (Food and 

Agriculture Organization of the United Nations), 

Rome, Italy.  

Aregheore E M 2000. Crop Residues and Agro-industrial 

By-products in Four Pacific Island Countries: 

Availability, Utilization and Potential Value in 

Ruminant Nutrition. Asian Aus. Animal Science, pp: 

266-269.  

CSA 2016. Ethiopian Agricultural Sample Survey. 

Volume II. Report on livestock and livestock 

characteristics. Statistical Bulletin 583. CSA, Addis 

Ababa, Ethiopia. 

Gizaw S, Abegaz S, Rischkowsky B, Haile A, Mwai A O 

and Dessie T 2013. Review of sheep research and 

development projects in Ethiopia. International 

Livestock Research Institute (ILRI), Nairobi, Kenya. 

Hassen A, Ebro A, Kurtu M, and Treydte AC, 2010. 

Livestock feed resources utilization and management 

as influenced by altitude in the Central Highlands of 

Ethiopia. Livestock Res Rural Dev, 22(229): 

https://lrrd.cipav.org.co/lrrd22/12/hass22229.htm 

Keftasa D 1987. Role of crop residues as livestock feed in 

Ethiopian highlands. In African Forage Genetic 

Resources, Evaluation of Forage Germplasm and 

Extensive Livestock Production Systems. 

Proceedings of a Workshop Held in Arusha, 

Tanzania, pp: 430-439.  

Lonsdale C 1989. Raw materials for animal feed 

compounders and farmers. Straights (Book) 

Chalcombe publications, Great Britain, 17-47. 

Mengistu S, Keftasa D and Yami A 2002. Productivity of 

four sesbania species on two soil types in Ethiopia. 

Agroforestry Systems 54: 235–244   

Mgangamundo M A, A G Mugasha and S A O 

Chamshama 1999. Performance, of Provenances of 

Sesbania macrontha at Gairo, Morogoro Tanzani. 

Tanzania. J Agric Sci, 2(1): 27-36.  

OoARD (office of agriculture and rural development) 

2016. summary of annual report study districts. 

Owen E and Jayasuriya M C N 1989. Use of crop residues 

as animal feeds in developing countries. Research and 

Development in Agriculture, 6(3): 129-138.  

Tilley J M A and R A Terry 1963. "A two‐stage technique 

for the in vitro digestion of forage crops." Grass and 

forage science18.2: 104-111. 

Van Soest P J 1982. Nutritional Ecology of the Ruminants 

O and B books, Corvallis, Oregon, USA. 374p. 

VanSoest P J and Robertson J B 1985. Methods of 

analysis of dietary neutral detergent fiber and non-

starch polysaccharides in relation to animal nutrition. 

J Diary Sci, 74: 3585- 3597. 

https://lrrd.cipav.org.co/lrrd22/12/hass22229.htm


Inter J Agri Biosci, 2019, 8(4): 205-209. 
 

 209 

Williams T O, Fernández-Rivera S and Kelley T G 1997. 

The influence of socioeconomic factors on the 

availability and utilization of crop residues as animal 

feeds. Crop residues in sustainable mixed crop. 

Livestock Farming Systems, pp: 27- 40. 

Yayneshet Tesfaye 2010. Feed Resources Availability in 

Tigrai Region, northern Ethiopia, for Production of 

Export Quality Meat and Livestock. Ethiopia Sanitary 

& Phytosanitary Standards and Livestock & Meat 

Marketing Program (SPS-LMM). 

Yihalem Denekew, Berhan Tamir and Solomon Melaku 

2006. Effect of harvesting date on composition and 

yield of natural pasture in north western Ethiopia: 

www.InterScience.Wiley.Com/Journal/ 1122250621. 

Zinash Sileshi, Syoum Bediye, Luelseged Gebrehiwot and 

Tadesse Teklesadik 1995. Effects of harvesting stage 

on yield and quality of natural pasture in the central 

high land of Ethiopia. pp: 316-322. in: Proceeding of 

3rd annual conference of the Ethiopian society of 

Animal Production (ESAP), Addis Ababa, Ethiopia.   

 

 


