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sample households from forest product collection 

varies with the sex of household heads and the 

variation is statistically significant (p < 0.01). Male 

headed household generate a higher mean income 

($1887.16) per year or 44% of their total annual 

income from forest product collection, compared to 

female headed households ($867.3) which make 

32% of their total annual income from forest product 

collection (Table-1). This proves that income 

generated by male headed households from forest 

products were more than double of that made by 

female headed households. The reason for this 

variation in income are likely to be associated to the 

fact that some forest product collection are labor 

intensive require physical strength that females may 

not possess, some valuable forest product like honey 

produced by hanging beehive and coffee are 

managed in the forest mainly by male headed 

households and other forest products that exist in 

remote forest are also collected by only male family 

members.  

The results from the present work agree with earlier 

reports that female headed households generate less 

income from dry forest products compared to male 

headed ones in Liben and Afdher zone, southeastern 

Ethiopia, (Adefires et al., 2014). The result is 

contrary to the finding in northwestern and southern 

lowlands of Ethiopia, which, indicates that male 

headed household generate less income from forest 

products compared to female headed households 

(Teshome et al., 2015), which may be due to cultural 

differences, forest type, and forest product types.  
 

Gender Based Difference in the Major Types of 

Forest Products and its Share in Forest Income 

As shown in Table-2, of the total income generated 

from forest products by households ($1553.75), the 

three major forest products: firewood, honey and 

coffee together, contributes to 84.1% of forest 

income. The contribution by the three forest product 

varies with the sex of the household head and the 

variations are statistically significant (p < 0.01), 

where the mean income for female headed 

households was lower ($610.4) taking 70.4% of the 

total forest income compared to that of male headed 

households ($878.6) contributing 46.56% of the 

forest income. The mean income of male headed 

households is more than that of female headed 

households but female headed households depend 

more on income from firewood collection.  

 

 

Table 2. Gender based difference on contribution of different types of forest products  

Forest product Mean income Sig 

Total 

sample  

% Female 

headed  

% Male 

headed  

% 

Firewood 790.93 50.90 610.40 70.40 878.60 46.56 0.00 

Coffee 358.76 23.10 67.60 7.70 500.62 26.50 0.00 

Honey 157.50 10.10 93.90 10.80 188.37 10.00 0.00 

Other forest 

products 

246.55 15.90 96.20 11.10 319.56 16.90 0.00 

Total 1553.75 100.00 868.10 100.00 1887.16 100.00  

 

The mean income from coffee is about $67.6 or 

7.7% of forest income for the female headed 

households and $500.62 or 26.5 % of forest income 

for their male headed counterparts, showing that the 

mean and relative incomes from coffee for male 

headed households are higher than female headed. 

The result also indicated that majority of the coffee 

resources in the forest are managed by male headed 

households. The average income from honey was 

about $93.90 for female-headed households and 

$188.37 for male-headed households, respectively, 

making only about10% of their total forest income 

(Table 2). Male headed households generate double 

the income of female headed households due to the 

fact that forest honey are labor intensive and volume 

varies by the sex of producers. Hanging beehives in 

the forest are mainly practiced by head of 

households. The other forest products such as 

fencing wood, tree fern (Seseno), charcoal, split 

wood (Gejo), stringer (Mager), Cardamom 

(Aframomum corrorima), climber, timber (Tawula), 

split wood for house wall construction (Filt), mortar, 

plough, yoke, pestle and bamboo together contribute 

about 15.9% of the total income from forest of the 

households. There is also a significant variation in 

income from those forest product with the sex of 

household heads (p < 0.01), where female headed 

households generate lower ($96.2 or 11.1%) of their 

forest income than male headed households ($319.56 

or 16.9% of their forest income from those forest 
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products). The lower contribution of these forest 

products is due to lower market price, low frequency 

of collection and their small amount needed. 
 

Types and Quantity of Collected Forest Products 

The results showed that all households collect forest 

products as also indicated in earlier reports by 

Alemayehu et al (2015) and Gadisa (2019) regarding 

the Chilimo forest, Ethiopia. Although the entire 

family members participate in the collection of forest 

products, which is similar to the reports from Falgore 

game reserve in Kano, Nigeria (Muhammad et al., 

2017), the quantity and type of products collected 

varied with the gender of the collectors. 

Accordingly, only 4 types of forest products 

(firewood, charcoal, coffee and cardamom) were 

collected by females, while the products that mostly  

request processing and value addition activities 

timber, Seseno (tree fern), Gejo, fencing wood, Filt, 

climber, mortar, pestle, honey, bamboo, Stringer 

(Mager), plough and yoke were collected by male 

(Table 3). Moreover, males collected more types of 

forest product than females did which was similar to 

the result from a global comparative study that 

concluded male dominates the collection and 

marketing of forest product (Sunderland et al., 2014). 

Most forest products require physical strength and 

their collection is considered as the responsibility of 

males in many cultures where females are not 

allowed to go far away from home and they are 

responsible for activities at home.  

The average quantities of forest products collected 

annually by male headed households are more than 

the amount collected female headed households 

(Table-3). Annually an average of 750 human load 

of firewood are collected by the sample households, 

out of which 1.3% were collected by female, 46.2% 

by male and 52.5% by both male and female. An 

average of 12.9 quintals of charcoal was produced 

annually per household, with female headed 

households taking 77.8% with the rest being co-

produced by male and female. Coffee was another 

forest product collected by both male and female, an 

annual average of 226.8 kg collected per household 

with 15.5% , 5.8% and 78.6% were collected by, 

female, male and both males and females, 

respectively. Annually an average of 6.35 kg of 

cardamom was collected per household, out of which 

14.7% were collected by female, 5.9% by male, and 

79.4% by both female and male (Table-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Types and quantity of collected forest products by sample households with gender perspective 
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Forest 

product 

Unit of 

measureme

nt 

Average quantity collected per 

household per year 

Collector of forest product 

Female Male Both 

Total 

sample 

Female 

headed 

Male 

headed 

N % N % N % 

Firewood  Human 

load 

750.00 578.82 833.14 2 1.30 72 46.20 82 52.50 

Timber  Number 2.40 0.40 3.36   23 100   

Charcoal  Quintal 12.90 0.60 18.90 14 77.80   4 22.20 

Tree fern 

(Seseno) 

Number 149.40 85.90 180.20   115 100   

Gejo Number 41.40 20.00 51.70   97 100   

Fencing 

wood 

meter 82.95 26.50 110.38   133 100   

Filt Number 25.00 14.30 31.30   45 100   

Climber  Bundle 24.50 8.20 32.40   144 100   

Mortar  Number 1.30 0.40 1.70   98 100   

Pestle   Number 5.00 1.00 6.90   123 100   

Honey  Kilogram 91.90 54.8. 109.90   135 100   

Coffee   Kilogram 226.80 42.20 316.50 16 15.50 6 5.80 81 78.60 

Plough  Number 1.20 0.94 1.40   135 100   

Yoke  Number 1.40 0.70 1.70   112 100   

Cardamom  Kilogram 6.35 2.50 8.20 15 14.70 6 5.90 81 79.40 

Bamboo  Number 9.70 2.57 13.10   66 100   

Stringer 

(Mager) 

Number 86.50 48.60 104.90   155 100   

N-frequency of households; %-percentage 
 

 

Types and Quantity of Marketed Forest Products  

Although the quantity and type of marketed forest 

products vary with gender (Table-4), all family 

members have roles of supplying and selling the 

forest products. The result from the household 

survey indicated that all the collected types of forest 

products were not supplied to the market and that 

timber and split-wood are collected for home 

construction. Further, the study revealed that from 

the collected forest products, honey and firewood 

are the highest and lowest types of products supplied 

to the market by the households. Females have the 

role of supplying and marketing only one type of 

forest product (i.e., charcoal); whereas males sell 

many forest products with higher values. This 

implies that male household members have more 

dominant power in the collection and marketing of 

forest product than female. The results of the present 

study are similar to those results in the literature 

(Sunderland et al., 2014). 
 

Over 90% the total collected charcoal, coffee and 

honey are provided to the market, providing income 

sources for the households. Although from total of 

collected cardamom and climber, 75.6% and 65.3%, 

respectively are sold and almost half of the collected 

bamboo, mortar and fencing wood are supplied to 

the market.  Other forest products collected in small 

quantity are also provided to the market. There is 

also a variation in quantity and type of forest 

products supplied to market with gender, where 

male headed households supplied large amount and 

many types of product than female headed 

counterparts. The forest products supplied by female 

headed households to the market are limited to fire 

wood, charcoal, coffee and cardamom.   
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Table 4. Types and quantity of marketing forest products by sample households with gender 

perspectives 

Forest 

product Unit of 

measure

ment 

Average quantity marketed 

of forest product per 

household per year 

Forest product marketed by 

Female Male Both 

Total 

sample 

Female 

headed 

Male 

headed 
N % N % N % 

Firewood  Human 

load 
16.15 14.11 17.14     6 100 

Charcoal  Quintal 12.50  18.60 12 100.00     

Tree fern 

(Seseno) 
Number 28.20  41.90   12 100.00   

Split wood 

(Gejo) 
Number 10.60  15.84   10 100.00   

Fencing 

wood 
meter 36.90  54.85   12 100.00   

Climber  Bundle 16.00  23.77   11 100.00   

Mortar  Number 0.70  1.10   10 100.00   

Pestle   Number 2.60  3.84   12 100.00   

Honey  Kilogram 89.14 53.10 106.6   135 100.00   

Coffee   Kilogram 207.40 36.90 290.3 13 13.70 1 1.10.00 81 85.20 

Plough  Number 0.37  0.55   12 100.00   

Yoke  Number 0.40  0.65   12 100.00   

Cardamom  Kilogram 4.80 1.57 6.35     53 100.00 

Bamboo  Number 4.80  7.20   8 100.00   

Stringer 

(Mager) 
Number 28.20  41.90   12 100.00   

            N-frequency of households; %-percentage   
 

 

 

Gender Based Difference in Cash Income from 

Forest Products  

There is a significant variation in the annual cash 

income (p < 0.01) from forest products based on the 

sex of household heads.  The sale of forest product 

contributes $169.43 per year to female headed 

households and $812.14 per year to male headed 

households. The reason for the variation in cash 

income from forest product by gender might be due 

to the provision of diversified products to market and 

availability and efficient use of family labor for 

collection of forest products by the male headed 

households. 

There is a statistically significant variation in cash 

income from marketing of coffee, honey and 

cardamom (p < 0.01). The marketing of coffee 

contributes a cash income of $58.31 and $459.2 to 

female and male headed households per year, 

respectively. Managing coffee in forest is labor 

intensive and protecting from wild life and human 

destruction are beyond females control and are 

mostly managed by male resulting in higher income. 

Annually honey contributes a cash income of $91.06 

and $182.74 to female and male headed households, 

respectively. Female headed households generate 

$5.17 and male headed households generate $20.93 

from marketing of cardamom. Generally, male 

headed households generate higher cash income by 

providing diverse and more quantities of forest 

products to market than female headed households 

do. 
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APPENDIX 

Appendix-1 Socio-economic characteristics of sample households 

No.  Socio-economic characteristics Total sample  Male headed Female headed 

1 Age  47.17 48 45 

3 Family size  6 7 4 

4 Land size  2.96 3.2 2.5 

5 Livestock owning  (TLU) 7.48 8.1 6.2 
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Irrigation Water Requirement and Scheduling 

For the sake of time, lack of daily soil moisture 

determination instruments and shortage of labor, 

daily ETc value was scheduled to be applied in four 

days irrigation intervals delivering water (ETc) every 

four days. The values (Table 3) indicated that low 

ETc values were observed at the beginning of the 

growing season. The ETc was observed increasing 

gradually and attained a maximum during mid-

season crop growth stage and subsequently 

decreasing through the late-season. The values of 

IRn, IRg and irrigation scheduling at four days 

irrigation interval during the growing season were 

applied considering the rainfall during the 

experimental season (February and March) which 

was subtracted from the scheduled ETc value where 

only net irrigation requirement (IRn) was applied to 

the intended treatments (Table 4). Gross irrigation 

(dg) was calculated by taking the different loses into 

account. The result indicated that the maximum 

amount of crop water requirement was applied at the 

mid growth stage. 
 

 

Table 4. Crop water requirement in four days irrigation interval 

Stages Date /irr. interval/ ETo (mm) Kc ETc (mm d-1) Eff. RF (cm) IRn (mm) Dg (mm) 

Initial 18-Dec 14.80 0.60 8.88 0.00 8.88 14.80 

17-days 22-Dec 14.80 0.60 8.88 0.00 8.88 14.80 

 
26-Dec 14.80 0.60 8.88 0.00 8.88 14.80 

 
30-Dec 14.80 0.60 8.88 0.00 8.88 14.80 

 
3-Jan 14.40 0.60 8.64 0.00 8.64 14.40 

Devt 7-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

29-days 11-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

 
15-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

 
19-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

 
23-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

 
27-Jan 14.40 0.80 11.52 0.00 11.52 19.20 

 
31-Jan 14.40 1.10 15.84 8.00 7.84 13.07 

Mid 4-Feb 15.60 1.10 17.16 8.40 9.16 15.27 

37-days 8-Feb 15.60 1.10 17.16 14.00 3.16 5.27 

 
12-Feb 15.60 1.10 17.16 12.00 5.16 8.60 

 
16-Feb 15.60 1.10 17.16 0.00 17.16 28.60 

 
20-Feb 15.60 1.10 17.16 15.00 2.16 3.60 

 
24-Feb 15.60 1.10 17.16 13.00 4.16 6.93 

 
28-Feb 15.60 1.10 17.16 0.00 17.16 28.60 

 
4-Mar 16.80 1.10 18.48 15.00 3.48 5.80 

 
8-Mar 16.80 1.10 18.48 10.00 8.48 14.13 

Late 12-Mar 16.80 0.90 15.12 9.50 5.62 9.37 

21-days 16-Mar 16.80 0.90 15.12 9.00 6.12 10.20 

 
20-Mar 16.80 0.90 15.12 12.00 3.12 5.20 

 
24-Mar 16.80 0.90 15.12 11.00 4.12 6.87 

 
28-Mar 16.80 0.90 15.12 0.00 15.12 25.20 

 
1-Apr 4.20 0.90 3.78 0.00 3.78 6.30 

104-days Total 
  

365.58 136.9 229.08 381.80 

 
 

Net Irrigation Water Applied 

Net irrigation water applied to each treatment 

determined by subtracting effective rainfall in table 5 

below. The total effective rainfall during the 

experimental season was 136.9 mm. 
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for T1 (control). Fiber has been proved to affect the 

diet's physical texture and increase birds' feed intake 

to meet energy needs. Contrary to the current report 

Zewdu and Berhan, (2014) reported similarity in 

mean feed intake when brewery dried yeast was 

included up to 30% of the starter ration. Similarly, 

Meseret et al. (2012) observed no significant 

difference in the feed intake of chicken fed on a 

ration containing up to 25% brewery dried grain. As 

the level of BDG increased (p<0.05) there was a 

reduction in hen housed egg production. Higher feed 

intake reduced feed efficiency and depressed egg 

production of birds that are fed on rations with high 

levels of BGD, which could be attributed to high 

fiber levels in the diets. High fiber diets could result 

in less availability of active ingredients for the birds. 

The birds, therefore, ate more to satisfy their energy 

requirement for production and maintenance. It was 

observed, too, that higher feed intake of birds on 

high levels of BDG did not support higher egg 

production. Birds on high levels of fiber diets 

consumed much feed but produced lesser number of 

eggs (Obidimma et.al., 2010).  

The low fiber content in T1 and T2 favors the 

increments of egg production. In agreement with the 

current report Gebremedhin et al. (2020) reported a 

significant decrease in HDEP at 30% brewery spent 

grain inclusion level which might be due to the high 

fiber content of the treatment. The egg weight was 

similar among treatments which is consistent with 

the reports of Fakhraei et al. (2010) but in contrast to 

Yangtul et al. (2013) and Mafeni and Fombad (2001) 

who observed significant progressive increments in 

egg weight as BSG level increases to 30%. A higher 

(p<0.05) feed conversion ratio (FCR) was observed 

in hens reared in T3, T4 and T5 compared with those 

of T1 and T2 diets. Higher feed conversion ratio 

means low feed efficiency which was obtained at 

higher inclusion level of brewery dried grain. 

Similarly, Mafeni and Fombad and (2001) reported 

that 20% to 30% BDG inclusion increased feed 

required to produce a dozen of eggs. Naulia (2002) 

reported 14.56% inclusion of groundnut cake 

resulted in better feed conversion ratio than 22.9 and 

31.44% of inclusion levels. The result from the 

present study, however, disagreed with the reports of 

Kevin et al. (2006) who reported reduced feed 

conversion ratio at 40% levels of BDG inclusion. 

 

Table 3. Feed intake and egg production performance of Bovans brown layer chicken fed with brewery 

dried grain as a replacement to soybean meal  

Parameters  
Treatments  

T1 T2 T3 T4 T5 SEM P value 

Final body weight (g) 1682 1681 1683 1683 1682 16.2 0.985 

Total egg number per hen 77.5a 73.3b 70.4c 67.4d 66.6d 29.1 0.0001 

Average egg weight (g) 62.4 61.6 60.3 60.4 61.2 10.2 0.2761 

Total egg mass (kg hen-1) 4.7a 4.5b 4.2c 4.2c 4.1c 0.15 0.0001 

Hen-housed egg production 86.1a 81.4b 78.2c 74.9d 74.0d 35.9 0.0001 

Total feed intake (kg hen-1) 9.92e 9.95d 9.99c 10.01b 10.1a 3.0 0.0001 

 FCR (kg feed kg-1 egg mass) 2.1c 2.2b 2.4a 2.5a 2.4a 0.04 0.0001 

SEM = standard error of mean; BDG= brewery dried grain; T1= ration containing 0% BDG as an inclusion; 

T2 = ration   containing 6.5% BDG as an inclusion; T3 = ration containing13% BDG as an inclusion; T4 = 

ration containing 19.5% BDG as an   inclusion; T5= ration containing 26% BDG as an inclusion. 
 

External Egg Quality Parameters 

Egg length, egg width, egg shape index and shell 

thickness were significantly different (Table 4). Shell 

thickness in T2, T3, T4 and T5 was higher (p<0.05) 

than T1. The lower shell thickness in T1 compared 

with other treatments might be due to the calcium 

content of brewery dried grain for the treatment diets 

which was higher than the control. Uchegbu et al. 

(2011) observed similar egg shell thickness (0.39 

mm) for Bovans Whites fed diets containing a 

combination of brewery dried grain, jack bean and 

cassava root meal. The egg thickness in the current 

experiment was lower than the egg shell thickness 

(0.39 mm) reported by Sinha et al. (2017) for Rhode 

Island Red. Niraj et al. (2014) also reported higher 

egg shell thickness (0.41 mm) for Rhode Island Red 

fed under intensive management. Egg shell thickness 

is an important quality parameter for table eggs and 

is affected by calcium and phosphorus contents of 

the diet. Eggs with low-quality shells contribute to 

economic losses in the production of eggs for 

consumption (Sinha et al., 2018). The egg length in 

T1 was higher (p<0.05) than in the other treatment 

with a similar value. Egg length and width depend on 
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the weight of the egg. In the current study higher egg 

weight was obtained in T1 but not significantly 

different from others. The highest egg weight was 

related to the highest egg length and width for T1 

compared to the other treatments (Table 5). 

Dzungwe et al. (2018) found strong correlation 

between egg weight, egg length and width. The egg 

length ranged between 53.91 and 56.43 mm in the 

current experiment, which is in line with the report 

by Ahmedin and Mangistu (2016) where the average 

mean egg length was 56.4 for the Bovans brown 

layer breed. The highest (p<0.05) egg width was for 

T1 and T2 and there was no significant difference in 

the shell weight values. The highest shape index was 

obtained in T5. The range of shape index in the 

current experiment (77.35-79.07 mm) is higher than 

that reported by Duman et al. (2016; 72-76 mm). 

Liswaniso et al. (2020) reported an egg shape index 

of 76 mm which is within the range of values in the 

current experiment in layers fed free range or 

scavenging type. 

 

Table 4. External egg quality for Bovans brown layers fed on BDG as a replacement for soybean meal  

Parameters  
Treatments 

T1 T2 T3 T4 T5 SEM P value 

Dry shell weight (g) 6.23 6.15 6.03 6.04 6.12 0.102 0.2761 

Shell thickness (mm) 0.33b 0.35ab 0.35a 0.35a 0.35a 0.0004 0.0481 

Egg length (mm) 56.43a 55.43ab 54.52bc 54.10c 53.91c 2.359 0.0001 

Egg width (mm) 43.9a 43.3ab 42.5bc 41.9c 42.6bc 2.362 0.0023 

Egg shape index (%) 77.74b 78.07ab 77.91ab 77.35b 79.07a 2.882 0.0434 

SEM = standard error of mean; BDG= brewery dried grain; T1= ration containing 0% BDG as an inclusion; 

T2 = ration containing 6.5% BDG as an inclusion; 13 = ration containing13% BDG as an inclusion; T4 = 

ration containing 19.5% BDG as an inclusion; T5= ration containing 26% BDG as an inclusion  

 

Internal Egg Quality Parameters 

Albumen weight, yolk weight, yolk height, Haugh 

unit, yolk width, and yolk index were similar (p > 

0.05) among treatments (Table 5). The similarity of 

egg quality characteristics may suggest that brewery 

dried grain can replace soybean meal in the Bovans 

brown layer ration without affecting egg quality 

parameters. The yolk height for T1 was greater than 

that of T3 but similar to other treatment groups. The 

range of yolk height (17.03-17.33 mm) in the current 

experiment is lower than the results (17.84 mm and 

17.41 mm) reported by Dessalew et al. (2015) for 

Bovans and Isa browns under the village production 

system. The range of the albumen height (6.71-6.83 

mm) in the current experiment is comparable to that 

reported by Yonas et al. (2019) with a mean albumen 

height of 7.1 mm for the Bovans brown breed. 

Haugh unit (81.60-82.4) in the current experiment is 

similar to the reported values by Niraj et al. (2014; 

82.15) for the similar breeds. However, the current 

finding is lower than the result (87.45) reported by 

Tadesse et al. (2015) the same breed. Consistent with 

the current finding Mafeni  and Fombad (2001) 

reported similarity in Haugh unit by including up to 

30% brewery dried grain in the diet of breeder 

chickens. On the other hand, Egg yolk color is a very 

important factor in consumer satisfaction and 

influences human appetite (Oke et al., 2014; Nigussu 

et al., 2019) with a preference for golden yellow to 

orange (Hasin et al., 2006). The average value of 

albumen weight, albumen height, Haugh unit, yolk 

width and yolk index did not vary among treatments. 

Yolk color score decreased with increasing levels of 

BDG, the highest value corresponding to T1. The 

mean yolk color scores of the treatments in this study 

ranged between 4.5 and 5.5 which could be less 

satisfying for consumers in many parts of the world 

(Senbeta et al., 2015) including Ethiopia (Dessalew 

et al., 2015) where the preference is for deeper 

yellow yolk color. From this research it can be 

concluded that the replacement of BDG with 

soybean meal did not affect most of the internal 

quality of eggs from the Bovans brown layer hens 

and hence can be used as replacement for soybean 

meal up to 26% as safe level. 

 

Table 5. The effect of replacement of soybean meal with BDG on internal egg quality parameters  

Parameters  
Treatment 

T1 T2 T3 T4 T5 SEM P value 

Albumen weight(g)  37.43 36.93 36.17 36.27 36.73 3.68 0.2761 

Albumen height (mm)  6.83 6.81 6.82 6.71 6.80 0.076 0.6511 
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However, the productivity of the sector is far below 
its potential due to the high cost and limited 
availability of modern beekeeping equipment and 
accessories, inferior quality of honey, presence of 
honeybee enemies, inadequate research and 
extension services, and shortage of skilled man 
power (Abebe et al., 2016). In the Benishangul 
Gumuz region, beehives are hanged on trees and 
harvesting honey is done by destroying the colony, a 
practice that is not only affecting the quantity and 
quality of harvested honey, but also greatly reducing 
the number of colonies in the area.  

Governmental and non-governmental organizations 
have been trying to introduce improved beekeeping 
practices for cooperatives and individual beekeepers. 
The interventions aim to improve honey bee 
productivity, poor honey bee colony management, 
and honey quality by introducing modern beekeeping 
technologies. Nevertheless, studies show that in 
different areas of the region, 91.8% of beekeepers 
use traditional and inefficient hives, and only 4.1% 
use modern hives, and another 4.1% use transitional 
hives (Fikadu, 2018). Additionally, the report from 
the relevant office of the region the Bureau of 
Agriculture and Rural Development (BOARD) 
(2011, unpublished) indicated that only 4.5% of 
colonies were being hived in improved box styles.   
 
But little intervention was made to improve the 
existing traditional and inefficient honey production 
system. In the potential district of the region, study 
showed that the honey yield per hive per year from 
the traditional hives (3.3- 6.5 kg) is lower as 
compared to the modern hive (14.3- 15.7 kg) (Abebe 
et al., 2016). In the study areas, adoption level of the 
modern hive and other beekeeping technologies 
remain low, necessitating the assessment of the 
relevant personal attributes, environmental factors, 
and institutional as well as socioeconomic 
characteristics in the adoption of modern hive 
technology as a critical dimension. Moreover, factors 
that limited the adoption of box hive technology by 
beekeepers in the area were unknown. Therefore, this 
study was designed to identify factors that influence 
the adoption of modern box hives and suggest proper 
intervention options to improve adoption of modern 
beekeeping technologies for a better livelihood 
impact in the Benishangul Gumuz region. 
 
MATERIALS AND METHODS  
Description of the Study Area  
This study was conducted in the Assosa zone 
(Bambasi and Homosha) and Mao-Komo special 

woreda of the Benishangul Gumuz regional state. 
Assosa town, the capital of Benishangul Gumuz, is 
located 670 km west of Addis Ababa. Bambasi is 
located 45 km south of Assosa, Mao-Komo special 
woreda is located approximately 105 km south of 
Assosa town and Homosha is located about 35 km 
west of Assosa town. Benishangul Gumuz regional 
state is located between geographical coordinates of 
10° 38' 20.45" N latitude and longitude 35° 43' 
58.92" E with altitudes ranging from 1272 to 1573 m 
above sea level. The mean annual rainfall and 
temperature in the region range between 700 to 1450 
mm and 21 to 35°C, respectively (AMS, 2008). 
Major crops grown in the areas are sorghum, maize, 
finger millet, soya bean, and groundnut. Minor crops 
produced include noug (Guizotia abyssinica), tef 
(Eragrostis tef), haricot bean, hot pepper, sweet 
potato, banana, and coffee. The livestock species 
commonly kept are goats, cattle, chickens, and 
donkeys in their orders of importance. 
 
Sample Size and Sampling Technique 
A three-stage sampling technique was applied to 
select the respondents. From seven districts of the 
Assosa zone, the first two districts and Mao-Komo 
(special woreda) were purposely selected taking into 
account their potential for honey production. 
Subsequently, three kebeles from each district and 
special woreda were selected based on honey bee 
colony potential and road access. The beekeepers 
were stratified into two groups which constitute 
adopters and non-adopters of improved box hives. 
Within each kebeles, 15-20 beekeepers were selected 
purposely from adopters and non-adopters. The 
sampling frame consisted of the list of beekeepers in 
the kebeles identified in collaboration with the 
Development Agents. The beekeepers who adopted 
one or more modern hives technology before and 
during 2019 were considered as adopters, while non-
adopters were those who used traditional hives only. 
This definition may exclude those who stopped using 
of the technology and those who have intestinally 
adopted it. For this study 66 adopters and 99 non-
adopters (total of 165 beekeepers) were selected 
randomly from the lists of beekeepers.  
 
Data Source, Type and Collection Techniques  
Formal survey methods were used to collect the 
required data and informal surveys were conducted 
to develop a rapid understanding of beekeepers' 
circumstances and problems. Both primary and 
secondary data were used in this study. Primary data 
were collected from sample household heads, while 
secondary data such as the number of bee colonies, 
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Table 4. Colonies and hives without colonies in the study areas. 

*** Significant at p < 0.001;** significant at p < 0.01; * significant at p < 0.05, 2015-2019= the last five year 
total honey yield per beekeepers 
 

 
Figure 1. Bamboo-made traditional hive collected after honey harvest 

 
 

Types of Bee Keeping 
Majority of beekeepers in the study areas practice 
forest beekeeping followed by backyard beekeeping 
(Figure 2). As Compared to adopters majority 
(91.9%) of non-adopters keep honeybee colonies in 
the forest by hanging traditional hives on trees up to 
harvest. Some adopters had both traditional and 
modern hives, placing modern hives in the backyard 
and traditional hives in a forest. A large chunk of the 

beekeepers (71.5%) harvest all the available products 
in the traditional hives collected to a point that 
causes colony migration. The main reason reported 
for keeping honeybee colonies in the forest area is to 
protect family, neighbors, and livestock from bees 
attack as the honeybee race in the region (Apis 
mellifera scutallata) has aggressive behavior 
(Amssalu et al., 2004). 
 

 

Variables Adopter (N= 66) Non-adopter (N= 99) Combined (N=165) t 
Honeybee colony 9+12.5 16.73+18.91 13.68+13.07 2.91**

*  
Traditional  7.01+12.21 16.73+18.91 - - 
Modern  2.03+2.97 - - - 

Hives without colony 10.69+18.49 16.81+18.49 14.4+17.22 2.257*
*  

Traditional  9.02+14.85 16.81+18.49 - - 
Modern 1.15+ 2.28 - - - 

Honey yield in the last 5 year     
Traditional hives (kg) 151.25+158.57 371.39 +478.34 - - 
Modern hives (kg) 133.43+172.18 0.00 - - 
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Figure 2. Type of beekeeping system in the study area 
 
 
Challenges of Beekeeping in the Study Areas 
The major challenges of keeping honeybees in the 
study areas are indicated in Table 5. Honey bee pests 
and predators were the most important challenges of 
keeping honeybees for both adopter and non-adopter 
respondents. These include ants, spiders, hive 
beetles, honey badgers, wax moths, monkeys, 
lizards, and likes in order of importance. This finding 
is in agreement with Abebe et al. (2016) who 
previously reported similar pests and predators of 
honey bees in three agro-ecology of Benishangul 
Gumuz. Shortage of beekeeping materials, especially 
modern beekeeping equipment, and accessories was 
the second most important constraint for adopter 

beekeepers. These include; a box hives, casting 
molds, frame wires, honey extractors, and containers. 
Lack of extension support, indiscriminate application 
of agrochemicals, and the unaffordability of 
beekeeping equipment and accessories were among 
the top-ranked challenges for adopter beekeepers. 
Similarly, absconding, lack of extension support, and 
shortage of beekeeping materials were among the 
most important challenges for non-adopter 
beekeepers. Thus, alleviating these constraints could 
be an important breakthrough to enhance the 
production and productivity of the beekeeping sector 
in the region. 
 

 
Table 5. Challenges of beekeeping in the study areas 
Challenge  Adopter Non-adopter 

N(Index) Rank N(Index) Rank 
Shortage of beekeeping materials 46(0.162) 2 40(0.078) 5 
Death of colony 1(0.005) 13 3(0.005) 12 
Drought 6(0.018) 11 7(0.010) 10 
Marketing 6(0.013) 12 10(0.020) 9 
Beekeeping skill 10(0.029) 8 18(0.036) 8 
Lack of credit facility 1(0.003) 14 0(000) 14 
Low-quality beekeeping materials 8(0.023) 10 4(0.006) 11 
High cost of beekeeping materials 39(0.100) 5 28(0.038) 6 
Disease, pest, and predators 60(0.250) 1 97(0.289) 1 
Shortage of bee forage 16(0.041) 7 15(0.003) 13 
Reduction of honey bee colonies 12(0.026) 9 24(0.038) 7 
Indiscriminate application of agro-chemicals 38(0.11) 4 65(0.158) 2 
Lack of extension support 41(0.14) 3 67(0.147) 4 
Absconding 29(0.080) 6 74(0.149) 3 
N= number of respondent 
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9.08 for beekeepers who have had contact with 
extension agents and thus showed that contact with 
development agents had increased the probability of 
adoption by 39.6%. This can be justified by the fact 
that farmers who have contact with development 
agents may have information and access to the 

modern box hive due to their relationship with the 
development agents and could improve the adoption 
of the technology. 

 

 

Table 8. Determinants of Improved Beehives technology adoption 

Variables Coefficient Robust 
SE 

Odds 
Ratio 

Marginal effect 
dF/dX SE 

Households characteristics  
Age (years) 0.055** 0.027 1.05 0.011* 0.005 
Sex (1=Male; 0=Female) -3.297*** 0.845 0.037 -0.663*** 0.014 
Family size (No.) 0.112 0.185 1.120 0.227 0.018 
Beekeeping experience (years) -0.017 0.039 0.983 -0.003 0.006 
Education level  Read and write 0.337 0.965 1.400 0.072 0.246 

Elementary  0.347 0.760 1.416 0.071 0.142 
Literate 2.794*** 1.115 16.36 0.601*** 0.161 

Resource endowment of the beekeepers 
Land size (ha) -0.523** 0.208 0.592 -0.106** 0.049 
Livestock ownership (TLU) 0.462** 0.156 1.587 0.094** 0.04 
Traditional Colony owned (No.) -0.056* 0.030 0.94 -0.010* 0.005 
Location  Bambasi district -2.051** 0.882 0.130 -0.351** 0.138 
 Homosha district -0.231 0.787 0.793 -0.046 0.145 
Access to Extension services 
Awareness of beekeeping practices  3.133*** 0.670 22.95 0.618*** 0.099 
Access to training  0.825 0.669 2.282 0.179 0.161 
Contact with Extension Agents  2.089*** 0.601 9.08 0.396*** 0.112 
Constant -2.232 2.132 0.011   
Observations  165     
Log likelihood -46.61     
LR chi2 (15) 95.49     
Pseudo R2 0.5855     
Prob>chi2 0.0000     
NB: SE= standard Error, dY/dX if for discrete change of dummy variable from 0 to 1, 1*** p < 0.01, ** p < 
0.05, * p < 0.1, No.= Number, TLU= Tropical Livestock Unit. 
 
 
CONCLUSIONS  
In summary, the results of descriptive statistics and 
econometric models showed that the determinants of 
adopting modern box hives include demographic, 
resource endowments, and institutional factors 
specific to the beekeepers and support institutions. In 
the Benishangul Gumuz region, the major 
determinant factors influencing adoption of modern 
box hives include the gender of the beekeepers, level 
of education, total land, and livestock ownership, the 
number of the traditional colonies , location, 
awareness of beekeeping practices, and contact with 
extension agents. The results further revealed that 
there is a high gender influence where male 

beekeepers are more likely to adopt the technologies 
compared to the female counterparts. Therefore, a 
policy message can be drawn that to fill the gender 
gap in modern bee hive adoption, priority and special 
support should be mechanized for female-headed 
households during the provision of the technology as 
women have less access to and control over factors 
of production. Moreover, all stakeholders along the 
extension system should work on promotion, 
training, designing improved packages of beekeeping 
practices, and building the capacity of beekeepers to 
improve the dissemination apiculture technologies. 
Further, the study indicated that livestock resources 
could complement modern box hive uptakes while a 
higher land area owned by the beekeepers has a 
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