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Abstract 

 
Study on reproductive performance and survival rate of Washera sheep was conducted in 
western highlands of Amhara region. For this purpose Farta and Lay Gaint districts as well 
as Adet Washera sheep breed improvement sub-center of the Amhara region were 
considered. For this study, retrospective data collected from 2007 to 2010 were used to 
evaluate reproductive performance and survival rate of Washera sheep under on-farm and 
on-station management systems. The data were analyzed using general linear model 
procedure of Statistical Analysis System. In the data analysis, management system, lamb 
sex, parity of the dam, birth or lambing season and year and birth type were considered as 
fixed effects. Accordingly, the overall least squares means and standard errors of age and 
weight at first lambing of Washera sheep were 480.3±58.1 days and 20.94±1.5 kg, 
respectively. Similarly, the lambing interval and litter size of Washera sheep were 
283.2±10.07 days and 1.05±0.01, respectively. The overall cumulative mean survival rate of 
Washera sheep for the first month and successive four quarter years from birth were 
0.93±0.02%, 0.83±0.02%, 0.77±0.09%, 0.71±0.03%, and 0.68±0.04%, respectively. From the 
difference observed in survival rate between the on-station and on-farm flocks it come 
into sight that there exists potential to improve survival rate of Washera sheep lamb 
maintained at Adet Washera Sheep Breeding and Improvement Center by identifying the 
main problems in the center. 

 
Keywords: Washera Sheep, Reproductive Performance, Survival Rate, On-Farm, On-Station 
Management 
 

Introduction 
 
Reproduction and survival are fitness traits for which natural selection operates and native 
breeds are better adapted to the ecological conditions prevalent in their home tracts (Riggio et 
al., 2008). They are also the most important traits in all sheep production enterprises since 
productivity is a combined effect of reproductive efficiency, yield and quality of desired final 
products (Mengistie et al., 2011). Reproductive performance is a trait of outstanding importance 
in sheep production enterprises, especially when meat production from young animals is the 
chief aim. In general, the more intensive the meat production system is, the more desirable will 
be the production of large number of young per breeding female (Chukwuka et al., 2010). 
 
Survival of lambs, particularly those in larger litters, is dependent on the levels of nutrition and 
management in a flock (Roberts, 2000). Since lamb survival is an important trait; it largely 
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affects the total profit of the farm (Kahsa, 2009). In sheep production, lamb survival is an 
important economic trait (Riggio et al., 2008). Lamb survival is of major economic importance 
to sheep producers’ world-wide since most lambs are sold primarily for mutton (Ajoy et al., 
2007). The good body condition and high survivability are the two main requirements for a 
profitable sheep enterprise (Purusothaman et al., 2008).  
 
Indigenous breeds are crucially important today and will continue to be valuable in the future 
(Chukwuka et al., 2010; Mirkena et al., 2010). The purpose of this study was to evaluate the 
reproductive performance and survival rate of Washera sheep breed under on-farm and on-
station management systems in the study areas.  
 

Materials and Methods 
 

Description of the Study Area 
 
The study was conducted under on-farm and on-station management systems in Farta, Lay 
Gaint, and Yilmana Densa districts of Amhara Region, Northwest Ethiopia. Farta district is 
situated at 11°40  N latitude and 38° E longitude and located at about 100 km north-east of 
Bahir Dar, capital city of the Amhara Region, Ethiopia. It lies within an altitude range of 1920-
4135 m.a.s.l. The district receives an average annual rain fall of 900-1099 mm and a mean-range 
temperature of 9-25 oC The district’s major socio- economic problem is food insecurity 
(Alemtsehay and Girma, 2006). 
 
Lay Gaint district is located 175 km from Bahir Dar and lies between altitude ranges of 1300-
3500 m.a.s.l. It receives an annual average rain fall of 600-1100 mm and mean minimum and 
maximum temperatures of 9 and 190C, respectively (ENMA, 2009). It is characterized by 
drought; sever soil erosion, poor soil fertility, frost, and shortage of arable land, crop disease 
and pest hail damage, landslide and feed shortage (South Gander Zone BOA, 2008). 
 
Adet Washera sheep improvement sub-center is found in Yilmanadensa district which is 
located at about 40km in south-east of Bahir Dar 11°10 –11°15  N and 37°30 –37°40  E at an 
altitude range between 1500 to 3000 m.a.s.l. It has a uni-modal type of rainfall receiving a mean 
annual rainfall of about 1270 mm (1051 to 1488 mm) which occurs from May to October 
(ENMA, 2009). 
 

Flock Management 
 

On-Farm Management 
 
According to Shigdaf al. (2009) in the study areas farmers keep sheep in combination with 
other species of animals, usually with cattle and equines, depending on the availability of feed 
resources and the use or function of the animals. The main feed resources for sheep in the 
study area are natural pasture crop residue, improved forage, aftermath and concentrates. 
During crop harvesting times, sheep have access to browse crop aftermath. Breeding is year-
round. All the farmers construct house for their sheep to protect them from sun, rain, wind, 
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theft and wild animals (Shigdaf, 2011). Since the start of data collection, animals have been de-
wormed for internal parasite three times a year, at the end of rainy season, at mid dry season 
and at the onset of rainy season. Animals have been also sprayed for external parasites when 
tick infestation is high. Vaccination against pasteurellosis, anthrax and black leg has been 
given once a year. 
 

On-Station Flock Management 
 
Flocks on the station had on average eight to ten hours grazing time per day depending on the 
season.  However, during the rainy season, the duration is shorter. Sheep graze on a natural 
pasture during the day and supplemented with hay and crop residue. Sometimes, suckling 
animals with their lambs had access to concentrate supplementation. The sheep also had 
access to clean water.  
 
Herding is based on age, sex and breeding groups that lambs to weaning, growing lambs, 
breeding ewes and rams were herded separately during the day and kept housed in separate 
house except suckling ewes and lambs that were put together during the night. Breeding was 
so controlled that it was designed to lamb three times in two years. Breeding ewes in a group 
run with a ram (1 ram to 25 ewes) during the mating season and they were not allowed to mix 
with each other, each flock had an attendant. All animals were vaccinated, de-wormed for 
internal parasite and sprayed for external parasite. Sick animals were also treated.  
 

Data Collection and Management 
 
The data from sheep managed on-farm were collected from October 2007 to September 2010 
were used. These data were collected from flocks of 110 households by trained enumerators on 
monthly supervision by researchers from Andassa Livestock Research Centre.  Reproduction 
and survival data have been collected by trained enumerators and farm attendant using a 
structured recording format since 2007. Records of reproduction data were collected on a 
permanent recording sheet within 24 hours of lambing and have ewe ID, lambing/birth date, 
lamb birth weight, ewe postpartum body weight, type of birth, sex of lamb and parity of dam. 
Animal identification was using permanent plastic ear tags which were applied at birth or 
purchase. All the data collected were entered cleaned and managed using Microsoft Excel 
computer program. 
 

Data Analysis 
 
The collected data were coded and entered into Microsoft excel of 2007 software program for 
further analysis. Preliminary data analysis like normality test and screening of outliers were 
employed before conducting the main data analysis. Data were analysed for management 
system comparison using Washera sheep breed under on-farm and on-station. Data on 
reproductive performance and survival rate were analyzed using linear model procedure of 
statistical analysis system version 9.1 (SAS, 2003). 
The fixed effects considered in this study were management system, lamb, parity of the dam, 
season of birth, year of birth/lambing, lamb birth type and lamb birth weight for survival 
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analysis only. Season of birth was defined as dry (November to April) and wet (May to 
October) (South Gonder Zone BOA, 2008). Lamb birth weight was classified as heavy lambs 
greater than three kilogram, medium lambs two to three kilogram and light lambs less than 
two kilogram based on literature (Mengistie et al., 2011). When analysis of variance declared 
significance, least squares means were separated using Turkey-Kramer test.  The response 
variables analysed were age at first lambing (AFL), weight at first lambing (WFL), lambing 
interval (LI), litter size (LS) and annual reproductive rate (ARR). ARR was calculated as litter 
size multiplied by 365 days divided by lambing interval in days (Fikrte, 2008; Berhanu and 
Aynalem, 2009; Chukwuka et al., 2010). The survival traits coded as binary traits were 
determined by whether or not a lamb survived to the end of each period according to Ngutiet 
al. (2003). Survival was studied to five different age classes (from birth to: 30 days, 90 days, 180 
days, 270 days and 365 days). 
 
Model 1: For analysis of variance of age and weight at first lambing  

  
Yij = µ + Pi + Yj + eij 
Where: Yij = the observation on age and weight at first lambing 
  = Over all mean 
Pi = Management system (i = on-farm, on-station) 
Yj = Fixed effect of ewe birth year (j = 2007, 2008)  
eij = effect of random error 

 
Model 2: Analysis of variance of lambing interval (LI), litter size (LS) and annual reproductive 
rate (ARR) 

 
 Yijklmn = µ + Gi + Pj + Sk + Tl + Ym + Zn + eijklmn 
Where: Yijklmn = the observation on LI, LS and ARR 
  = Over all mean 
Gi= Fixed effect of lamb sex (i = male, female) 
Pj = Fixed effect of ewe parity (j = 1, 2, 3, 4, 5, ≥6) 
Sk = Fixed effect of lamb birth season (k = dry, wet) 
Tl = Fixed effect of lamb birth type (l = single, multiple) 
Ym = Fixed effect of lamb birth year (m = 2007, 2008, 2009, 2010)  
Zn = Management system (n = on-farm, on-station) 
eijklmn = effect of random error 

 
The fixed effect birth type was not used for LS and ARR 

 
Model 3: For analysis of variance of survival rate 

Yijklm = µ + Gi + Pj + Sj + Tk+ Yl +Xn+ Zm + eijklm 
Where: Yijklmno = the observation on survival to different ages. 
  = Over all mean 
Gi= Fixed effect of lamb sex (i = male, female) 
Pj = Fixed effect of ewe parity (j = 1, 2, 3, 4, 5 and ≥6) 
Si = Fixed effect of birth season (k = dry, wet) 



Animal Breeding and Reproduction 2012 

 

                                                                                                                                                             7 
 

Tk = Fixed effect of lamb birth type (l = single, multiple) 
Yl = Fixed effect of lamb birth year (m = 2008, 2009, 2010, 2011) 
Xn = Fixed effect of birth weight of the lamb (n = light, medium, heavy)  
Zm = Management system (o = on-farm, on-station) 
eijklm = effect of random error 

 
Result and Discussion 

 
Reproductive Performance  

 
Age and Weight at First Lambing 

 
The overall least squares mean age at first lambing of Washera sheep was 480.33±58.13 days 
(Table 1). This result was slightly higher than that of Washera sheep in its home area 
(464.2±14.0 days) (Mengistie et al., 2011). This might be partly the effect of controlled mating 
under the on-station and supplementation practice of farmers under on-farm at their early 
puberty time. The overall least squares mean weight at first lambing of Washera sheep was 
20.94±1.50 kg which is comparable with Menz sheep (Demeke et al., 1995). Management 
system has significant effect (P < 0.01) on weight at first lambing the ewes under on-station 
have lower weight than under on-farm (17.03±1.7 kg versus. 23.79±1.4 kg).This lower weight at 
first lambing under on-station might be associated with the feed shortage because of the poor 
and small grazing land at dry season and muddy & flood during wet season .Birth year has also 
significant effect (p<0.05) on birth weight so that ewes born in 2008 have heavier weight than 
ewes born in 2007 (22.22±1.3kg versus. 19.89±1.6kg). This might be as a result of the fluctuation 
of feed availability because of the variation in the amount and distribution of rain fall between 
years that has influence on herbage production and performance of ewe (Berhanu and 
Aynalem, 2009). 
 
Table 1. Least square means and standard errors of age and weight at first lambing of Washera 

sheep under on-farm and on-station 
 

Source of variation N AFL (days) WFL (kg) 

Overall  42 480.33±58.1 20.94±1.5 

CV (%) 42 15.48 10.60 

Management system  NS ** 

On-station 16 500.51±8.44 17.03±1.7 

On-farm 26 457.16±4.76 23.79±1.4 

Birth year        NS * 

2007 20 463.37±5.3 19.89±1.6 

2008 22 498.33±3.5 22.22±1.3 

N = number of observations; NS: Not significant (P > 0.05); AFL= Age at First Lambing and 
WFL = Weight at First Lambing. *P<0.05; **P<0.01 
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Lambing Interval 
 
The overall least squares means and standard errors of lambing interval for Washera sheep was 
283.20±10.07days which is longer than its performance under farmers management at its home 
tract area 268.57±6.22 days (Mengistie et al., 2011). Management system had highly significant 
(P < 0.01) effect on lambing interval for Washera sheep that ewes under station management 
had shorter lambing interval than their on-farm counterparts (263.1±10.78 versus. 303.2±10.21 
days). This difference might be associated with the controlled breeding effect under on-station 
that ewes mated in feed available time and supplementation of feed for pregnant ewes at the 
last gestation period.  
 
Lambing year exerted significant (P < 0.01) effect on lambing interval that ewes lambed in 2007 
have longer lambing interval than ewes lambed in 2008 and 2009. This finding is in line with 
the findings of Mengistie et al. (2011) which reported lambing year has effect on lambing 
interval for Washera sheep in its home area. In the same scenario, birth season has significant 
(P < 0.01) effect on lambing interval in which ewes lambed in wet season have shorter lambing 
interval than ewes lambed in dry season (268.3±11.2 versus. 298.0±10.0 days). The effect of 
season might be associated with the availability of forages, where ewe lambed in wet season 
have got sufficient nutrition and came to heat early after parturition and their lambs grew fast 
and weaned early at younger age. Ewe parity had a significant (P < 0.05) effect on lambing 
interval in which ewes having first parity had the longest lambing interval than ewes with fifth 
parity (298.95±15.02vs. 269.27±12.62 days). The longer lambing interval for young ewes in this 
result might be the longer time they take to recover their body condition after lambing for 
reproduction again. Similar observation was reported for Washera sheep in its home area 
(Mengistie et al., 2011).  

Litter Size 
 
The overall least squares mean litter size was 1.05±0.01 lambs per ewe lambing for Washera 
sheep under on-farm and on-station (Table 2). The obtained litter size in the present study is 
in agreement with similar studies on Menz and Horro sheep (Mukasa-Mugerwa et al., 2002) 
and for Gumuz sheep (Solomon et al., 2011) but lower than the Horro sheep (Solomon and 
Gemeda, 2000).  
 

Annual Reproductive Rate 
 

The overall least squares mean ARR for Washera sheep was 1.4±0.04. The result was 
comparable to Menz sheep (Tesfaye, 2008) but less comparable to local sheep in southern 
Ethiopia (Berhanu and Aynalem, 2009). The smaller ARR recorded in this study was attributed 
to smaller litter size and long parturition interval of sheep. Management system has significant 
(p<0.01) effect on ARR in which ewes under on-station have high ARR value than under on-
farm (1.46± 0.05 versus. 1.40± 0.04). This difference might be associated with the controlled 
breeding under the station that favor for management of pregnant and lactating ewes. Year 
exerted significant (P < 0.01) effect on ARR in which ewes had lambed in 2009 had high ARR 
than ewes lambed in the previous years.  



Animal Breeding and Reproduction 2012 

 

                                                                                                                                                             9 
 

This might be attributed to the variation in the amount and distribution of rain fall between 
years that has influence mainly on natural pasture and performance of ewe (Berhanu and 
Aynalem, 2009). Ewes that have lambed in dry season had lower ARR than in wet season 
(1.43±0.04 versus. 1.45±0.05). This variation could be because of fluctuation of feed availability 
between seasons. Increased parity resulted in increased ARR from 1.18±0.21at first parity to 
1.38±0.22at six and above parity (P<0.05). The effect of parity on ARR also reported by Berhanu 
and Aynalem (2009) that ewes in their early parity showed a smaller ARR than ewes in the 
middle parities.    

 
Table 2. Least squares means and standard errors of Lambing interval, Litter size and ARR of 

Washera sheep under on-station and on-farm management systems 
 

Source of variation Lambing interval (days) Litter size ARR 

N LSM±SE N LSM±SE N LSM±SE 

Overall  904 283.20±10.07 1853 1.05±0.01 904 1.4±0.04 

CV (%) 904 23.38 1853 19.23 904 32.66 

Management  **  NS  ** 

On-station 198 263.19±10.78 364 1.03±0.01 198 1.46± 0.05 

On-farm 706 303.20±10.21 1489 1.05±0.09 706 1.40±0.04 

Birth year        **  NS  ** 

2007 363 308.13±10.54c 645 1.02±0.01 363 1.25±0.04a 

2008 161 256.01±10.49a 708 1.04±0.01 161 1.48±0.04b 
2009 380 286.33±11.74b 331 1.04±0.01 380 1.54±0.05c 

2010  - 169 1.05±0.01  - 

Birth Season  **  NS  ** 
Dry 573 298.05±10.02 876 1.03±0.01 573 1.43±0.04 

Wet 331 268.35±11.21 675 1.04±0.01 331 1.45±0.05 

Birth type  NS  NA  NA 

Single 762 284.59±7.92     

Multiple 142 283.81±15.20     

Parity  *  NS  * 

1 131 298.95±15.02b 261 1.02±0.01 131 1.18±0.21a 

2 222 289.58±13.00b 352 1.04±0.02 222 1.21±0.22a 

3 239 291.96±12.02b 262 1.00±0.03 239 1.30±0.21b 

4 174 276.42±11.17a 342 1.01±0.01 174 1.34±0.20 b 

5 96 269.27±12.62a 315 1.01±0.02 96 1.35±0.20 b 

≥6 42 277.12±14.94a 321 1.01±0.08 42 1.38±0.22b 

Lamb sex  NS  NS  NS 

Female 444 281.43±10.26 894 1.05±0.01 444 1.37±0.04 

Male 460 285.97±10.64 959 1.05±0.01 460 1.30±0.04 
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N = number of observations; Means with different superscripts letters (a, b, c) within the same 
column and class are statistically different; NS: Not significant (P>0.05); NA= Not applicable; 
*P<0.05; **P<0.01; ARR= Annual Reproductive Rate 
 

Ewe Postpartum Body Weight 
 

The overall least squares mean postpartum ewe body weight found in the present study was 
27.55±0.53 kg. The fixed effects management system, lamb season and birth type have a 
significant effect (P<0.001) on postpartum ewe body weight. This finding is in line with the 
finding of Mengistie et al. (2011). Ewes lambed during the dry season were found heavier weight 
than their wet season lambed contemporaries (28.32±0.77 versus 26.74±0.81, p<0.01). Similarly, 
Gbangboche et al. (2006) reported that ewes lambed during the dry season had heavier weight 
than their wet season in Djallonke sheep. Type of birth has a significant effect (P<0.05) on 
postpartum ewe body weight that multiple lambed ewes were heavier than single lambed ewes 
(29.13±1.07 versus. 27.04±0.61). However, Gbangboche et al. (2006) reported, single bearing 
ewes were heavier than twin bearing ones. Mengistie et al. (2011) speculated this partly might 
be related to the positive correlation between ewe body weight and prolificacy as heavier dams 
produced larger litter size (Mellado et al., 2006).  
 
Table 3. Least square means and standard errors of ewe postpartum weight Washera sheep 

under on-farm and on-station management system 
 
Source of variation N LSM±SE 
Overall  566 28.08±0.74 
CV (%) 566 13.60 
Management system  ** 

On-station 355 27.96±0.73 
On-farm 211 29.21±0.83 

Birth year        NS 
2007 80 27.16±0.90 
2008 219 27.36±0.78 
2009 212 29.73±0.81 
2010 115 30.73±0.81 

Birth Season  ** 
Dry 277 28.32±0.77 
Wet 289 26.74±0.81 

Birth type  * 
Single  442 27.04±0.61 
Multiple  124 29.13±1.07 

NS: Not significant (P>0.05); *p<0.05; **P<0.01; Means with different superscripts within the 
same column and class are statistically different. 

 
Survival Rate  

 
The overall least squares mean of survival rates of Washera sheep under on-station and on-
farm from birth to one month, three month, six month, nine month and yearling of age were 
93±0.02%, 83±0.02%, 77±0.09%, 71±0.03% and 68±0.04% (birth to yearling age), respectively. 
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Those findings were in line with the previous reports on Horro and Menz sheep breeds 
(Kassahun, 2000; Solomon and Gemeda, 2000; Solomon, 2002) under on-station management.  
Management system had consistently significant (P<0.01) effect on survival rate for Washera 
sheep lambs in all considered ages that lambs under on-farm have high survival rate than 
lambs under on-station (Table 4). This might be due to the preferential treatment of lambs by 
farmers under on-farm. On top of this, the on station-farm has contribution for transmission of 
pathogens and poor grazing land at dry season and muddy & flood during wet season that 
reduces lamb survival rate. This result was in agreement with previous findings of Mengistie et 
al. (2011) that the survival rate of lambs under field condition is higher than on-station since 
animals in the field move freely and are less crowded which reduces disease risks (e.g. 
pneumonia) and physical injuries. Furthermore, very high stocking rate, herding large number 
of sheep together, deterioration of the grazing area and disease build up with time might have 
contributed to the high death losses of the flock maintained under the station (Solomon and 
Gemeda, 2000).  
 
Birth year had significant effect (P<0.01) on survival rate for Washera sheep lambs from birth 
to nine month and yearling age. Lambs born in 2007 have high survival rate than the other 
followed years that might be due to the fluctuation of feed and rain distribution along with the 
decreasing of grazing land from time to time. In the same scenario, Gemeda et al. (2002), 
Yibrah (2008) and Berhanu and Aynalem (2011) reported that the survival rate difference 
between years may be a reflection of differences in feed availability caused by differences in 
irregularity of rain fall and other climatic factors. The effect of season of birth has significant 
effect (P<0.01) at all considered ages. Lambs born during the dry season have the higher 
survival rate than lambs born at wet season in all considered ages (Table 4). Similarly, Mukasa-
Mugerwa et al. (2000) reported that lambs born in the dry season had better survival than 
lambs born in the wet season under on-station management .However, Berhanu and Aynalem 
(2011) reported also lambs born during the wet season have the lowest survival rate than dry 
season under on-farm management. But this result is not in line with other literature that 
lambs born during the wet season had better survival than lambs born in dry season(Kassahun, 
2000; Solomon, 2002; Berhan and Van Arendonk, 2006; Mengistie et al., 2011). 
 
Sex has significant (P<0.01) effect of on survival of lambs only at nine month age in which 
female lambs have more survival than males (0.72±0.04% versus. 0.69±0.02%). The higher 
survival rate of females might be attributed to preferential treatment of females in terms of 
feed supplementation to ensure the replacement of the flock (Berhanu and Aynalem, 2011). 
This result is consistent with the findings of Kassahun, 2000; Solomon and Gemeda, 2000; 
Yohannes et al., 2005 and Yibrah, 2008 who reported that females survived better than male 
lambs at yearling age under on-station management system. Birth weight of lambs showed 
significant effect (P<0.01) for lamb survival from birth to six month, nine month and yearling 
age. Lambs having light birth weight had lowest survival rate from six month to yearling age 
followed by lambs with medium and heavy birth weight. Similarly, Gemeda et al. (2002) 
reported that increased birth weight showed an increased survival rate of lambs under on-
station management. Markos (2006) also reported that there was a positive relationship 
between birth weight and lamb survival within breed at all ages.  
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Ewe parity has highly significant effect (P<0.01) for survival of lambs from birth to six month 
and yearling ages that lamb survival rate increase up to sixth parity. This result shows that the 
increase of survival rate up to the sixth parity could be the better mothering ability of ewes 
with higher parity in the provision of milk to lambs than ewes in the lower parity that may still 
require nutrients for growth and mammary development. This finding was in line with the 
previous reports of Mukasa-Mugerwa et al. (2000), Gemeda et al. (2002) and Berhanu and 
Aynalem (2011). 

 
Table 4. Least squares means and standard errors of survival (%) of Washera sheep under on-

station and on-farm management systems 
 

Source of  
Variation 

 Survival from birth to: 

N 30 days 90 days 180 days 270 days 365 days 

Overall 1648 0.93±0.02 0.83±0.02 0.77±0.09 0.71±0.03 0.68±0.04 

CV (%) 1648 29.40 40.2 51.3 58.30 62.35 
Management  ** ** ** * ** 

On-station 326 0.88±0.01 0.74± 0.02 0.66±0.03 0.59±0.04 0.57±0.03 
On-farm 1322 0.99±0.01 0.93±0.02 0.88±0.03 0.84±0.04 0.79±0.04 

Birth year  NS NS NS * * 
2007 437 0.99±0.05 0.93±0.02 0.89±0.08 0.87±0.04c 0.79±0.04b 
2008 513 0.89±0.03 0.79±0.02 0.73±0.04 0.67±0.04a 0.63±0.03b 
2009 425 0.91±0.03 0.78±0.02 0.73±0.04 0.70±0.04b 0.71±0.03b 
2010 273 0.94±0.04 0.83±0.02 0.71±0.05 0.72±0.04b 0.59±0.04a 

Birth season   ** ** ** ** ** 
Dry 1188 0.99±0.02 0.90±0.02 0.87±0.03 0.83± 0.04 0.79±0.02 
Wet 530 0.88±0.02 0.76± 0.02 0.66± 0.04 0.60±0.04 0.75±0.02 

Sex of lamb  NS NS NS ** NS 
Female 803 0.94±0.02 0.77± 0.03 0.77±0.03 0.72±0.04 0.69±0.02 
Male 845 0.93±0.02 0.76±0.03 0.77±0.03 0.69±0.02 0.68±0.02 

Birth type  NS NS NS NS NS 
Single 1215 0.92±0.01 0.69±0.05 0.77± 0.03 0.73±0.03 0.71±0.03 
Multiple  432 0.94±0.01 0.72±0.03 0.76±0.04 0.70±0.04 0.66±0.05 

Birth weight  NS NS ** ** ** 
Light 353 87±0.04 0.75±0.01 0.69±0.01a 0.66±0.04a 0.65±0.04a 
Medium 775 0.92±0.02 0.80±0.01 0.72±0.01b 0.81±0.01b 0.78±0.02b 
Heavy 320 0.93±0.02 0.83±0.01 0.76±0.01b 0.88±0.01b 0.78±0.02b 

Ewe parity  NS NS ** ** ** 
1 173 0.90±0.06 0.84±0.03 0.68±0.09a 0.71±0.04b 0.59±0.05b 
2 304 0.88±0.04 0.77±0.04 0.65±0.06a 0.53±0.05a 0.47±0.04a 
3 414 0.90±0.03 0.79±0.05 0.72±0.04a 0.66±0.01a 0.59±0.03b 
4 391 0.98±0.03 0.90±0.04 0.84±0.05b 0.79±0.05b 0.76±0.03c 
5 198 0.96±0.04 0.91±0.05 0.95±0.05c 0.93±0.06c 0.91±0.03d 
≥6 168 0.99±0.05 0.78±0.07 0.99±0.08c 0.94±0.08c 0.92±0.03d 

N = number of observations; Means with different superscripts letters (a, b, c, d) within the 
same column and class are statistically different; NS: Not significant (P>0.05); *P<0.05; 

**P<0.01. 
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Conclusions 
 
The significant result of fixed effects showed that these effects need to be considered in an 
effort to improve the reproductive and survival rate of Washera sheep both under on-farm and 
on-station management system in the highlands of Ethiopia. Even though the home tract area 
of Washera sheep is more productive and feed available area, the survival rate obtained for this 
breed under on-station was lower than under on-farm management system. This indicates that 
there is poor management practice at Adet Washera sheep breed improvement sub-centre. 
Therefore the management practice under the on-station need to be improved.  
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Abstract 

 
Animal Genetic Resources (AnGR) defined as all those animal species, breeds and strains 
that are of economic, scientific and cultural interest to humankind in terms of food and 
agricultural production for the present or the future. AnGR provide crucial option for the 
sustainable development of livestock production. Efficient utilization of the resource in 
developing countries, such as Ethiopia, is a prerequisite for the opportunities to meet the 
future demands of food to improve the livelihood of poor people. Using appropriate 
information system is one of a global strategy for the management of AnGR, since it serves 
for decision-making, research and public awareness. In this regard, Domestic Animal 
Diversity Information System (DAD-IS: 3) is one of the global database hosted by FAO 
since 1996. It provides the user with searchable databases of breed related information on 
14,000 breed population, representing 35 species and 181 countries member. It also provides 
countries with a secure means to control the entry, updating and accessing of their 
national data. In spite of its immense contribution in providing different information for 
proper management and utilization of AnGR, there are some areas which need attention. 
For example there is lack of full information for all breed and in all country especially in 
Ethiopian context. There is no well-organized information on available breeds.  Both 
indigenous and introduced breeds considered as breeds of a specific country. Information 
on fish and honey bee which are currently prioritized area to eradicate poverty in Ethiopia 
is still lacking substantially. Besides there are limited data related for cryo conservation, the 
environmental and cultural values of AnGR that is very important to addressee the issue of 
AnGR conservation throughout the world. We believe that DAD-IS database become more 
dynamic if these areas get urgent attention. 

 
Keywords: DAD-IS, AnGR management and contribution 

 
Introduction 

 
Animal Genetic Resources (AnGR) defined as all those animal species, breeds and strains that 
are of economic, scientific and cultural interest to humankind in terms of food and agricultural 
production for the present or the future (Rege and Okeyo,2006;FAO,2007). AnGR provide 
crucial option for the sustainable development of livestock production. However, these 
valuable resources have been threatened by so many factors. Rege and Gibson (2003) identify 
the use of exotic germplasm, changes in production systems, changes in producer preference 
because of socio-economic factors, and a range of disasters (drought, famine, disease 
epidemics, civil strife/war) as the major threaten factors to cause  genetic erosion. Therefore, 
sustainable management of farm animal genetic resources is of vital importance to food, 
nutrition and environment security. Their conservation and judicious use is critical for the 
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survival as well as improved livelihood of resource poor farmers (TAAS, 2009). Efficient 
utilization of Animal Genetic Resources (AnGR) in developing countries, such as Ethiopia, is a 
prerequisite for the opportunities to meet the future demands of food to improve the 
livelihood of poor people (ILRI, 2006).  
 

Using appropriate information system is one of a global strategy for the management of AnGR. 
Information systems can serve a variety of different purposes, but collectively they contain 
important information for decision-making, research, training, planning and evaluation the 
program, progress reporting and public awareness (FAO, 2007).An information system normally 
includes hardware, software (applications), organized data (information) and facilities for 
communication. It can be operated either manually, electronically using computers, or through 
a combination of both. A well-organized information systems/database supports decision-
making regarding the present value and potential future uses of AnGR by a range of 
stakeholders, including policy-makers, development practitioners, farmers and researchers. In 
this regard, Domestic Animal Diversity Information System (DAD-IS: 3) is one of the global 
information system or database (http:/dad.fao.org/) hosted by FAO since 1996. It provides the 
user with searchable databases of breed-related information on 14,000 breed population, 
representing 35 species and 181 countries member. It also provides countries with a secure 
means to control the entry, updating and accessing of their national data.  
 
The database was developed in order to involve, coordinate and assist governments, 
international agencies, NGOs, training and research groups throughout the world; and help to 
achieve better management of all AnGR used for the production of food and agriculture in all 
countries, in accordance with the World Food Summit Plan of Action and the UN Convention 
on Biological Diversity.  In doing so the database/DAD-IS has immense contribution in 
providing different information for proper management and utilization of AnGR, there is a need 
to reconsider some areas for better utilization throughout the world for the present as well as 
the future. Therefore, in this current research communication, we try to explore the database on 
its contribution and those areas which need attention with regards to management of AnGR of 
the world.  

 
Historical Evolution of the DAD-IS Database 

 
The European Association for Animal Production (EAAP) was one of the first organizations to 
develop a database to monitor European livestock breeds. The information was later also made 
available through the Internet. This system was called the EAAP-AGDB (Animal Genetic Data 
Bank). The system comprised textual breed descriptions as well as numeric information, 
particularly for population sizes and structures by year (DAD-IS, 2011).  
 
Animal Genetic Resources Group of the Food and Agricultural Organization of the United 
Nations (FAO) developed a similar database for non-European countries. This database 
became the back-bone of the Internet-based dynamic Domestic Animal Diversity Information 
System (DAD-IS) which was launched in 1996.  
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The two databases were incompatible and unable to exchange data, which meant that 
European National Coordinators for the Management of Animal Genetic Resources had to 
enter national data into both systems. Furthermore, both systems had aged and became 
progressively more difficult to maintain and to develop further. The European Farm Animal 
Biodiversity Information System (EFABIS) project funded by the European Commission under 
the Fifth European Community Framework Program for research, technological development 
and demonstration activities, created a network of information systems under the Open Source 
Model, based on a merging and redevelopment of the two existing systems. This has provided 
greater functionality and opened the road for further development. These newly developed 
systems replaced the previous systems at EAAP and FAO and further enabled an extended 
installation at the National Research Institute of Animal Production in Poland (DAD-IS, 2011). 
Thus, finally the project has been able to set up the DAD-IS: 3 databases which is the latest 
version updated in 2006.  

 
Content of the Database [http://www.dad.fao.org/] 

 
The Menu Bar of the data base page consists of 1) News which provides list of most recent 
announcements and updates in the database ; 2)About DAD- IS which provides general 
information about the data base such as how and when it was developed ; 3) Network which 
provide list of coordinators of different regions i.e. only Europe , American and the Caribbean 
appointed their coordinator  4) Breeds which provides browsing options indicated below; 5) 
Library provides references to publications, link  to web pages of research institutions, free 
software tools, NGOs etc. and search information for a breed and/or by key words i.e. 
searching through the title, author, description (DAD-IS,2011) . 
 
Breed browsing option provides further options such as 1) Breed by species and country which 
provided number of breeds by species and country, 2) Status of reporting by country (degree of 
completeness) which provided percentage of data field completed by the country for example 
Africa ( 40%), Asia and Pacific (42%),Europe( 47%), Latin America and the Caribbean (33%), 
the filled and all possible fields of records entered from one country, 3) Trans-boundary breeds 
which indicated the number of countries reporting the particular breed, population size and 
risk status of the breed with respective country, 4) Cross table generator which provided 
information on species and risk status with respective of individual country, 5) Breed data 
sheet which provide information on available breed in the country with respective of species 
but both indigenous and exotic breed listed together without clarification, 6) Image browser 
provide image of the breed with respective of the country but not complete for all breeds and 
country, 7) Early warning tool provide breed status (global as well as national risk), their 
number and annual growth rate of particular breed, 8) Population structure and inbreeding (F)  
provide information on population size ( minimum and maximum), number of breeding male 
and female, number of herds, number of effective population size (Ne), estimate of inbreeding 
coefficient and risk status at national level (DAD-IS,2011). 
 
 The different options mentioned above provide access for users the overall situation of AnGR 
for particular species/breed including risk status with respective of the country. This 
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information might be helpful for decision making for further conservation and/or proper 
management of the recourse.    
 

Areas Which Need Attention  
 
Even though the database provides valuable information for proper management of AnGR, 
there are some limitations which hinder the completeness of the information system since it is 
the global database. For example there is lack of full information for all breed and in all 
country especially in Ethiopian context, there is no well-organized information on available 
breeds and their performances and both indigenous and introduced breeds considered as 
breeds of a specific country. There is no coordinator in all regions, i.e. only Europe, Latin 
America and the Caribbean appointed their coordinator. Data related for cryo-conservation, 
the environmental and cultural values of AnGR is lacking, but this information is very 
important to undertake effective management.   
 
Besides there is no information on all species that used in food and agriculture such as fish and 
honey bees. Fish and honey production is the priority area in Ethiopian strategies to eradicate 
poverty in the country (IBC, 2007). Missing these data will have its own negative implication in 
effective utilization and conservation of the resources. There is no ease of access for browsing 
of different publication in the library because there are the same documents with different 
languages. So that if the mentioned areas get attention, the contribution of the database will be 
more acceptable throughout the world. 
 

Conclusion 
 
Using appropriate information system is one of a global strategy for the management of AnGR. 
DAD-IS is one of the global database to assist proper utilization and conservation of AnGR, 
However, there are is some areas which need attention such as incompleteness of the data on 
some species (honey bees and Fisheries) which is the top priority area to eradicate poverty in 
Ethiopia; absences of information on cryo-conservation, the environmental and cultural value 
of AnGR which is also very important data to undertake effective management. So that the 
mentioned areas requires for an urgent attention for better utilization of the database 
throughout the world. We believe that DAD-IS/ database become more dynamic if these areas 
get attention. 
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Abstract 

 
This study is concentrated on assessing status of small ruminant breeding program and 
identifying the different constraints in SSA. In many pervious small ruminant breeding 
projects in the region, conclusive emphases have not been given for different constraints 
that hinder small ruminant improvement program. Breed improvement in sub-Saharan 
African countries is multifaceted besides components of breeding program. Hence it is 
important to relate their performance to the environmental limitations, indigenous 
knowledge, and production systems.  The sub-Saharan African countries are gifted with 
numerous genotypes. But there potential are not exploited in the region. In addition there 
was no conclusive study on the status of small ruminant breeding program in SSA. Hence 
for the purpose of this study different literature and recent materials have been used. As 
observed in this study SSA countries should look at what is available locally and even 
crossbreeding of indigenous breeds should be considered before going for importations. 
This study indicates that in recent years crossing of indigenous breeds is observed in 
eastern and southern region of the continent. Local breed will have a potential to improve 
productivity of small ruminant animals. Interaction between genotype and environment is 
also another constraint for breed improvement. In addition to that enough individual 
farmers/herders should combine to establish a substantial, effective flock, large size 
population (small size population is constraint of animal improvement in SSA). Indigenous 
knowledge should be respected and integrated with modern management approaches beside 
others. Breeding goals are influenced by socio-cultural norms, aesthetic preferences, 
religious considerations and behavioural traits. Thus, working with communities as a 
breeding programme should be considered as one of the ways to ensure for the success of 
small ruminant development programmes and government, international institute in SSA 
countries should support long term livestock breeding strategies for the benefit of the nations 
and people. 

 
       Keyword: Indigenous knowledge; Breeding program; Small ruminant 

 
Introduction 

 
Small ruminants easily fit into the smallholder production system, as they require low initial 
capital investment and low operational cost. They also give quick returns because of short 
generation interval and high level of prolificacy. They are less costly to acquire and maintain, 
and can often thrive on harsher terrain. At the same time, they provide products for cash sale 
when a need arises, and provide the household with much needed protein. 
 
Even though, population growth, urbanization and income growth in developing countries as 
predicted by (Delgado et al., 1999) are quelling a massive increase in demand for food of 
animal origin the contrary was happened in SSA. According to the most recent report on the 
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state of food insecurity in the world, there are now about one billion undernourished people 
and one-third of them are from Sub-Saharan African countries (FAO 2009). One of the causes 
of this undernourishment is lack of protein source of animal origin. 
 
To improve the living standard of small scale poor farmers and to meet the demands of human 
population in the region, contribution from sustainable increase in small ruminant production 
would be desirable in the future. The breeding goal reflects the combination of traits that the 
breeder aims at improving through selection. The breeding goals of livestock keepers are often 
multi-faceted (Kohler-Rollefson, 2000; Rege et al., 2001; Bebe et al., 2003) and go well beyond 
increasing animal productivity. The multifaceted breeding goals of livestock keepers were 
overlooked in many small ruminant breed improvement programme in the SSA countries in 
the past (Blench, 1999; McCorkle, 1999; Rege et al., 2001). Especially less emphasis has been 
given to indigenous knowledge and interaction of breed and local environment. In addition 
there is no comprehensive study on the status of small ruminant breeding program. Therefore, 
the aim of this review is to assess constraints and status of small ruminant breeding program in 
sub-Saharan African countries. 
 

Strategies for Genetic Improvement of Sub-Saharan Small Ruminant 
 
Conventionally, two main pathways have been considered for the genetic improvement of 
livestock (i) selection with in breeds and (ii) selection between breeds (or strains). There are 
many factors that determine the success of a breeding program. These include design and 
implementation issues. The potential of indigenous livestock breeds besides the usual cross 
breeding in sub-Saharan countries must be developed. Studies made on indigenous sheep 
breeds revealed significant between and within breed variation for growth and indicated 
feasibility for productivity improvement of indigenous sheep breeds through genetic means 
(Abegaz, 2002; Tibbo, 2006). Other studies (Inter-cooperation, 2000; Kebede, 2000) also 
indicated that local breeds may be able to compete with improved breeds, even with regard to 
productivity. In the context of “sustainable livelihood” approaches to development (Anderson, 
2000) explained that local livestock is an important contributor to rural welfare and poverty 
alleviation. 
 
There are two path ways of genetic improvement in livestock i.e. between breeds and within 
breed. Within-breed selection is a strategy of genetic improvement usually carried out in 
individual population. It is possible to utilize numerous genotypes from sub-Saharan African 
countries. What is required is knowledge of their relative merits and appropriate exploitation 
of these merits. Some study (Philipsson et al., 2006) explained that in many sub Saharan region 
the value of indigenous breeds, indigenous knowledge of producers and the requirement of 
long-term strategies that any development of a breeding programme must comply with to be 
sustainable have largely been neglected.  
 
Selection between breeds can achieve dramatic and rapid genetic change when there are large 
genetic differences between breeds (population) in trait of performance (Smith, 1996). Some 
study (Solomon and Tesfaye, 2009) suggested that it is appropriate to made a decision on 
different cross breeding strategies in different farmers using a mixed pure and crossbreed 
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structure with ecological and socio-economic considerations when designing a breeding 
programme. In this regard (Philipsson et al., 2006) described that the choice of breeding 
method, pure breeding alone or also using crossbreeding, is perhaps the most important 
decision to be made when designing a breeding programme. In the following sections 
components of breeding program in designing a breeding program will be presented and 
aspects on developing improvement programmes at breed level will be dealt with. 
 

Component of Breeding Program 
 
Successful genetic improvement requires breeding program to have (at least) the following 
components: i) describe the production system ii) setting of breeding goal or objectives. iii) A 
system to record data on selection candidates IV) Methods and tools to estimate the genetic 
merit (breeding value) of selection candidates. This step is called the “breeding value 
estimation”. V) A system to select the animals that become parents of the next generation, and 
mate them to produce the next generation VI) Monitor the breeding programme. vii) A 
structure of product development and dissemination in to the multipliers and commercial 
producers. viii) Mating or cross breeding (Dekkeral et. 2004; Philipsson et al., 2006). 
 

Success and Failures of Small Ruminant Breeding Program 
 

Successes of Small Ruminant Breeding Programs 
 
There are a number of successful small ruminant breeding program in different part of SSA 
countries like FARM-Africa’s Dairy Goat and Animal Health (DGAH) Project in the 1990s’ in 
Kenya (Farm Africa 2004), the indigenous Djallonke breed of sheep is used in a community-
based livestock improvement and conservation initiative in Côte d’Ivoire (Yapi-Gnoare, 2000), 
Community based breeding program for Bongo, Horro, Menz and Afar local sheep breed in 
Ethiopia (Takele et al., 2010). 
 

Failures of Small Ruminant Breeding Programs 
 
Inappropriate “improvement” schemes may be introduced or adopted to SSA countries and it 
can be one of the causes of failure. In this regard it is possible to mention many failures in 
small ruminant breeding program in SSA. For instance, the Horro Sheep Breeding and 
Improvement in Ethiopia (OADB 2001), Sahelian sheep breeds (Peul and Touabire) 
improvement project in northern and southern Senegal in 1973 (Fall, 2000), Menz sheep 
genetic improvement project in Ethiopia (Solomon and Tesfaye, 2009), crossbred of Dorper 
and Boar with the local small ruminant population in a harsh environment cannot improve 
overall efficiency due to high mortality rates in Malawi (MGLDP, 1992) and others. In the 
following sections, the possible grounds for success and failure of different small ruminant 
breeding program in sub-Saharan African countries will be discussed. 
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Discussion 
 
In the current study, the published results on within and between breed breeding program was 
summarized in different breeding design. The number of publication was small especially for 
within-breed improvement in the early 1970s’ and 80s’.This is because most of the 
development program using within breed breeding program is a recent awakening and if any 
few to report. Except few countries, most SSA countries have started small ruminant 
improvement in the 1960s’.During these time different cross breed were imported from 
European countries to exploit heterosis and upgrade the performance of local breed. Almost all 
breeding programs were initiated and implemented in research station or government 
livestock ranches. Besides, breeding objectives and goals were set by breeders from top to 
bottom without the participation of the farmers/herders. Therefore, there is a lot to learn from 
SSA small ruminant breeding program. The aspects determining different failure and success 
and other pertinent issues are discussed under the following heading. 
 

Livestock Development Policy 
 
Small ruminant breeding programmes should be seen in the context of long-term development 
programmes contributing to both more food and other livestock commodities produced and to 
improved resource utilization and livelihood of the livestock owners (Mueller, 2006). As 
observed in this study some of the small ruminant breeding programs are failed because of 
absence of long term strategy, poor government station management and absence of breeding 
policy (Okeyo, 1997; Fall, 2000; Solomon and Tesfaye, 2009). In this regard (Tibbo. 2006) 
explained that, one of the most important limiting factors in setting up of breeding 
programmes has been lack of an institution who oversees these activities. 

 
Environment, Production System and Indigenous Knowledge 

 
Environment 

 
Survival under local ecological conditions is often a primary goal (Kohler-Rollefson, 2000) with 
risk avoidance often being of paramount importance. 
 

Production System and Indigenous Knowledge 
 
For the success of breeding program in SSA the available production system should be 
considered. In this regard (Ahuya and Okeyo 2004) described that production systems 
determine and affect the viability of breeding program when inappropriate blood level of cross 
breed animals distributed to the farmers. Survival under local ecological conditions is often a 
primary goal (Kohler-Rollefson, 2000) with risk avoidance often being of paramount 
importance. Breeding goals are also influenced by socio-cultural norms, aesthetic preferences 
(for example, color and color distribution and physical structure of the earliest exotic sheep 
breed imported (Corrie dale) in Ethiopia were not preferable by the farmers), religious 
considerations (white sheep are preferred for the Muslim festival of Tabaski (Niger), and 
behavioural traits such as docility, good maternal ability, the ability to walk long distances, 
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tolerance to water scarcity, and loyalty to the owner (Blench, 1999; McCorkle, 1999; Rege et al, 
2001). Even religion can influence breeding objectives. McCorkle (1999) indicated the case of 
Bodi agro-pastoralists of Ethiopia who carefully breed cattle of many coat colours for certain 
rituals. However, it is important to stress that the breeding goals and strategies of pastoralists 
are not static but generally evolve in response to changes in local ecological conditions, 
production systems, pastoralists' preferences, local knowledge, and market opportunities 
(McCorkle, 1999; Bebe et al, 2003). 
 

Market 
 

To be sustainable the breeding programme must be market-oriented, i.e., demand-driven, yet 
considering the multi-purpose use of the animals and the long-term benefits to the farmer 
(Philipsson et al., 2006). 

 
Infrastructure and Government Support  

 
As (Fall 2000) explained although there were exceptions, many selection and multiplication 
programmes in SSA funded by central governments had ceased operation, mainly because of 
lack of funds and manpower. One often over-looked assumption is the required integration of 
all activities constituting a breeding programme. This applies both at the government level and 
at the practical coordination at farmers’ level (Okeyo 1997). Another potential problem in 
developing countries is lack of or inadequate number of people with appropriate training or 
incentives to successfully run a breeding programme (Philipsson et al., 2006; Ojango et al., 
2010). 

 
Role and Meeting the Need of Farmers 

 
Experience shows that it is extremely important that farmers get involved early in the process 
to ensure that their needs are taken into account and that they provide the support needed for 
the programme to work (Ojango 2010; Wurzinger 2010). 

 
Matching Genotypes with the Environment 

 
As (Fall, 2000) explained successful matching of genotypes with environments assumes 
availability of a wide range of genotypes. The sub-Saharan region is endowed with numerous 
genotypes. What is required is knowledge of their relative merits and appropriate exploitation 
of these merits. 

Conclusion 
 
For successful small ruminant breeding programme it is important to understand components 
of breeding programme. Breed improvement in sub-Saharan African countries is multifaceted. 
As observed in the current study local breed will have a potential to improve productivity of 
small ruminant animals. Improved breeding strategies and development of business skills are 
effective in improving livelihoods of resource poor farm families. It is possible to conclude that 
working with communities as a breeding programme can be one of the ways to ensure for the 
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success of small ruminant breeding programmes. It also helps to ensure that indigenous 
knowledge is respected and integrated with modern management approaches. Community and 
farmer monitoring of the results of breeding programmes are essential to measure success and 
achieve understanding among community members of any required adjustments. 
 
For sustainable breeding program all inputs such as feed, veterinary service and others should be 
implemented should implement together. Government, international institute in SSA countries 
should consider incorporating (crossing between) indigenous breed in small ruminant breeding 
program besides exotic breeds. Government and other stakeholders should support long term 
livestock breeding strategies for the benefit of people and the nation. 
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Abstract 

 
Data for milk production, fertility, growth and survivability of dairy cows provide an 
example of repeated measures or longitudinal data, the essential feature of which is the 
presence of correlations between tests on the same animal. Longitudinal data need a 
special statistical treatment because of their covariance pattern which will vary depending 
on the assumption of analysis. Besides most statistical analysis methods in Africa including 
Ethiopia results in failure to fully account for the systematic environmental effects. 
Modelling the covariance structure of repeated measurements correctly is of importance 
for drawing correct inference from the data. It is important to explore the potential of any 
statistical and computing technique which allows a direct and more efficient utilization of 
all available records for genetic evaluation of dairy cattle. Hence, Random Regression 
Model (RRM) is potentially applicable to evaluate longitudinal data of dairy cattle. Several 
alternatives have been proposed and these include fractional polynomials and linear and B-
splines depending on the nature of the data and evaluation context. The model also 
enables to account both genetic and environment variation precisely based on different 
function and order of fit. This review traces nature of RR model its application and 
advantages over others model. The paper discusses how to model lactation curve using test 
day records, survival analysis, genetic by environment interaction studies with different 
alternatives such as functions order of fit. The need to initiate and popularize the model in 
Ethiopia is also indicated. 

 
Key words: Dairy Cattle, Genetic Evaluation, Longitudinal Data, Random Regression, Test 

Day Records 
 

Introduction  
 
Data for milk production, fertility, growth and survivability of dairy cows provide an example 
of repeated measures or longitudinal data, the essential feature of which is the presence of 
correlations between measurements on the same animal. Repeated observations measured 
along a trajectory (time) and the mean and covariance between measurements change 
gradually along the trajectory. Genetic correlations between repeated measurements usually 
tended to decreases the time between them increased. 
 
It is important to explore the potential of any statistical and computing technique which allows 
a direct and more efficient utilization of all available records for genetic evaluation of dairy 
cattle. For example various methods have been used to analyse milk production and related 
records which represent longitudinal data. In Ethiopia Haile et al. (2009) and Effa et al. (2011) 
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have used the approach where records at various stages of lactation are assumed to be 
independent. The assumption that the data are independent is questionable since 
measurements are performed on the same animal. Besides lactation curves have been fitted at 
a phenotypic level and the parameters of the curve have subsequently been analysed as new 
traits. However, this approach results in failure to fully account for the systematic 
environmental effects (VanRaden, 1997). Therefore, repeated measurements/longitudinal data 
need a special statistical treatment since their covariance pattern varies depending on the 
methods of analysis.  
 
Modelling the covariance structure of repeated measurements correctly is of importance for 
drawing correct inference from the data. Hence, Random Regression Model (RRM) is 
potentially applicable in dairy cattle genetic evaluation.  It was first implemented in Canada 
(Schaeffer et al., 2000) in 1999 and several countries that are members of Inter-bull have since 
adopted various forms of the methodology, including Belgium, Germany, the Netherlands, 
Italy, Finland, Denmark and Sweden (Inter-bull, 2009). Lack of appropriate recording system, 
expertise in the field of animal breeding and/or Biometrics is a major limitation to apply the 
model in genetic evaluation in most African countries like Ethiopia. But, there is still a need to 
initiate and popularize the model so that more accurate genetic predictions can be made than 
what can be obtained using the conventional analytical models. Therefore, the objective of the 
paper is to review available information on RR model and its application in particular. 
 

Random Regression Model and Genetic Evaluation of Dairy Cattle 
 

Random Regression Model 
 
Random Regression Model (RRM) is are intended for use on longitudinal data or ‘repeated’ 
records situation where observations for a trait are collected several times during the course of 
animal life (Hill and Brotherstone,1999). 
 
The general concept of using RR for analysis of covariance in an animal breeding context was 
suggested by Henderson (1982). Kirkpatrick et al. (1994) introduced the infinite-dimensional 
model for traits measured repeatedly per individual, and suggested to model genetic 
covariances of trajectories through covariance functions. However, initial applications of the 
RRM were in genetic evaluation of dairy cows, using records from individual test-days to model 
the lactation curve (Schaeffer & Dekkers, 1994). Since then, the RRM has become a standard 
for analyses of repeated measured records from animal breeding schemes. Other areas of 
animal breeding that have already utilized RRM include conformation traits (Uribe et al., 
2000), body condition scores (Sasaki et al., 2010), feed intake (Kebede and Gebertsadik, 2010); 
growth in pigs (Lorenzo Bermejo, 2003), sheep (Lewis & Brotherstone, 2002) and beef cattle 
(Meyer, 2005) and litter size in pigs (Lukovic et al., 2004).The RRM has also been used for 
analysis of survival data (Veerkamp et al., 2001;Sasaki et al., 2010) and for assessing genotype by 
environment interactions using a continuum of an environmental parameter as covariance 
functions in reaction norms (Shariati et al., 2007).  
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History of Random Regression Models in Dairy Cattle Genetic Evaluation 
 
Dairy cattle genetic evaluation was significantly move to Random Regression Model (RRM) 
with increasing in accuracy of genetic evaluations over the sire model that was used previously 
(Bilal and Khan, 2009). The models have been applied to existing test day records. In addition 
to providing the usual evaluations for production traits on a 305-day basis, the test day model 
also provides evaluations for persistency of lactation.  
 
In RRM approach, the additive genetic values (estimated breeding values, EBV) of animals are 
usually obtained from mixed model analyses. For the trait under consideration, a linear 
regression of observations on indicator variables is performed. Animals' additive genetic effects 
are fitted as random effects. Because the functions of time, such as DIM, can be readily 
modelled in the mixed model framework (Henderson, 1982), trajectories (e.g. lactation curve) 
can be described. The co-variables are usually nonlinear functions such as polynomials or 
splines relating time to the traits e.g. milk, fat or protein yield. Fitting sets of RR coefficients for 
each individual random factor (e.g. additive genetic and permanent environmental effects) 
produces the estimates of the corresponding trajectories (Schaffer, 2003; Dzomba et al., 2010).  

 
Table 1.Trend`s in methods of dairy cattle genetic evaluation 

 
Year Methods of 

Evaluations 
Particular features  

1974 Sire model(SM) 1) Consideration of the merit of herd-mates, 2) inclusion of 
genetic groups based on pedigree index, 3) improved weighting 
of information.  

1989 Animal Model 
(AM) 

It considered all relatives, no matter how distant, and all 
animals of a breed, male and female, were evaluated 
simultaneously. 

1993 Test Day Model 
(TDM) 

A TDM allows for a more exact specification and consideration 
of the environment (a day vs. lactation). Often, it includes 
consideration of persistency of lactation and rate of maturity. 

1993 Repeatability 
Model (RPM) 

Consecutive test-day samples from the same lactation are 
considered as repeated observations on the same trait, and a 
permanent environmental effect accounts for environmental 
similarities between different test-days within the same 
lactation. A major disadvantage of the repeatability model is 
the heterogeneity of the residual variance during the lactation.  

2000 Random 
Regression Model 
(RRM) 

Random regression test day model allows the fitting of 
lactation curves to individual lactations. Because curve 
parameters are treated as random variables, reasonable 
estimates are obtained even with few data points. 

Sources (Bilal and Khan, 2009) 
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Application of Random Regression Model 
 

 Test Day Records 
 
Several reviews on the use of RRM for the analysis of test day records of dairy cattle have been 
given by (Bohamanova et al., 2008; Dzomba et al., 2010). Research still continues on 
determining the order of fit for the random regressions for additive genetic and permanent 
environmental effects that explains the most variation in the observations. For the evaluation 
of TD records, the RR test-day animal model is considered the most appealing statistically. It is 
often used to fit the RR coefficients in a linear model to obtain genetic parameters and 
breeding values. There are two approaches to the RR model (RRM): RR on lactation curve 
functions (e.g. the Wilmink's function) or RR on polynomials or splines (Dzomba et al., 2010). 
The number of parameters that can be fitted to describe a lactation curve is flexible with the 
RR where a lactation curve function is used. Jamrozik & Schaeffer (2002) found that the TDM 
with Legendre polynomials outperformed the TDM with a lactation curve function, 
considering the same number of parameters in terms of statistics on the goodness of fit. 
 
Several alternatives have been proposed and these include fractional polynomials and linear 
and B-splines. Splines are curves constructed from piece-wise lower degree polynomials which 
are joined smoothly at selected points (knots). White et al. (1999) used cubic splines, while 
Torres & Quaas (2001) used B-splines with 10 knots in separate RR analyses of test-day records 
of dairy cows. Bohmanova et al. (2008) concluded that splines model with 6 knots had the best 
overall performance  compared with Legendre polynomials of order 4 and 3 alternative of liner 
spline with 4,5 and 6 knot for production trait and somatic cell count. Too many knots would 
increase model complexity, while too few knots would reduce accuracy in estimates (Meyer, 
2005). It is important to compare RR models with available data using lactation curve 
functions, orthogonal polynomials and splines. 
 

 
Figure 1.Lactation curve with different functions; (Sources: Bohmanova et al. (2008)) 



Animal Breeding and Reproduction 2012 

 

                                                                                                                                                             35 
 

Partitioning Variance with Random Regression Model 
 
The first estimates of variance components for test-day milk yields obtained by RRM were 
published by Jamrozik & Schaeffer (1997). The RRM were used for modeling genetic effects 
only. Meyer & Hill (1997) and Meyer (1998) demonstrated the use of covariance functions to 
model additive genetic and permanent environmental effects in random regression TDMs. The 
covariance function describes the covariance structure of an infinite-dimension character, such 
as test-day milk yields, as a function of time. The covariance function is equivalent to a RRM if 
the same functions are used (Meyer & Hill, 1997; Van der Werf et al., 1998). The equivalence of 
the RRM with the covariance function is useful when analyzing data observed at many time 
periods, because the number of regression coefficients determines the number of covariance to 
be estimated for each source of variation in a RRM. In a univariate RRM, k regression 
coefficients result in k (k+1)/2 covariance estimates. The covariance function is used to reduce 
the rank of the covariance matrix from n, the number of traits, to k, the number of functions, 
when starting from a multiple trait approach (Meyer & Fitzpatrick, 2005). 
 
The further development of the variance component estimation by RRM included modeling of 
permanent environmental effects by random regressions (Van der Werf et al., 1998; Olori et al., 
1999; Rekaya et al., 1999; Strabel & Misztal, 1999). In addition, other authors modeled the 
heterogeneity of residual variance across the lactations (Jamrozik & Schaeffer, 1997; Jamrozik et 
al., 1998; Brotherstone et al., 2000; Jaffrezic et al., 2000). 
 
Parameters obtained in various models and with various data sets showed great variability in 
both average values and shapes of trajectories (Misztal et al., 2000). The heritability estimates 
of the first lactation milk yield for particular DIM resulting from RR models ranged between 
0.14 (Strabel & Misztal, 1999) and 0.51 (Olori et al., 1999). Some authors reported high 
heritability at the beginning and at the end of lactation (Jamrozik & Schaeffer, 1997; Olori et al., 
1999; Kettunen et al., 2000). Other authors found the highest heritability in the middle of 
lactation (e.g. Swalve, 1995; Rekaya et al., 1999; Liu et al., 2000; Pool et al., 2000; Jacobsen et al., 
2002; Duet et al., 2003). 
 
Standard mixed-model-based variance component procedures (i.e. Restricted maximum 
Likelihood: REML or Bayesian methods based on Markov chain Monte Carlo methodology: 
MCMC) can be used to estimate covariance functions directly from the data (Jensen, 2001). 
High computational demands limit the size of the datasets and the nature of the models that 
can be analyzed using REML, but algorithms for multivariate analyses via AIREML are readily 
adapted to the estimation of covariance among random regression coefficients (Meyer & 
Kirkpatrick, 2005).                 
 

Modelling Environmental Effects in the Random Regression Model 
 
Milk production is influenced by exactly the same environmental factors whether a TDM or 
lactation model is used in genetic evaluation. However, for a TDM, the stage of lactation is an 
important consideration, because of the curvilinear relationship that exists between the stage 
of lactation and milk production (Swalve, 1995; 2000). The TDMs often use types of covariates 
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or mathematical functions, in a regression, to account for stage of lactation. Meyer (2005a) and 
Meyer & Kirkpatrick (2005) noted that the resultant lactation curve parameters can be 
considered as examples of 'function-valued traits' implying that mathematical functions are in 
use. 
 
The adoption of TDM over the lactation model replaced the use of herd-year-season (HYS) 
with herd-test-date (HTD). The HTD accounts for the effects of herd and the year and the 
season of production whereas HYS effect is commonly used to account for the effects of the 
individual herd, the year, and the season of calving and the interactions among them. With a 
TDM, further effects that can be fitted in the analysis include age at calving, parity, and 
pregnancy (Swalve, 1995). 
 
The random regression TDM can account for many environmental factors that could affect 
cows differently during the lactation (Schaeffer & Deckers, 1994). The lactation curve is split 
into two parts: a fixed part (average lactation curve) and a random animal specific part 
(deviation from the average curve) (Figure 2) whereas the conventional methods couldn’t 
separate it. To account for the variability within lactation stage, an appropriate sub-model is 
fitted on stage of lactation, nested within parts of the model that account for environmental 
effects. There are profound differences in the manner in which environmental variation is 
accounted for with RRM in respect to definition of subgroups for fixed regression on the stage 
of lactation (Zavadilova et al., 2005). Frequently used factors are season of calving and/or 
classes of age at calving (Reents et al., 1998; Strabel & Misztal, 1999; Lidauer et al., 2000; 
Schaeffer et al., 2000). Other models used include the effects of days carried calf (Lidauer et al., 
2000). For most developing countries including Ethiopia, it is important to investigate how 
best the information collected when testing herds can be used in genetic analysis to account 
for the environmental variation. Mostert et al. (2006) defined a fixed regression TD-model 
which passed the necessary trend validation tests required by Inter-bull to ensure that the 
model sufficiently accounts for all environmental effects. Such studies can also attempt to 
recommend inclusion of valuable variables that the current milk recording system ignores or 
encourage inclusion of some traits such as fertility measures in the routine genetic evaluations.  
 

Persistency of Lactation 
 
Dairy breeders focus on modeling the individual genetic curves of the cows and estimating 
genetic parameters of the lactation curves to select for lactation yields or persistency (Shanks 
et al., 1981; Danell, 1982; Ferris et al., 1985; Gengler, 1996; Jamrozik & Schaeffer, 1997). Although 
the definition of persistency varies, generally it refers to the rate of decline in production after 
peak milk yield production has been reached (Swalve & Gengler, 1999). High persistency is 
associated with a slow rate of decline in production whereas low persistency is associated with 
a rapid rate of decline. Persistent cows are more desirable because they are more efficient in 
roughage usage, suffer less metabolic stress due to high peak yield, and are thus more disease-
resistant (Solkner & Fuchs, 1987). Genetic modification of the lactation curves are concerned 
with the artificial redistribution of total lactation responses among different stages of the 
lactation (Lin & Togashi, 2005). In a recent study, Mostert et al. (2008) laid out the framework 
for inclusion of persistency of lactation in genetic evaluation of South African dairy cattle 
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based on the Canadian Persistency Index. As a result, persistency of production has been 
implemented in routine genetic evaluations thereby highlighting the economic importance of 
persistency. 
 
In describing the persistency of milk production during lactation, the choice of a parameter 
that gives a correct description of the shape of a lactation curve is important. It is therefore 
important to develop an evaluation method in which genetic differences in persistency can be 
evaluated on a routine basis. 
 
A key issue in genetic evaluation of persistency is trait definition. Gengler (1995; 1996) 
identified three types of measures of persistency which are: measures based on ratios of yields, 
measures based on variation of yields, and measures developed out of functions that describe 
lactation yields. There is, however, no clear consensus on how best to mathematically model 
persistency. The procedure most widely used to measure lactation persistency nowadays is 
based on the by-product of the random regression test day model. Druet et al. (2005) showed 
that the first and second eigenvectors of the estimated genetic covariance matrix in a random 
regression model may serve as proxies for yield and persistency. Use of these eigenvectors in 
random regression test-day models is computationally advantageous but there is still no clear 
biological interpretation of the eigenvectors. 
 

Advantages of RR Test-Day Models 
 
Advantages of RR test-day models over other approaches of evaluating test-day records are 
now widely acknowledged (Bohmanova et al., 2008; Hammami et al., 2008). The genetic 
component of the lactation curve can be modelled by fitting regression coefficients for each 
animal, commonly referred to as random regression (RR) coefficients (Schaeffer & Dekkers, 
1994). The additive genetic solutions can be extracted from the BV estimates for the RR 
coefficients (Jamrozik et al., 1997). It becomes possible to genetically rank animals for each TD 
yield by estimating a BV of each animal for each TD yield. The estimated BV is given as a 
product of the RR coefficients and the days in milk (DIM) dependent covariates. Monitoring of 
management of individual herds and of individual cows within a herd is also an added 
advantage through the simple comparison between actual and expected production (Dzomba 
et al., 2010). The same authors list the advantage of RR test day model over the other. 
 

1. This type of model provides a continuous treatment of observation over time and is 
able to incorporate heterogeneous variances and covariance among measures along 
time (including days that were not sampled) with a potentially reduced number of 
parameters compared with the multiple trait approach. 

2. Every record contributes information at the value of the control variable at which it is 
measured. Arbitrary or inappropriate corrections for the differences in the control 
variable are therefore rendered useless. 

3. With regards to estimation of variance components, random regression models 
facilitate parsimonious description of changing and potentially complex covariance 
structures, thereby utilizing the data more efficiently and generating breeding values of 
higher accuracies. 
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4. Because the lactation curve is allowed to differ for each cow, this facilitates accounting 
for the variability in persistency and makes possible the prediction of evaluations for 
persistency, thereby providing additional information for selection. 

5. The RRM for TD yields can account more precisely for environmental factors that could 
affect cows differently during lactation. 

6. Due to emphasis on more yield information, a RRM results in top animals which are 
less related and hence results in reduced rates of inbreeding compared to lactation 
models. 

7. The RRM also allows a cow to be evaluated on the basis of any number of TD records 
during lactation. Related to this, as only eight to 10 TD yields per cow per lactation may 
be collected, this could result in lower costs of recording (Schaeffer et al., 2000).  For 
example, in conventional calculation  sub-period yields or aggregated lactation yield 
per cow can be used, which will then be evaluated statistically with a simple variance 
analysis based on averaged sub-period milk yields is marked by the following 
disadvantages:  
a) Complicate and incomplete lactation records of cows will have the same weighting 

in the analysis. 
b) Possible assumption on the significance of differences between sub-period yields 

can be caused by different environmental effects on the test days. 
c) Due to the calculation of average values, the number of daily milk yields per cow is 

lost, and as a result, the degrees of freedom for comparison of the group average 
will be reduced. 

d) Dependencies between repeated yields of a cow from different sub-periods of the 
lactation are not taken into account, where as in random regression model, each 
lactation curve could be plotted independently (Figure 2). Besides, variance due to 
additive genetics (A), permanent environment (Pe), temporary environment (t) and 
dam could be plotted.   

 
Table 2. Milk yield per lactation by conventional analysis 
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Figure 2. Estimation of lactation curve by RRM 

 
 Survival Analyses 

 
Survival is a longitudinal trait that can be measured many times throughout an animal’s life, 
but only the point at which an animal dies or culled is usually recorded in the data. Survival 
analyses are typically undertaken using a non-liner Proportional Hazard (PH) model 
(Schaeffer, 2003). However, Veerkamp et al., (1999) proposed that RRM could be used for 
survival analysis. At any given point in time an animal is either alive (1) or dead (0) (Figure 3).  
The survival ‘curve’ for an individual animal is a straight line at the value 1 from the birth until 
the animals culled, after which a value of 0 is assigned and continuous as a straight line to the 
end of the observation period. Survival curves can vary depending on the production levels and 
type trait scores of the individual animal. Other factors influencing the survival curve include 
province, year and season of birth as well as herd environment and management practices 
(Galbraith and Schaeffer, 2003). 
 

 
 
 
Figure 3. Survival curve 
 
The RR model allows the inclusion of animals that have not yet been culled and can be used for 
the genetic evaluation of the survival traits of cows (Veerkamp et al., 1999; Galbraith and 
Schaeffer, 2003). The results of a simulation study show that genetic evaluation using RR 
model is less accurate than that using PH model (Jamrozik et al., 2008). However, the RR 
model showed a slight superiority over liner Multi-trait (MT) and PH models in predicting the 
proportion of a sire's daughters that survive to the five different endpoints after the first 
calving. This finding suggests that a RR model can be used for genetic evaluation of the 
survival traits of dairy cattle individual animal. Sasaki et al. (2010) also concluded that RR 
model can be potentially used to evaluate herd life. 
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Genotype by Environment Interaction Studies  
 

A genotype by environment interaction implies that animals would rank differently in different 
environments. If those environments can be ordered such as by a temperature-humidity index 
(THI), or by elevation, or by average herd production, then a RRM could be applied with 
regressions on these variables rather than on time or age. RRM are useful when the 
environments cover a range of different conditions rather than just a few categories (Schaeffer, 
2003). Ravagnolo and Misztal (2000); Brűqemann et al. (2011) used the THI to obtain different 
heritability and different rankings of animals at different heat stress levels.  

 
Conclusion 

 
Random regression model has been become acceptable for dairy cattle genetic evaluation 
internationally. It is widely applicable to model lactation curve using test day records, survival 
analysis, genetic by environment interaction studies, feed intake, and growth and fertility trait. 
The model accounts all environmental factors precisely and it clearly indicates individual 
difference along the time at which the trait is observed. Even if there is a limitation to apply 
the model as a means of genetic evaluation in most African countries, it is important to initiate 
and popularize the model and incorporate it as national genetic evaluation system.  
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Enhancing the Genetic Basis of the Commercial Layer Industry through Introduction 
and Evaluation of Grandparent Stock 

 
Wondmeneh Esatu, Dawud Ibrahim, Alemayehu Amare and Tadios Habte 
Debre Zeit Agricultural Research Center, P.O.Box 32, Debre Zeit, Ethiopia 

 
Abstract 

 
A grandparent was imported from Czech Republic by the National Poultry Research Case Team 
and a study was done at Debre Zeit Agricultural Research Center. The experiment was 
conducted for forty six weeks of periods 2003/2004 E.C. The management and data on the 
performance of the grandparent (Dominant Brown D102) was divided in to three parts (0 to 8, 
9 to 17, 20 to 46 weeks of age). The average feed intake of grandparent during starter phase (0 
to 8 weeks) in (g/bird/day) and (g/b/week) for all lines A, C, B and D are 35.46 and 248.19 
respectively. This average feed intake is different from that of their manuals for all lines as 31.13 
and 217.9. The average weekly total body weight (g/bird/week) and weight gain (g/bird/week) 
during starter phase (0 to 8 weeks) for lines A & C and B & D are 252.44, 246.49, 72.25 and 
66.93 respectively. This is different from that of their manuals in body weight (g/bird/week) 
and weight gain (g/bird/week) for line A & C and B & D as 424.38 & 315.63 and 110 & 86 
respectively. The average feed intake of grandparent during the growers’ stages (9 to 17 weeks) 
in (g/bird/day) and (g/b/week) for lines A & C and B & D are 68.15 and 477.01 respectively. This 
is comparable with their manuals for all lines in average feed intake (g/bird/day) and 
(g/b/week) as 68.44 and 479.11 respectively. The average weekly total body weight 
(g/bird/week) and weight gain (g/bird/week) during growers’ stage (9 to 17 weeks) for lines A & 
C and B & D are 1019.02, 978.62, 100.9 and 84.35 respectively. When they compare with their 
manual for body weight (g/bird/week) and weight gain (g/bird/week) for lines A & C and B & 
D are 1487 & 1117 and 120 & 94. The average feed intake during their layers stages in 
(g/bird/day) and (g/b/week) for all lines A, C, B and D are 122.96, 860.22 respectively and their 
manuals said for feed intake in (g/bird/day) and (g/b/week) for all lines are 122 and 854 this 
shows that the grandparents have comparable feed intakes in our farm with their manuals. 
Average egg production/week in percentages of line B grandparent layer during their layers 
stages are 50 % to 85.2 % this shows that there is a minor difference from that of their manuals 
63 % to 90%and also that of the line D with in this weeks are 69.1 % to 89.5% that is almost 
similar with their manuals of 63 to 91%. The average egg shape, egg shell color, shell thickness, 
Average egg weight of grandparent layer are oval, brown, 0.31and 61.9gm respectively. The 
grandparents are good in fertility (95 %) and hatchability (79 %) and also they start to lay egg 
at 19th weeks of age that is comparable to the standards of the breed. 
 
Key words: Grandparent, Dominant Brown D102, Layer, Fertility and Hatchability 

 
Introduction 

 
Households depending heavily on agriculture and livestock can depend on poultry as a low 
cost option for food security. Food Security & Agriculture programs aim at creating to make 
measurable and sustainable improvements in farming production and resource utilization 
through instruction and skills improvement in growing, processing and marketing practices. 
Poultry farmer’s livelihoods are directly effective through adequate production, health and 
quality of their bird’s including distribution and marketing at equal and fare pricing.  
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The expansion of the commercial production is almost walking on its knee as the emerging 
farmers can only function if and only if they are able to get chickens from these few farms. 
Research systems have not yet evaluate and identified the right sources of productive layer 
breeds, considering Ethiopian situation. On the other hand, the Bovan breed which is widely 
imported by private farms was not scientifically compared with other breeds, and that might 
why small scale farmers operating in and around Debre Zeit, always complaining about the 
productivity of commercial layer breeds which is very lower than breeders’ suggestion. 
Moreover, poultry producers have been facing with problem of raising prices of day-old chicks 
from time to time. 
 
Due to the expansion of cropping land to satisfy the ever growing human population, rearing 
of ruminant animals to supply the demand of animal products becomes difficult in Ethiopia, 
but rather chicken production seems to be seasonal choice. Hence, the contribution of chicken 
production may be the first alternative in supplying food to the urban, peri-urban and rural 
areas. Moreover, nowadays, in many countries, poultry are ahead of all livestock in economic 
importance, David (2000) and in line with this, Keith (2000) as cited in David (2011) also 
reported that poultry is the most efficient animal species to produce human food like meat. On 
the other hand, lack of best performing Grandparent as well as commercial layer breeds and 
less promising poultry technology under farmers’ managements are the bottle neck problem to 
exploit poultry potential in Ethiopia.   
 
The informal and formal information found through the scaling up work conducted and other 
meetings with the poultry producers witnessed the significance of looking for mechanisms to 
enhance poultry productivity and top evaluate poultry promising technologies under farmers’ 
management through National- project-research. Basically, the project was identified and 
prioritized from the viewpoint of customers’ need for enhancement of poultry productivity and 
evaluating promising poultry promising technology packages under their managements.  
 
Therefore if we have to see any further progress in the growing poultry industry of the country, 
it was crucial to import, evaluate at research and on farm condition and avail an alternative 
layer breed.  

 
Objectives 

 
 To enhance genetic base of commercial poultry industry through introduction of 

commercial grandparent layer breeds 
 To evaluate promising poultry technologies on-station and on-farm 

 
Methodology 

 
Technical Discussion 

 
One grandparent layer lines from AI free countries listed by MOARD was imported up on their 
permission. These lines were from the leading companies very well known in poultry industry. 
The first 72 hours in the life of chicken is very critical. Therefore necessary precautions were 
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taken in order to guarantee their future performance. The breeders’ manual was therefore 
strictly followed in this regard.  
 
The management of the chickens was divided in to three parts (0 to 8, 9 to 17, 20 to 46 weeks of 
age). The chicks were kept in open house. It was concrete floor with teff straw at a thickness of 
7 to 10 cm. The chicks were housed at a recommended stocking density. Standard lighting 
program by the breeders’ was also applied.  
 
The feed for the chicks were formulated at DZARC. All the necessary inputs were purchased 
and formulated to contain the recommended nutritive value using the Feed win computer 
software. Feeders and drinkers were placed in the house according to the recommendations of 
the breeders. 
 
 The vaccination plan of the breeders were taken and made to reconcile with the strategy 
under our condition. Vaccines which the parent stock has been given were imported with the 
animals and also the hygienic procedures were employed. When the growers are about to start 
lying (usually at the age of week 18), individual nest was provided to them at a ratio of 1 nest to 
7 layers.  
 
All the required data were taken and also still we are taking the rest of the data. Generally the 
data to be collected were, the average feed intake (g/bird/day) and (g/bird/week), growth rate 
(group) (g/b/day) and (g/bird/week), FCR, mortality in %/week, average egg production 
(bird/week in %), the external (Egg shape, Egg shell color, Shell thickness, Av.Egg weight) and 
internal (Albumen weight, Yolk weight, Yolk color, Yolk/Albumen Ratio) egg quality 
measurements, Age at first egg laying, Fertility, Hatchability. 
 

Result and Discussion 
 

The performance of commercial grandparent layer (Dominant Brown D102) under Debre Zeit 
Agricultural Research Center throughout the experimental periods were expressed as  average 
total body weight, body weight gain, feed intake, feed conversion rate (FCR), mortality, and 
average egg production  external and internal egg quality measurements.  

 
Average feed intake during the starter phase (0 to 8 weeks) 

 
The average feed intake of grandparent during starter phase (0 to 8 weeks) in (g/bird/day) and 
(g/b/week) for all lines A, C, B and D are 35.46 and 248.19respectively. This average feed intake 
is different from that of their manuals for all lines as 31.13 and 217.9. 
 
According to the report of Ernest (1996) the amount of feed that is to be consumed / bird / day 
was various because the feed intake largely depends on factors like feed quality, palatability, 
climates, housing systems, health, management and other factors so our finding of average 
feed intake in g/b/day and g/b/week of lines A, C, B and D are higher in feed intake than that 
of their manuals (shown in table 1 as below).    
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Table 1: Average feed intake (g/bird/day) and (g/bird/week) of line A, C, B and D grandparent 
layer with their standards during starter phase (0 to 8 weeks) , during grower phase (9 to 17 
weeks) and during their layer stages (20 to 46 weeks).  
 
 
 
Weeks (age) 

Feed intake 
(g/b/day) 
 

Feed intake 
(g/b/day) 
(standards) 

Feed intake 
(g/b/wk) 
 

Feed intake 
(g/b/wk) 
(standards) 

Line  
A,C,B& D 

Line  
A,C,B&D 

Line  
A,C,B&D 

Line  
A,C,B&D 

0 – 8 35.46 31.13 248.19 217.9 
9 – 17 68.15 68.44 477.01 479.11 
20 – 46 122.96 122 860.72 854 

 
Average body weight during the starter phase (0 to 8 weeks) 

 
The average weekly total body weight (g/bird/week) and weight gain (g/bird/week) during 
starter phase (0 to 8 weeks) for lines A & C and B & D are 252.44, 246.49, 72.25 and 66.93 
respectively. This is different from that of their manuals in body weight (g/bird/week) and 
weight gain (g/bird/week) for line A & C and B & D as 424.38 & 315.63 and 110 & 86 respectively 
and that of FCR and Mortality (%)/week within this week for lines A, C, B and D are 0.91, 1.17, 
1.38, 1.10, 0, 0, 0 and 0.15 respectively (shown in table 2 as below).   
 
Table 2:- Average weekly total body weight (g/bird/week), weight gain (g/bird/week) and FCR 
with their standards of line A, C, B and D grandparent layer during starter phase (0 to 8 weeks) 
and during grower phase (9 to 17 weeks).  

 
Week(age) Average weekly 

weight 
(g/b/week) 
 
M                F 

Average 
weekly weight 
(standards) 
 
M             F 

Average 
weekly 
weight gain 
(g/bird/week) 
M           F 

Average 
weekly 
weight 
gain 
(standards) 
M           F 

 
FCR 
 
M                      F 

 Line 
A& C 

Line 
B & D 

Line 
A &C 

Line 
B &D 

Line 
A& C 

Line 
B & 
D 

Line  
A 
&C 

Line 
B 
&D 

Line 
A 

Line 
C 

Line 
B 

Line 
D 

0 – 8 252.44 246.49 424.38 315.63 72.25 66.93 110 86 0.9 1.17 1.38 1.10 
9 – 17 1019.02 978.62 1487 1117 100.9 84.35 120 94 0.47 0.56 0.51 0.46 

 
Average feed intake during the growers stages (9 to 17 weeks) 

 
The average feed intake of grandparent during the growers’ stages (9 to 17 weeks) in 
(g/bird/day) and (g/b/week) for lines A & C and B & D are 68.15 and 477.01 respectively. This is 
comparable with their manuals for all lines in average feed intake (g/bird/day) and (g/b/week) 
as 68.44 and 479.11 respectively (shown in table 1 above).    
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Average weekly body weight during growers stages (9 to 17 weeks) 

 
The average weekly total body weight (g/bird/week) and weight gain (g/bird/week) during 
growers’ stage (9 to 17 weeks) for lines A & C and B & D are 1019.02, 978.62, 100.9 and 84.35 
respectively. When they compare with their manual for body weight (g/bird/week) and weight 
gain (g/bird/week) for lines A & C and B & D are 1487 & 1117 and 120 & 94and that of FCR and 
Mortality (%)/week for all lines A, C B and D are 0.47, 0.56, 0.51, 0.46, 0, 0.78, 0 and 0.09 
respectively (shown in table 2 above).    
 

Average feed intake during their layers stages (20 to 46 weeks) 
 

The average feed intake grandparent layers during their layers stages in (g/bird/day) and 
(g/b/week) for all lines A, C, B and D are 122.96, 860.22 respectively and their manuals said for 
feed intake in (g/bird/day) and (g/b/week) for all lines are 122 and 854 this shows that the 
grandparents have comparable feed intakes in our farm with their manuals and also that their 
mortality (%)/week for all lines A, C, B and D are 0.00, 0.51, 2.08 and 0.38 respectively (shown 
in table 1 above).    
 

Average weekly body weight during layer stages (20 to 37 weeks)   
 

The average weekly total body weight (g/bird/week), weight gain (g/bird/week) and FCR 
during layer stage (20 to 37weeks) for line A and B are 2369.69, 1595.81, 56.26, 4.89, 0.37 and 
0.55 respectively and that of the line C and D are 2218.46, 1615.99, 46.27, 5.04, 0.39 and 0.53 and 
also their manual said for the weight of hen between this weeks for line B and D are 2200gm 
this shows that the females of father and mother population have similar body weight to our 
findings (shown in table 3 as below).      
 
Table 3:- Average weekly total body weight (g/bird/week), weight gain (g/bird/week) and FCR 
with their standards of line A, B, C and D grandparent layer during their layer stage (20 to 37 
weeks).   

 
Week
s (age) 

Average weekly weight  (g/b/week) Average weekly weight gain 
/b/ wk (g/b/week) 

 
FCR 

(A)M (B)F (C)M (D)F (A)F (B)
M 

(C)
M 

(D)
F 

(A)
F 

(B)
M 

(C)
M 

(D)
F 

20 - 37 2369.6
9 

1595.8
1 

2218.4
6 

1615.9
9 

56.2
6 

4.89 46.2
7 

5.04 0.37 0.55 0.39 0.53 

 
Average egg production during the later stages (20 to 46 weeks) 
 
Average egg production/week in percentages of line B commercial grandparent layer during 
their laying stages (20 to 46 weeks) are 50 % to 85.2 %this shows that there is a minor 
difference from that of their standards 63 % to 90% and also that of the line D commercial 
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grandparent layer with in this weeks are 69.1 % to 89.5%that is almost similar with standards 
0f63 to 91%. 

 
External egg quality measurements 

The average egg shape, egg shell color, shell thickness, Average egg weight of grandparent 
layer are oval, brown, 0.31 and 61.9gm respectively.   
 

Internal egg quality measurements 
 

The average albumen weight, yolk weight, yolk color, and yolk/albumen ratio of grandparents 
are 33.04gm, 16.83gm, 1 and 50.90 respectively.     

 
Reproductive parameters 

 
The grandparents are good in fertility (95 %) and hatchability (79 %) and also they start to lay 
egg at 19th weeks of age that is comparable to the standards of the breed.  

 
Conclusion and Recommendations 

 
Based on the data collected analysis, the results are comparable with the breed manuals 
(standards) so we can say that the grandparent stocks (Dominant Brown D102) are adapting 
the Debre Zeit Agri. Research Station without any problems and we can recommend for our 
beneficiaries (Small scale farmers, Large scale commercial farmers, Agro-processors, Exporters, 
Researchers and others) to import and to use it without any problems.   

 
Reference 
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Enhancing the Genetic Basis of the Commercial Broiler Industry through Introduction 
and Evaluation of Parent Stock 

 
Dawud Ibrahim, Wondmeneh Esatu, Meskerem Adamu, Alemayehu Amare and Tadios Habte 

Debre Zeit Agricultural Research Center, P.O.Box 32, Debre Zeit, Ethiopia 
 

Abstract 
 

A study was conducted in Debre Zeit Agricultural Research Center for enhancing the 
genetic basis of commercial broiler industry through introduction and evaluation of parent 
stock (Hubbard Classic). The parent stock were a day old ages when the experiment was 
started. The experiment was conducted for fifty five weeks of period 2001/2002 E.C. The 
management and data on the performance of the chickens was divided in to three parts (0 
to 8, 9 to 19, 25 to 55 weeks). The average feed intake of female and male commercial 
broiler during starter phase (0 to 8 weeks) in (g/bird/day) and (g/b/week) are 36.63, 48.5, 
256.38 and 339.2. This average feed intake is comparable with their standards as 45.17, 49.0, 
and 316.17 and 343.0.  The average female and male weekly total body weight (g/bird/week), 
weight gain (g/bird/week), FCR and Mortality (%)/week during starter phase are 446.2, 
538.1, 93.2, 134.9, 0.7,  0.8, 0.2 and 0.4 respectively. This is comparable with standards as 
485.0, 620.0, 101.4 140.0, 0.6 and 0.4. The average feed intake of female and male during 
grower phase (9 to 19 weeks) in (g/bird/day) and (g/b/week) are 56.5, 75, 395.7 and 529 
respectively. This average feed intake differs from that of 77.4, 82.6 541.5 and 575.9 of their 
standards respectively. The average female and male weekly total body weight 
(g/bird/week), weight gain (g/bird/week), FCR and Mortality (%)/week during grower 
phase are 1111.7, 1756.5, 36.3, 74.7, 0.4, 0.3, 0.7 and 1.6 respectively. This is comparable with 
standards as 1482.7, 1939.1, 117.3, 140.9, 0.4 and 0.3 respectively but they are different with 
weight gain. The average feed intake of female and male during layers stage (25 to 55 
weeks) in (g/b/day) and (g/b/week) are 133.75 and 936.19 respectively. This average feed 
intake is comparable with their standards as 132.0 and 924.0. The average body weight 
(g/bird/week), weight gain (g/bird/week) and FCR of female and male during their layers 
stages are 2943.2, 4720.96, 37.12, 86.96 and 0.32 respectively. The average egg production 
/week in percentages are 46.8% to 72% that is different from standards 0f 73.55 to 86% 
during the later stages of (25 to 72 weeks). The average egg shape, egg shell colours, shell 
thickness, Average .Egg weight are oval, light brown and brown, 0.57 and 64.88gm 
respectively. The average albumen weight, yolk weight, yolk color, and yolk/albumen ratio 
are 31.04gm, 16.13gm, 1 and 53.63 respectively. The Hubbard Classic is good in fertility (85 
%) and hatchability (75%) and also they start to lay egg at 27th weeks of age that is 
comparable to the standard of 25th weeks of age.  

 
Key words: Broiler, Parent Stock, Hubbard Classic, Fertility and Hatchability 

 
Introduction 

 
The recent estimate of Ethiopian chicken population according to CSA’s (2007) census is 34.2 
million, excluding pastoral and agro-pastoral areas. However the majority of the population is 
composed of low producing scavenging chickens.  
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The expansion of the commercial poultry production is almost walking on its knee as the 
emerging farmers can only function if and only if they are able to get chickens from these few 
private farms. Research systems yet not evaluate and identify the right sources of productive 
parent as well as commercial layer breeds, considering Ethiopian situation.  
 
The informal and formal information found through the scaling up work conducted and other 
meetings with the poultry producers witnessed the significance of looking for mechanisms to 
enhance poultry productivity and evaluate poultry promising technologies under farmers’ 
management through National-Project-Research. Basically, the project was identified and 
prioritized from the viewpoint of customers’ need for enhancement of poultry productivity and 
evaluating poultry promising technology packages on-station and on-farm under farmers’ 
managements. Moreover, all steps of importing required breed, on-station and on-farm 
evaluation of technologies were implemented properly for broiler breeds, the project was very 
important in addressing the developmental constraint. 
 
Therefore, the project was designed to bring progress in the growing poultry industry of the 
country. It was crucial to import and verify and avail alternative breed. Poultry technologies 
which will speed up the sectors development like husbandry, feeding and health care will be 
evaluated and selected for release.  New technologies that have been tried somewhere in the 
world must be adopted and apply to Ethiopian condition as soon as possible. In the long run 
this can reduce poverty through income generation and fetching hard currency through export 
of poultry products. It also sustains food self-sufficiency by alleviating animal protein shortage. 

 
Objectives 

 
 To enhance genetic base of commercial poultry industry through introduction of 

commercial broiler breeds. 
 To evaluate promising poultry technologies on-station. 

 
Methodology 

 
Technical Discussion 

 
One broiler parent line breed from AI free countries listed by Minister of Agriculture and Rural 
Development (MOARD) was imported up on their permission. This breed was from the leading 
companies very well known in poultry industry. The first 72 hours in the life of chicken is very 
critical. Therefore necessary precautions were taken in order to guarantee their future 
performance. The breeders’ manual was therefore strictly followed in this regard.  
 
The management of the chickens was divided in to three parts (0 to 8, 9 to 19, 25 to 55 weeks of 
age). The chicks were kept in open house. It was concrete floor with teff straw at a thickness of 
15cm. The chicks were housed at a recommended stocking density. Standard lighting program 
by the breeders’ was also applied.  The feed for the chicks were formulated at Debre Zeit 
Agricultural Research Center (DZARC). All the necessary inputs were purchased and 
formulated to contain the recommended nutritive value. Feed formulation was done using 
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Feed win computer software. Feeders and drinkers were placed in the house according to the 
recommendations of the breeders. 
 
 Vaccination program were set according to the vaccination program of the area. When the 
growers are about to start lying (usually at the age of week 18), individual nest was provided to 
them at a ratio of 1 nest to 7 layers. All the required data were taken. Generally the data to be 
collected were, the average feed intake (g/bird/day) and (g/bird/week), growth rate (group) 
(g/b/day) and (g/bird/week), FCR, mortality in %/week, average egg production (bird/week in 
%), the external (Egg shape, Egg shell color, Shell thickness, Average Egg weight) and internal 
(Albumen & Yolk weight, Yolk color, Yolk/Albumen Ratio) egg quality measurements, Age at 
first egg laying, Fertility & Hatchability. 
 

Result and Discussion 
 
The performance of commercial broiler (Hubbard Classic) Parent Stock under Debre Zeit 
Agricultural Research Center throughout the experimental periods were expressed as average 
total body weight, body weight gain, feed intake, feed conversion rate (FCR), mortality, and 
average egg production per week as follow.   

 
Average feed intake during the starter phase (0 to 8 weeks) 

 
The average feed intake of female commercial broiler (Hubbard Classic) during starter phase in 
(g/bird/day), (g/b/week) and mortality are 36.63, 256.38, and 0.24 respectively (Table 1 &2). 
This average feed intake is comparable with their standards feed intake of Hubbard Classic as 
45.17 and 316.17.  
 

Table 1: Average feed intake (g/bird/day) and (g/bird/week) of female commercial Broiler 
(Hubbard Classic) during starter phase (0 to 8 weeks) 

 
Week No of 

birds 
feed intake 
(g/b/day) 

Feed intake/ 
day (standards) 

feed intake 
(g/b/wk) 

feed intake/ 
wk 
(standards ) 

Mortality 
(%/week) 

Week 1 1075 12.860.13 AdLib 90.000.62 AdLib 1.4 
Week 2 1070 13.860.35 AdLib 97.010.55 AdLib 0.4 
Week 3 1070 18.520.11 33 129.630.17 231.0 0.0 
Week 4 1070 58.280.34 39 407.940.29 273.0 0.0 
Week 5 1070 49.270.47 44 344.860.45 308.0 0.0 
Week 6 1070 46.730.19 48 327.100.44 336.0 0.0 
Week 7 1070 46.730.19 52 327.100.44 364.0 0.0 
Week 8 1069 46.770.19 55 327.370.39 385.0 0.1 
Mean  36.630.25 45.17 256.380.42 316.17 0.24 

The average feed intake of male commercial broiler (Hubbard Classic) during starter phase in 
(g/bird/day), (g/b/week) and mortality are 48.5, 339.2, and 0.4 respectively. This average feed 
intake is comparable with their standards feed intake of Hubbard Classic as 49.0 and 343.0.  

 
 



Ethiopian Society of Animal Production 2012 

 

54  
 

 
 

Table 2: Average feed intake (g/bird/day) and (g/bird/week) of male commercial Broiler 
(Hubbard Classic) during starter phase (0 to 8 weeks) 

 
Week No of 

birds 
feed intake 
(g/b/day) 

Feed intake / 
day (standards) 

feed intake 
(g/b/wk) 

feed intake/ wk 
(standards) 

Mortality 
in % 

Week 1 170 7.730.17 AdLib 54.120.48 AdLib 0.0 
Week 2 168 26.060.47 AdLib 182.430.43 AdLib 1.2 
Week 3 168 38.440.40 35 269.050.51 245 0.0 
Week 4 167 58.110.57 42 406.760.32 294 0.6 
Week 5 167 67.750.43 48 474.250.43 336 0.0 
Week 6 167 71.860.50 52 502.990.56 364 0.0 
Week 7 167 50.300.44 56 352.100.53 392 0.0 
Week 8 165 67.410.37 61 471.890.22 427 1.2 
Mean   48.50.42 49.0 339.20.50 343.0 0.4 

 
Average weekly body weight during the starter phase (0 to 8 weeks) 

 
The average female weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR 
and Mortality (%)/week of Hubbard Classic during starter phase (0 to 8 weeks) are 446.2, 93.2, 
0.7 and 0.2 respectively (shown in table 3 & 4 as below). This is comparable with standards of 
female weekly total body weight (g/bird/week), weight gain (g/bird/week) and FCR as 485.0, 
101.4 and 0.6.   

 
Table 3: Average total body weight (g/bird/week), weight gain (g/bird/week), FCR and 

Mortality (%)/week with their standards of female commercial Broiler (Hubbard Classic) 
during starter phase (0 to 8 weeks) 

 
 

 
Week 

No 
of 
birds 

Average 
body weight 
(g/b/week)   

Average 
body 
weight 
(standards) 

Average body  
weight gain 
(g/bird/week) 
 

Average 
body   
weight gain 
(standards) 

FCR FCR 
(standards) 

Mortality 
 
(%)/week 

Week 
1 

1075 73.800.50 120 0.000.00  1.220.25  1.4 

Week 
2 

1070 111.300.40 230 37.500.61 110 0.870.04  0.4 

Week 
3 

1070 240.500.40 340 129.200.71 110 0.540.15 0.7 0.0 

Week 
4 

1070 413.300.67 440 172.800.70 100 0.990.04 0.6 0.0 

Week 
5 

1070 574.110.56 540 160.810.51 100 0.600.19 0.6 0.0 

Week 
6 

1070 650.120.54 640 76.010.86 100 0.500.24 0.5 0.0 

Week 
7 

1070 687.090.84 740 36.970.50 100 0.480.09 0.5 0.0 

Week 
8 

1069 819.630.45 830 132.540.37 90 0.400.10 0.5 0.1 

Mean  446.20.54 485.0 93.20.53 101.4 0.70.14 0.6 0.2 
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The average male weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR and 
Mortality (%)/week of Hubbard Classic during starter phase (0 to 8 weeks) are 538.1, 134.9, 0.8 
and 0.4 respectively. This is comparable with standards of male weekly total body weight 
(g/bird/week), weight gain (g/bird/week) and FCR as 620.0, 140.0 and 0.4. 

 
Table 4: Average body weight (g/bird/week), weight gain (g/bird/week), FCR and Mortality 
(%)/week with their standards of male commercial Broiler (Hubbard Classic) during starter 

phase (0 to 8 weeks) 
 

 
Week 

No 
of 
birds 

Average 
body weight 
(g/b/week) 

Average 
 body 
weight 
(standards) 

Average body 
weight gain   
(g/bird/week) 
 

Average 
body  
weight gain 
(standards) 

FCR FCR 
(standards) 
 

Mortality 
(%)/week 

Week 
1 

170 75.500.44 130 0 0.00  0.720.06 0.0 0.0 

Week 
2 

168 152.400.48 270 76.90 0.76 140 1.200.14 0.0 0.0 

Week 
3 

168 254.000.46 410 101.60 0.70 140 1.060.27 0.6 0.6 

Week 
4 

167 476.300.47 550 222.300.42 140 0.850.03 0.5 0.5 

Week 
5 

167 642.030.88 690 165.730.20 140 0.740.01 0.5 0.5 

Week 
6 

167 722.340.33 830 80.320.67 140 0.700.02 0.4 0.4 

Week 
7 

167 827.600.17 970 105.260.31 140 0.430.02 0.4 0.4 

Week 
8 

165 1154.500.44 1110 326.900.59 140 0.410.05 0.4 0.4 

Mean   538.10.46 620.0 134.90.46 140.0 0.80.07 0.4 0.4 
 

Average Feed Intake during the Grower Phase (9 To 19 Weeks) 
 

The average feed intake of female commercial broiler (Hubbard Classic) during grower phase 
in (g/bird/day), (g/b/week) and mortality are 56.5 and 395.7 respectively (Table 5 & 6). This 
average feed intake differs from that of 20.9 and 146 with their standards feed intake of 
Hubbard Classic of 77.4 and 541.5. 
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Table 5: Average feed intake (g/bird/day) and (g/bird/week) with their standards of female 
commercial Broiler (Hubbard Classic) during the grower stages (9 to 19 weeks) 

 
Week No of 

birds 
feed intake 
(g/b/day) 

feed intake/ day 
(standards) 

feed intake 
(g/b/wk) 

feed intake/ wk 
 (standards) 

Week 9 1067 46.790.38 58 327.510.39 406.00 
Week 10 1058 47.170.68 61 330.160.58 427.00 
Week 11 1054 47.360.43 65 331.500.35 455.00 
Week 12 1043 47.800.21 69 334.580.30 483.00 
Week 13 1041 48.020.48 73 336.120.54 511.00 
Week 14 1028 48.400.36 77 338.820.21 539.00 
Week 15 1010 65.360.31 81 457.550.36 567.00 
Week 16 1007 72.330.41 85 506.300.53 595.00 
Week 17 1003 67.680.36 89 473.730.37 623.00 
Week 18 997 60.030.76 94 420.180.52 658.00 
Week 19 981 70.920.54 99 496.460.25 693.00 
Mean   56.50.44 77.4 395.70.40 541.5 

 
The average feed intake of male commercial broiler (Hubbard Classic) during grower phase in 
(g/bird/day), (g/b/week) and mortality are 75.6 and 529 respectively. This average feed intake 
is comparable with their standards feed intake of Hubbard Classic of 82.6 and 575.9.  
 

Table 6: Average feed intake (g/bird/day) and (g/bird/week) with their standards of male 
commercial Broiler (Hubbard Classic) during the growers stages (9 to 19 weeks) 

 
Week No 

of 
birds 

feed intake 
(g/b/day) 

feed intake 
 / 
day(standards) 

feed intake 
(g/b/wk) 

feed intake/ 
wk 
 (standards) 

Week 9 165 73.170.80 66 512.200.56 462 
Week 10 163 73.431.06 71 513.990.53 497 
Week 11 163 73.620.41 75 515.340.36 525 
Week 12 160 74.270.50 77 519.920.50 539 
Week 13 158 69.310.30 79 485.160.48 553 
Week 14 156 70.190.50 81 491.360.27 567 
Week 15 149 81.340.60 84 569.350.40 588 
Week 16 146 73.810.21 87 516.670.29 609 
Week 17 143 79.970.28 90 559.790.17 630 
Week 18 140 80.420.44 95 562.970.49 665 
Week 19 132 81.750.51 100 572.280.42 700 
Mean   75.60.51 82.3 529.00.40 575.9 

 
 

Average Weekly Body Weight during the Grower Phase (9 To 19 Weeks) 
 

The average female weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR 
and Mortality (%)/week of Hubbard Classic during grower phase (9 to 19 weeks) are 1111.7, 36.3, 
0.4 and 0.7 respectively(shown in table 7 & 8). This is comparable with standards of female 
weekly total body weight changes (g/bird/week) and FCR 1482.7, 117.3, and 0.4 respectively but 
they are different with weight gain. 
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Table 7: Average total body weight (g/bird/week), weight gain (g/bird/week), FCR and 
Mortality (%)/week with their standards of female commercial Broiler (Hubbard Classic) 
during the grower stages (9 to 19 weeks) 

 
 
Week 

No 
of 
birds 

Average 
body weight     
(g/b/week) 

Average 
body 
weight 
(standards) 

Average 
body  
weight gain 
(g/b/week) 
 

Average 
body 
weight gain 
(standards) 

FCR FCR 
(standards) 
 

Mortality 
(%/week) 

Week 
9 

1067 1063.910.15 920 244.280.04 90 0.310.02 0.4 0.2 

Week 
10 

1058 1078.800.65 1020 14.890.46 100 0.310.02 0.4 0.9 

Week 
11 

1054 998.500.56 1120 -80.300.53 100 0.330.04 0.4 0.4 

Week 
12 

1043 1003.001.00 1230 4.500.21 110 0.330.04 0.4 1.1 

Week 
13 

1041 1019.630.20 1340 16.630.25 110 0.330.04 0.4 0.2 

Week 
14 

1028 1027.830.21 1450 8.200.21 110 0.330.04 0.4 1.3 

Week 
15 

1010 1068.220.40 1580 40.390.47 130 0.430.04 0.4 0.8 

Week 
16 

1007 1255.820.10 1710 187.600.95 130 0.400.02 0.3 0.2 

Week 
17 

1003 1247.001.38 1840 -8.820.36 130 0.380.02 0.3 0.4 

Week 
18 

997 1247.170.99 1980 0.170.02 140 0.340.02 0.3 0.6 

Week 
19 

981 1219.320.47 2120 -27.850.86 140 0.410.02 0.3 1.6 

Mean  1111.70.56 1482.7 36.30.43 117.3 0.40.03 0.4 0.7 
 
The average male weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR and 
Mortality (%)/week of Hubbard Classic during grower phase (9 to 19 weeks) are 1756.5, 74.7, 0.3 
and 1.6 respectively. This is comparable with standards of male weekly total body weight 
(g/bird/week) and FCR 1939.1, 140.9 and 0.3 respectively but they are different with weight gain 
(Table 8). 

 
 
 
 
 
 
 
 
 
 
 
 



Ethiopian Society of Animal Production 2012 

 

58  
 

Table 8: Average body weight (g/bird/week), weight gain (g/bird/week), FCR and Mortality 
(%)/week with their standards of male commercial Broiler (Hubbard classic) during the grower 

stages (9 to 19 weeks) 
 

 
Week 

No 
of 
birds 

Average 
 body weight      
(g/b/week) 

Average 
body 
weight 
(standards) 

Average body 
weight gain 
(g/bird/week) 
 

Average 
body 
weight gain 
(standards) 

FCR FCR 
(standards) 
 

Mortality 
(%)/week 

Week 
9 

165 1287.500.35 1240 133.001.53 130 0.400.02 0.4 1.2 

Week 
10 

163 1529.300.95 1370 241.800.46 130 0.340.03 0.4 0.0 

Week 
11 

163 1452.200.61 1500 -77.101.54 130 0.350.03 0.4 1.2 

Week 
12 

160 1625.500.91 1645 173.300.42 145 0.320.03 0.3 0.0 

Week 
13 

158 1682.960.23 1790 57.460.40 145 0.290.02 0.3 1.9 

Week 
14 

156 1866.170.10 1935 183.210.51 145 0.260.01 0.3 1.3 

Week 
15 

149 1943.900.57 2080 77.730.27 145 0.290.02 0.3 1.3 

Week 
16 

146 2052.620.10 2225 108.720.15 145 0.250.04 0.3 4.7 

Week 
17 

143 2016.350.31 2370 -36.270.54 145 0.280.03 0.3 2.1 

Week 
18 

140 1889.640.51 2515 -126.710.80 145 0.300.02 0.3 2.1 

Week 
19 

132 1975.660.61 2660 86.021.22 145 0.290.02 0.3 2.1 

Mean   1756.50.46 1939.1 74.70.71 140.9 0.30.02 0.3 1.6 

 
Average Feed Intake during the Layers Stage (25 To 55 Weeks) 

 
The average feed intake of female and male commercial broiler (Hubbard Classic) during layers 
stage in (g/b/day) and (g/b/week) are 133.75 and 936.19 respectively. This average feed intake is 
comparable with their standards feed intake (g/b/day) and (g/b/week) of Hubbard Classic of 
132.0 and 924.0. 
 



Animal Breeding and Reproduction 2012 

 

                                                                                                                                                             59 
 

 
 

Figure 1: Average feed intake (g/bird/day) and (g/bird/week) with their standards of female 
and male commercial Broiler (Hubbard Classic) during their layers stages (25 to 55weeks). 

 
Average Weekly Body Weight during Their Layers Stages (25 To 53 Weeks) 

 
The average female and male weekly total body weight (g/bird/week), weight gain 
(g/bird/week) and FCR of Hubbard Classic during their layers stages (25 to 53 weeks) are 
2943.2, 4720.96, 37.12, 86.96 and 0.32 respectively(shown in table 10 as below). There is a 
difference with standards or their manuals of female and male in average weekly total body 
weight (g/bird/week) weight gain (g/bird/week) and FCR 3563, 4455 and 25, 10 respectively. 
 

 
Figure 2: Average body weight (g/bird/week), weight gain (g/bird/week) and FCR of female 
and male commercial Broiler (Hubbard classic) during their layers stages (25 to 53 weeks). 

 
Average Egg Production during the Layers Stage (25 To 55 Weeks) 

 
The average egg production /week in percentages are 46.8% to 72% that is different from 
standards 0f 73.55 to 86% during the layers stage of (25 to 55 weeks).  
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External Egg Quality Measurements 
 

The average egg shape, egg shell colours, shell thickness, Av.Egg weight of commercial broiler 
(Hubbard Classic) are oval, light brown and brown, 0.57 and 64.88gm respectively.   

 
Internal Egg Quality Measurements 

 
The average albumen weight, yolk weight, yolk color, and yolk/albumen ratio of commercial 
broiler (Hubbard Classic) are 31.04gm, 16.13gm, 1 and 53.63 respectively.     
 
 

Reproductive Parameters 
The commercial broilers (Hubbard Classic) are good in fertility and hatchability (75%) and also 
they start to lay egg at 27th weeks of age that is comparable to the standard of 25th weeks of age. 

 
Conclusion and Recommendations  

 
Based on the data collected analysis, the results are comparable with the breed manuals 
(standards) so we can say that the broiler parent stocks (Hubbard Classic) are adapting the 
Debre Zeit Agri. Research Station without any problems and we can recommend for our 
beneficiaries (Small scale farmers, Large scale commercial farmers, Agro-processors, 
Exporters, Researchers and others) to import and to use it without any problems.   

 
Reference   

 
Central Statistical Authority, (2007). Addis Ababa, Ethiopia. Ernest, B. (1996). Practical poultry 
nutrition. IPC livestock. Barneveld College.  Hubbard SAS Breeder company 2011. Hubbard 
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Enhancing the Genetic Basis of the Commercial Layer Industry through Introduction 
and Evaluation of Dual Purpose Chicken (Potchefstroom Koekoek Breed) 

 
Wondmeneh Esatu, Dawud Ibrahim, Alemayehu Amare, Meskerem Adamu and Tadios Habte 

Debre Zeit Agricultural Research Center, P.O.Box 32, Debre Zeit, Ethiopia 
 

Abstract 
 

Enhancing the genetic basis of commercial layer industry through introduction and 
evaluation of dual purpose chicken study was conducted Debre Zeit Agricultural Research 
Center.  The dual purpose chicken (Koekoek breed) were a day old ages when the 
experiment was started. The experiment was conducted for forty five weeks of periods 
2001/2002 E.C. The management and data on the performance of the chickens was divided 
in to three parts (0 to 8, 12 to 20, 27 to 45 weeks of age).The chicks were kept in open 
house. It was concrete floor with teff straw at a thickness of 15 cm. The feed for the chicks 
were formulated at Debre Zeit Agricultural Research Center. The average feed intake of this 
dual purpose breed (Potchefstroom Koekoek) during starter phase in (g/bird/day) and 
(g/b/week) for both sexes are 33.5 and 234.5 respectively. And their average weekly total 
body weight (g/bird/week), weight gain (g/bird/week) and Mortality (%)/week of dual 
purpose breed for female and male are 156.65, 150.26, 43.79, 30.59 and 0.26 respectively. 
This is comparable with the breed manuals (standards) of the layers. The average feed 
intake of this dual purpose breed during the growers’ stages in (g/bird/day) and (g/b/week) 
for female and male are 79.87, 76.33, 559.11 and 534.32 respectively. And also their average 
weekly total body weight (g/bird/week), weight gain (g/bird/week) and Mortality (%)/week 
of dual purpose breed for female and male are 870.94, 1103.96, 99.22, 132.73, 3.41 and 2.98 
respectively. This is comparable with the breed manuals (standards) of the layers.  The 
average feed intake of dual purpose breed during the later stages in (g/bird/day) and 
(g/b/week) for female 122.68 and 858.73 respectively. And their average weekly total body 
weight (g/bird/week), weight gain (g/bird/week) and Mortality (%)/week of dual purpose 
breed during layer stage (27 to 45 weeks) for female and male 1872.84, 2652.59, 7.36, 53.10, 
0.46, 0.41 and 0.0 respectively. This is comparable with the breed manuals (standards) of 
the layers.   The average egg production /week at minimum and maximum in percentages 
are from 56.97% and 63.73% during the later stages of (27 to 45 weeks).  The average egg 
shape, egg shell color, shell thickness, Average egg weight of dual purpose breed are oval, 
brown, 0.35 and 51.9gm respectively.  The average albumen weight, yolk weight, yolk color, 
and yolk/albumen ratio of dual purpose breed are 28.13gm, 14.46gm, 3 and 
57.61respectively.  The dual purpose breeds are good in fertility (90 %) and hatchability (78 
%) and also they start to lay egg at 21st weeks of age that is comparable to the standard 
breed of layers. 
 

Key words: Dual Purpose, Potchefstroom Koekoek, Teff Straw, Feed Intake, Body Weight, 
Weight Gain, Fertility and Hatchability 

Introduction 
 

Poultry can be managed under different feeding systems, depending on the husbandry skills 
and the available feed (Pousga et al., 2005). However the majority of the chicken population is 
composed of low producing scavenging chickens. The sector in Ethiopia shows a clear 
distinction between traditional, low input systems on the one hand and improved production 
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systems using relatively advanced technology on the other hand (Alemu, 1995). The system is 
characterized by its low input and a corresponding low output (Tadele et al., 2000).  
 
The Debre Zeit Agricultural Research Center was distributing the fayoumi (dual purpose) 
chickens for more than 20 years by importing from Egypt. But now this breed are decreasing 
their performance, and also, the Debre Zeit Agricultural Research Center was scaling up the 
three completed package technologies, the layers, broilers and dual purpose chickens, so that 
to achieve this scaling up and other related activities, it is crucial to import, evaluate at 
research and on farm condition and avail an alternative dual purpose breed.. On the other 
hand, pure commercial layers and broilers need special managements; they must be managed 
based on their manuals. This dual purpose breeds (Koekoek) are so effective in rural and peri-
urban (out of infrastructure) areas which can be managed by the one who took the poultry 
training or who have little knowledge in rearing chickens. Moreover, poultry producers have 
been facing with problem of raising prices of day-old chicks from time to time. So that having 
an alternative dual purpose breeds are burning issue.   
 
Woljeejii Agricultural Industry is a private company that was involved in importing Effective 
Microorganism based Technology to Ethiopia.  This was possible through the active 
partnership and enabling collaboration with the Ethiopian Agricultural Research Institution 
(EARI) at the federal level. Through its collaborative work with other development agencies, 
Woljeejii has identified the Koekoek breed as a potential poultry breed for Ethiopia because of 
its high productivity in both meat and egg yield. The Potchefstroom Koekoek has been bred 
from Black Australorp and the White Leghorn over several years in Lesotho and South Africa 
and further refined through selection in recent years. This is a free ranging breed, but known 
to produce as high as 200 eggs annually as compared to 50 eggs for our native breeds.  This 
bird is also known for their high carcass weight (1.5 for the female and 2 kg for the male in 4 
months).  Considering the physical and social similarity with Lesotho, this bird is expected to 
be adaptive to the Ethiopian farming tradition. The introduction of this breed could be seen as 
a new technology importation in the field of poultry.  It opens up an opportunity for further 
research and trials in crossing with local and other breeds. 
 
Therefore if we have to see any further progress in the growing poultry industry of the country, 
it is crucial to import, evaluate at research and on farm condition and avail an alternative dual 
purpose breed. In light of these facts, this study was undertaken with the following objectives:    

 
Objectives(s) 

 
 To enhance genetic base of commercial poultry industry through introduction of dual 

purpose breed.  
 To evaluate the promising dual purpose breed technologies on-station.  
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Methodology 
 

Technical Discussion 
 

One dual purpose breeds from AI free countries listed by MOARD was imported up on their 
permission. This breed was from Lesotho University and South Africa country very well known 
in poultry industry. The first 72 hours in the life of chicken is very critical. Therefore necessary 
precautions were taken in order to guarantee their future performance. The breeders’ manual 
was therefore strictly followed in this regard.  
 
The management of the chickens was divided in to three parts (0 to 8, 12 to 20, 27 to 45 weeks 
of age). The chicks were kept in open house. It was concrete floor with teff straw at a thickness 
of 7 to 10 cm. The chicks were housed at a recommended stocking density. Standard lighting 
program by the breeders’ was also applied.  
 
The feed for the chicks were formulated at DZARC. All the necessary inputs were purchased 
and formulated to contain the recommended nutritive value using the Feed win computer 
software. Feeders and drinkers were placed in the house according to the recommendations of 
the breeders. 
 
 The vaccination plan of the breeders were taken and made to reconcile with the strategy 
under our condition. Vaccines which the dual purpose breed stock has been given were 
imported with the animals and also the hygienic procedures were employed. When the 
growers are about to start lying (usually at the age of week 18), individual nest was provided to 
them at a ratio of 1 nest to 7 layers.  
 
All the required data were taken and also still we are taking the rest of the data. Generally the 
data to be collected were, the average feed intake (g/bird/day) and (g/bird/week), growth rate 
(group) (g/b/day) and (g/bird/week), FCR, mortality in %/week, average egg production 
(bird/week in %), the external (Egg shape, Egg shell color, Shell thickness, Av.Egg weight) and 
internal (Albumen weight, Yolk weight, Yolk color, Yolk/Albumen Ratio) egg quality 
measurements, Age at first egg laying, Fertility, Hatchability. 

 
Result and Discussion 

 
The performance of dual purpose breed (Potchefstroom Koekoek) under Debre Zeit 
Agricultural Research centre throughout the experimental periods were expressed as  average 
feed intake, average total body weight, body weight gain, mortality, average egg production, 
the external and internal egg quality measurements, age at first egg laying, fertility, 
hatchability were expressed as follow.  

 
Average Feed Intake during the Starter Phase (0 To 8 Weeks) 

 
The average feed intake this dual purpose breed (Koekoek) during starter phase in (g/bird/day) 
and (g/b/week) for both sexes are 33.5 and 234.5 respectively (Table 1).   
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Table 2: Average feed intake (g/bird/day) and (g/bird/week) of female and male dual purpose 
breed (Koekoek) during starter phase (0 to 8 weeks) 

 
Week 
 

No of birds (F 
& M) 

Feed intake  
(g/b/day) 

feed intake  
(g/b/wk) 

Week 1 557 8.98 62.84 
Week 2 552 15.52 108.66 
Week 3 449 23.20 162.39 
Week 4 448 27.00 188.97 
Week 5 448 39.42 275.91 
Week 6 447 41.12 287.86 
Week 7 447 53.62 375.36 
Week 8 447 59.14 413.97 
Mean 33.50 234.50 

 
Average Body Weight during the Starter Phase (0 To 8 Weeks) 

 
The average weekly total body weight (g/bird/week), weight gain (g/bird/week)and Mortality 

(%)/week of dual purpose breed (Koekoek) during starter phase for female and male are 156.65, 
150.26, 43.79, 30.59 and 0.26 respectively (Table 2).  

 
Table 2: Average body weight (g/bird/week), weight gain (g/bird/week) and Mortality 
(%)/week of female and male dual purpose breed (Koekoek) during starter phase (0 to 8 
weeks) 

 
Week No of birds (F 

& M) 
Average weekly weight 
(g/b/week) 

Average weekly weight 
gain/b/wk 
(g/bird/week) 

Mortality 
(%/week)  

F M F M 
Week 1 557 48.69 53.60 45.27 37.71 0.90 
Week 2 552 93.96 91.31 3.29 8.06 0.54 
Week 3 449 97.25 99.37 18.31 21.82 0.22 
Week 4 448 115.56 121.19 19.82 18.49 0.00 
Week 5 448 135.38 139.68 53.85 60.64 0.22 
Week 6 447 189.23 200.32 28.66 28.58 0.00 
Week 7 447 217.89 228.90 137.34 38.84 0.00 
Week 8 447 355.23 267.74 - - 0.22 
Mean 156.65 150.26 43.79 30.59 0.26 
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Average Feed Intake during the Growers Stages (12 To 20 Weeks) 
 

The average feed intake of dual purpose breed (Koekoek) during the growers’ stages in 
(g/bird/day) and (g/b/week) for female and male are 79.87, 76.33, 559.11 and 534.32 
respectively.   
 
Table 3: Average feed intake (g/bird/day) and (g/bird/week) of dual purpose breed (Koekoek) 
during the growers stages (12 to 20 weeks) 

 
Week No of birds Feed intake 

 (g/b/day) 
Feed intake  
(g/b/wk) 

F M F M F M 
Week 12 261 286 71.30 75.18 499.12 526.24 
Week 13 240 277 71.83 75.88 502.78 531.14 
Week 14 238 268 73.50 77.22 514.51 540.54 
Week 15 235 261 75.96 67.01 531.70 469.09 
Week 16 235 259 85.11 76.67 595.74 536.69 
Week 17 234 252 85.21 78.04 596.47 546.31 
Week 18 221 241 83.60 77.56 585.23 542.90 
Week 19 207 232 74.89 77.58 524.22 543.05 
Week 20 187 219 97.46 81.85 682.22 572.95 
Mean 79.87 76.33 559.11 534.32 

 
Average Weekly Body Weight during Growers Stages (12 To 20 Weeks) 

 
The average weekly total body weight (g/bird/week), weight gain (g/bird/week) and Mortality 
(%)/week of dual purpose breed (Koekoek) during growers’ stage for female and male are 
870.94, 1103.96, 99.22, 132.73, 3.41 and 2.98 respectively but when we compare our findings 
within (South Africa ARC- Animal Production Institute, 2002) findings there is a difference in 
average body weight for example at 16 and 20 weeks of age female and male are  784.59 and 
1399.09 but in South Africa at the same week of age female and male are 1400 and 1840.   
 
Table 4: Average body weight (g/bird/week), weight gain (g/bird/week) and Mortality 
(%)/week of dual purpose breed (Koekoek) during the grower stages (9 to 20 weeks) 

 
 
Week 

 
No of birds 

Average weekly weight 
(g/b/week) 

Average weekly weight 
gain/b/wk 
(g/bird/week) 

Mortality 
(%/week) 

 F M F M F M F M 
Week 12 261 286 605.32 638.87 85.78 91 0.00 0.00 
Week 13 240 277 691.10 729.87 61.13 52.24 8.75 2.89 
Week 14 238 268 752.23 782.11 -138.13 163.88 0.84 3.36 
Week 15 235 261 614.10 945.99 170.49 132.1 2.13 2.68 
Week 16 235 259 784.59 1078.09 97.56 89.29 0.00 0.77 
Week 17 234 252 882.15 1167.38 18.62 135.26 0.43 2.78 
Week 18 221 241 900.77 1302.64 308.35 287.34 5.88 4.56 
Week 19 207 232 1209.12 1589.98 189.97 110.73 1.93 3.88 
Week 20 187 219 1399.09 1700.71 - - 10.70 5.94 
Mean 870.94 1103.96 99.22 132.73 3.41 2.98 
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The Average Feed Intake during the Later Stages (27 To 45 Weeks) 
 

The average feed intake of dual purpose breed (Koekoek) during the layer stages in 
(g/bird/day) and (g/b/week) for female were 122.68 and 858.73 respectively.  According to the 
report of Ernest (1996) the amount of feed that is to be consumed / bird / day was various 
because the feed intake largely depends on factors like feed quality, palatability, climates, 
housing systems, health, management and other. 

 

 
 

Figure1: Average feed intake (g/bird/day) and (g/bird/week) of dual purpose breed (Koekoek) 
during the layers stages (27 to 45 weeks) 

 
Average Body Weight during the Layer Stages (27 To 45 Weeks) 

 
The average weekly total body weight (g/bird/week), weight gain (g/bird/week) and Mortality 
(%)/week of dual purpose breed (Koekoek) during layer stage (27 to 45 weeks) for female and 
male 1872.84, 2652.59, 7.36, 53.10, 0.46, 0.41 and 0.0 respectively.   

 

 
 

Figure 2: Average body weight (g/bird/week), weight gain (g/bird/week) and Mortality 
(%)/week of dual purpose breed (Koekoek) during the layers stages (27 to 45 weeks) 
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Average Egg Production during the Later Stages (27 To 45 Weeks) 
 

Average weekly egg production/week in percentages of dual purpose breed (Koekoek) during 
layer stage (27 to 45 weeks) is expressed below. The average egg production /week in 
percentages are from 56.97% to 63.73% during the layer stages of (27 to 45 weeks) when we 
compare our finding with the South African (ARC- Animal Production Institute, 2010) egg 
productions in percentage are 60.35 and 61.09 respectively this is the good news for our 
country.  
 

External Egg Quality Measurements 
 

The average egg shape, egg shell color, shell thickness, Average egg weight of dual purpose 
breed (Koekoek) are oval, brown, 0.35 and 51.9gm respectively but the average egg weight of 
this breed in South Africa is 55.7gm (South Africa ARC- Animal Production Institute, 2010).   

 
Internal Egg Quality Measurements 

 
The average albumen weight, yolk weight, yolk color, and yolk/albumen ratio of dual purpose 
breed (Koekoek) are 28.13gm, 14.46gm, 3 and 57.61respectively.   

 
Reproductive Parameters 

 
The dual purpose breeds (Koekoek) are good in fertility (90 %) and hatchability (78 %) and 
also they start to lay egg at 21st weeks of age that is comparable to the standard breed 20 weeks 
of age (South Africa ARC- Animal Production Institute, 2010).  
 

Conclusion and Recommendations 
 

Based on the data collected analysis, the results are comparable with their breed manuals 
(standards)so we can say that the dual purpose breeds are adapting the D/Zeit Agri. research 
Station without any problems and we can recommend for our beneficiaries (Small scale 
farmers, Researchers and others) to import and to use it without any problems.   
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Enhancing the Genetic Basis of the Commercial Layer Industry through Introduction 
and Evaluation of Parent Stock 

 
Dawud Ibrahim, Wondmeneh Esatu, Meskerem Adamu, Alemayehu Amare and Tadios Habte 

Debre Zeit Agricultural Research Center, P.O.Box 32, Debre Zeit, Ethiopia 
 

Abstract 
 

A commercial Lohmann Silver layer parents stocks was introduced and evaluated at of 
Debre Zeit Agricultural Research Center. The birds were a day old ages when the 
experiment was started. The experiment was conducted for fifty two weeks of period 
2001/2002 E.C. The management and data on the performance of the chickens was divided 
in to three parts (0 to 8, 9 to 20, 21 to 52 weeks of age). The chicks were kept in open house. 
It was concrete floor with teff straw at a thickness of 15cm. The feed for the chicks were 
formulated at Debre Zeit Agricultural Research Center. The average feed intake of these 
birds during starter phase(0 to 8 weeks) in (g/bird/day) and (g/b/week) for female and 
male are 22.9, 35.1, 159.8 and 245.4 respectively and their average weekly total body weight 
(g/bird/week), weight gain (g/bird/week), FCR and Mortality (%)/week for female and 
male are 176.0, 273.1, 34.4, 48.2, 0.9, 0.97, 0.95 and 0.4 respectively. The average feed intake 
of this breed during the growers’ stages (9 to 20 weeks) in (g/bird/day) and (g/b/week) for 
female and male are 57.57, 79.75, 386.91 and 558.37 respectively.  Their feed consumption 
from 1st – 20th weeks of age is by half less than (3.242kg) than that of their manuals 
(standards) (7.6 -7.9kg) and their average weekly total body weight (g/bird/week), weight 
gain (g/bird/week), FCR and Mortality (%)/week for female and male are 653.6, 914.7, 52.3, 
69.7, 0.6, 0.7, 0.5 and 0.6 respectively. The average body weight at the 20th weeks of age is 
less than (0.656kg) than that of their manuals (standards) (1.6 -1.75kg). The average feed 
intake during the laying stages (21 to 52 weeks) in (g/bird/day) and (g/b/week) for female 
and female together are 103.93 and 727.5 respectively and their average weekly total body 
weight (g/bird/week), weight gain (g/bird/week) and Mortality (%)/week for female and 
male are 1411.8, 2348, 21.43, 42.46, 0.5, and 0.2 respectively. The average egg production 
/week in percentages are from 40% to 56% during the layer stages this is due to the 
prolapsed problems of the breeds but these results are much lower than that of the 
manuals or standards (91% to 93%). And their average egg shape and egg shell colours are 
oval, brown and deep brown but it differ from that of their manuals or standards (uniform 
brown), shell thickness and Average Egg weight are 0.45 and 52.9gm respectively again 
their average egg weight is differ than that of their manuals or standards (61.5 -62.5gm).The 
average albumen weight, yolk weight, yolk color, and yolk/albumen ratio are 33.13gm, 
13.46gm, 1 and 45.61 respectively. This breed is good in fertility (70 %) and but its 
hatchability percentage is (65%) and finally what we found the good thing is that they start 
to lay egg at 21st weeks of age that is comparable to the standard breeds and finally the 
national poultry research case team concluded that is the Lohmann Silver’s performance in 
our farm is not good.         

 
Key words: Layer, Parent Stock, Lohmann Silver, Fertility and Hatchability 
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Introduction 
 

Chicken play an important role in human nutrition, national income, employment and income 
generation in developing countries (Mahbubur, 2003). The sector in Ethiopia shows a clear 
distinction between traditional, low input systems on the one hand and improved production 
systems using relatively advanced technology on the other hand (Alemu, Y. and Tadele, D. 
(1997).The system is characterized by its low input and a corresponding low output (Tadele 
and Peter.2003). 
 
The expansion of the commercial production is almost walking on its knee as the emerging 
farmers can only function if and only if they are able to get chickens from these few farms. 
Research systems yet not evaluate and identify the right sources of productive parent as well as 
commercial layer breeds, considering Ethiopian situation. On the other hand, the Bovan breed 
which is widely imported by private farms was not scientifically compared with other breeds, 
and that might why small scale farmers operating in and around Debre Zeit, always 
complaining about the productivity of commercial layer breeds which is very lower than 
breeders’ suggestion. Moreover, poultry producers have been facing with problem of raising 
prices of day-old chicks from time to time. The promising poultry technologies may include 
health package, feed package, and other facilities. Moreover, most except some researches were 
piecemeal approach, mainly focusing on importing dual purpose breeds; crossing different 
breeds, etc resulted in lacking behind of delivering promising poultry technology packages and 
best performing layer breeds at hand.  
 
The informal and formal information found through the scaling up work conducted and other 
meetings with the poultry producers witnessed the significance of looking for mechanisms to 
enhance poultry productivity and evaluate poultry promising technologies under farmers’ 
management through National-Project-Research. Basically, the project was identified and 
prioritized from the viewpoint of customers’ need for enhancement of poultry productivity and 
evaluating poultry promising technology packages under their managements. Therefore if we 
have to see any further progress in the growing poultry industry of the country, it was crucial 
to import, evaluate at research and on-farm condition and avail an alternative layer breed. And 
Poultry technologies which can help speed up the development of poultry industry like 
feeding, management etc should be evaluated and good ones should be selected for release.  .  
 

Objectives(s) 
 

 To enhance genetic base of commercial poultry industry through introduction of 
commercial layer breeds. 

 To evaluate promising poultry technologies on-station  
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Methodology 
 

Technical Discussion 
 

One layer parent line breed from AI free countries listed by MoARD was imported up on their 
permission. This breed was from the leading companies very well known in poultry industry. 
The first 72 hours in the life of chicken is very critical. Therefore necessary precautions were 
taken in order to guarantee their future performance. The breeders’ manual was therefore 
strictly followed in this regard.  
 
The management of the chickens was divided in to three parts (0 to 8, 9 to 20, 21 to 52 weeks of 
age). The chicks were kept in open house. It was concrete floor with teff straw at a thickness of 
15cm. The chicks were housed at a recommended stocking density. Standard lighting program 
by the breeders’ was also applied.  The feed for the chicks were formulated at DZARC. All the 
necessary inputs were purchased and formulated to contain the recommended nutritive value 
using the Feed win computer software. Feeders and drinkers were placed in the house 
according to the recommendations of the breeders. 
 
 The vaccination plan of the breeders were taken and made to reconcile with the strategy 
under our condition. Vaccines which the parent stock has been given were imported with the 
animals and also the hygienic procedures were employed. When the growers are about to start 
lying (usually at the age of week 18), individual nest was provided to them at a ratio of 1 nest to 
7 layers.  
 
All the required data to be collected were, the average feed intake (g/bird/day) and 
(g/bird/week), growth rate (group) (g/b/day) and (g/bird/week), FCR, mortality in %/week, 
average egg production (bird/week in %), the external (Egg shape, Egg shell color, Shell 
thickness, Average Egg weight) and internal (Albumen weight, Yolk weight, Yolk color, 
Yolk/Albumen Ratio) egg quality measurements, Age at first egg laying, Fertility, Hatchability. 

 
Result and Discussion 

 
The performance of commercial layer (Lohmann Silver) under Debre Zeit Agricultural 
Research centre throughout the experimental periods were expressed as  average feed intake, 
average total body weight, body weight gain, mortality, average egg production, the external 
and internal egg quality measurements, age at first egg laying, fertility, hatchability were 
expressed as follow.  

 
Average Feed Intake during the Starter Phase (0 To 8 Weeks) 

 
The average feed intake of commercial layer (Lohmann Silver) during starter phase in 
(g/bird/day) and (g/b/week) for female and male are 22.9, 35.1, 159.8 and 245.4 respectively 
(Table 1). This average feed intake is not comparable with their standards feed intake of 
Lohmann Silver 31.5 for both female and male.    
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Table 3: Average feed intake (g/bird/day) and (g/bird/week) of Lohmann Silver during starter 
phase (0 to 8 weeks) 

 
Week No of birds Feed intake (g/b/day) feed intake (g/b/wk) 

F M F M F M 
Week 1 1043 143 7.160.05 16.80.06 50.140.17 117.480.08 
Week 2 1040 142 11.960.14 33.30.05 83.75 0.06 233.100.07 
Week 3 1036 141 16.930.81 28.60.04 118.530.03 200.000.06 
Week 4 1032 141 18.800.10 32.30.04 131.590.06 226.240.17 
Week 5 1031 141 20.330.10 40.20.01 142.290.07 281.560.06 
Week 6 1026 141 30.340.18 40.40.13 212.380.06 282.980.06 
Week 7 1026 141 36.610.10 39.80.11 256.240.05 278.720.16 
Week 8 1002 141 40.550.05 49.00.04 283.820.04 343.260.13 
Mean   22.90.19 35.10.07 159.80.05 245.40.10 

 
Average Body Weight during the Starter Phase (0 To 8 Weeks) 

 
The average weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR and 
Mortality (%)/week of Lohmann Silver during starter phase (0 to 8 weeks) for female and male 
are 176.0, 273.1, 34.4, 48.2, 0.9, 0.97, 0.95 and 0.4 respectively (shown in table 2 as below). This 
is not comparable with standards of female and male weekly total body weights (g/bird/week) 
are 348.1 and 433.7 but they are comparable with weight gains (g/bird/week) 34.1 and 33.3. 

 
Table 2: Average body weight (g/bird/week), weight gain (g/bird/week), FCR and Mortality 

(%)/week of Lohmann Silver during starter phase (0 to 8 weeks) 
 

 
Week 

 
No of 
birds 

Average weekly weight 
(g/b/week) 

Average weekly weight 
gain/b/wk 
(g/bird/week) 

 
FCR 

Mortality 
(%/week) 

F M F M F M F M F M 
Week 
1 

1043 143 58.890.12 85.080.12 0.000.00 0.00.00 0.850.03  3.5 1 

Week 
2 

1040 142 111.280.16 152.400.17 52.390.19 67.30.07 0.750.03 1.530.00 0.3 1 

Week 
3 

1036 141 90.210.19 337.100.12 -21.070.04 184.70.18 1.310.03 0.590.05 0.4 1 

Week 
4 

1032 141 121.240.24 187.600.12 31.030.28 -149.50.11 1.090.04 1.210.09 0.4 0 

Week 
5 

1031 141 169.390.20 250.100.10 48.150.10 62.50.17 0.840.05 1.130.22 0.1 0 

Week 
6 

1026 141 234.350.09 321.600.14 64.960.12 71.50.24 0.910.06 0.880.10 0.5 0 

Week 
7 

1026 141 288.500.22 379.900.13 54.150.27 58.30.17 0.890.07 0.730.07 0.0 0 

Week 
8 

1002 141 334.390.14 470.900.72 45.890.09 91.00.41 0.850.04 0.730.17 2.4 0 

Mean   176.00.17 273.10.20 34.40.14 48.20.17 0.90.04 0.970.19 0.95 0.4 
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Average feed intake during the growers stages (9 to 20 weeks) 
 
The average feed intake of commercial layer (Lohmann Silver) during the growers’ stages in 
(g/bird/day) and (g/b/week) for female and male are 57.57, 79.75, 386.91 and 558.37 
respectively.  Their feed consumption from 1st – 20th weeks of age is by half less than (3.242kg) 
than that of their manuals (standards) (7.6 -7.9kg) (shown in table 3 as below).  .  
 

Table 3: Average feed intake (g/bird/day) and (g/bird/week) of Lohmann Silver during the 
growers stages (9 to 20 weeks) 

 
Week No of birds Feed intake (g/b/day) Feed intake (g/b/wk) 

F M F M F M 
Week 9 1001 141 33.90.08 55.70.12 283.80.05 389.90.14 
Week 10 1001 141 43.50.03 58.40.35 237.40.06 408.510.10 
Week 11 1000 141 46.60.03 64.60.07 304.80.05 452.480.03 
Week 12 998 139 51.60.05 68.30.07 326.50.06 478.370.07 
Week 13 998 139 54.70.10 74.30.07 360.90.06 520.140.10 
Week 14 997 139 54.90.08 73.00.10 382.90.05 511.310.11 
Week 15 974 136 56.80.05 73.00.16 384.10.05 511.030.10 
Week 16 970 136 57.70.02 73.50.05 397.40.06 514.710.13 
Week 17 963 136 64.10.05 79.80.13 403.50.11 558.820.09 
Week 18 954 136 80.90.04 90.50.10 449.00.09 633.820.09 
Week 19 932 134 78.00.13 79.20.11 566.60.07 544.030.09 
Week 20 932 134 68.10.06 77.70.11 546.00.19 544.030.10 
Mean   57.570.06 79.750.12 386.910.07 558.370.10 

 
Average Weekly Body Weight during the Growers Stages (9 To 20 Weeks) 

 
The average weekly total body weight (g/bird/week), weight gain (g/bird/week), FCR and 
Mortality (%)/week of Lohmann Silver during growers’ stage (9 to 20 weeks) for female and 
male 653.6, 914.7, 52.3, 69.7, 0.6, 0.7, 0.5 and 0.6 respectively (Table 4).  Their average body 
weight at the 20th weeks of age is less than (0.656kg) than that of the manuals (standards) (1.6 -
1.75kg).    
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Table 4. Average body weight (g/bird/week), weight gain (g/bird/week), FCR and Mortality 
 (%)/week of Lohmann Silver during the grower stages (9 to 20 weeks) 
 
 
Week 

 
No of 
birds 

Average weekly weight 
(g/b/week) 

Average weekly weight 
gain/b/wk 
(g/bird/week) 

 
FCR 

Mortality 
(%/week) 

 F M F M F M F M F M 
Week 
9 

1001 141 361.80.18 492.50.52 27.40.37 21.60.31 0.660.08 2.060.07 0.0 0 

Week 
10 

1001 141 544.80.11 551.00.83 183.00.20 58.50.43 0.560.11 0.740.08 0.0 0 

Week 
11 

1000 141 459.70.26 631.20.68 -85.00.70 80.20.41 0.710.12 0.720.05 0.1 0 

Week 
12 

998 139 515.40.32 726.60.37 55.70.41 95.40.38 0.700.14 0.660.03 0.2 2 

Week 
13 

998 139 574.00.69 848.00.33 58.70.35 121.40.23 0.670.22 0.610.06 0.0 0 

Week 
14 

997 139 576.70.45 865.90.87 2.60.13 17.90.57 0.670.19 0.590.03 0.1 1 

Week 
15 

974 136 666.30.82 933.50.39 89.70.32 67.60.44 0.600.20 0.550.02 2.4 2 

Week 
16 

970 136 660.10.95 987.50.77 -6.20.28 54.00.55 0.610.18 0.520.04 0.5 0 

Week 
17 

963 136 741.70.55 1072.00.49 81.60.31 84.50.39 0.610.22 0.520.04 0.8 0 

Week 
18 

954 136 862.00.51 1286.000.23 120.300.40 214.00.60 0.660.22 0.490.02 0.3 0 

Week 
19 

932 134 918.60.45 1275.000.94 56.600.31 -11.00.32 0.590.26 0.430.04 1.2 2 

Week 
20 

932 134 962.00.68 1307.000.70 43.400.33 32.00.63 0.500.25 0.420.04 0.6 0 

Mean    653.60.51 914.70.59 52.30.34 69.70.44 0.60.18 0.70.04 0.5 0.6 
 

The Average Feed Intake during the Laying Stages (21 To 52 Weeks) 
 

The average feed intake of commercial layer (Lohmann Silver) during the laying stages in 
(g/bird/day) and (g/b/week) for female 103.93 and 727.5 respectively (shown in figure 1 as 
below).  According to the report of Ernest (1996) the amount of feed that is to be consumed / 
bird / day was various because the feed intake largely depends on factors like feed quality, 
palatability, climates, housing systems, health, management and other factors so our finding of 
average feed intake in g/b/day and g/b/week of Lohmann Silver may be differ from the 
standard feed intake. 



Animal Breeding and Reproduction 2012 

 

                                                                                                                                                             75 
 

 
 
Figure 2: Average feed intake (g/bird/day) and (g/bird/week) (female & male) of Lohmann 
Silver during the layers stages (21 to 52 weeks) 

 
Average Weekly Body Weight during the Laying Stages (21 To 52 Weeks) 

 
The average weekly total body weight changes (g/bird/week), weight gain (g/bird/week), FCR 
and Mortality (%)/week of Lohmann Silver during layer stage (21 to 52 weeks) for female and 
male 1411.8, 2348, 21.43, 42.46, 0.5, and 0.2 respectively (Figure 2).   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Average body weight (g/bird/week), weight gain (g/bird/week) (female & male) of 
Lohmann Silver during the layers stages (21 to 52 weeks) 
 

Average Egg Production During The Laying Stages (21 To 52 Weeks). 
 
The average egg production /week in percentages are from 40% to 56% during the laying 
stages of (21 to 52 weeks) this is due to the prolapsed problems of the breeds but this results are 
much lower than that of the manuals or standards (91 -93%). 
 

External Egg Quality Measurements 
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The average egg shape, egg shell color, shell thickness, Av.Egg weight of commercial layer 
(Lohmann Silver) are oval, brown and deep brown but it differ than that of their manuals or 
standards (uniform brown) , 0.45 and 52.9gm respectively again their average egg weight is 
differ than that of their manuals or standards (61.5 -62.5gm).    
 

Internal Egg Quality Measurements 
 
The average albumen weight, yolk weight, yolk color, and yolk/albumen ratio of commercial 
layer (Lohmann Silver) are 33.13gm, 13.46gm, 1 and 45.61respectively.   
 

Reproductive Parameters 
 

Age at first egg laying, Fertility, Hatchability 
 
The commercial layers (Lohmann Silver) are good in fertility (70 %) and hatchability (65%) 
and also they start to lay egg at 21st weeks of age that is comparable to the standard breeds.  
 

Conclusion and Recommendations 
 
Based on the data collected analysis, the results are comparable with the breed manuals 
(standards) so we can say that the layer parent stock (Lohmann Silver) are adapted under 
D/Zeit Agri. research Station but there is a problems of prolapsed and large egg size since we 
were expecting small egg size and also they need special management otherwise the mortality 
maybe high. And finally we can recommend for our beneficiaries (Small scale farmers, large 
scale commercial farmers, Agro-processors, Exporters, Researchers and others) to import and 
to use it as an alternative layer parent stock with the consideration of above problems.     
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Abstract 
 

Study on the fertility performance of 15 Horro-Friesian (HF) dairy bulls was conducted at 
Bako agricultural research centre for eight months. The bulls were born in the centre and 
maintained under similar and ideal managemental conditions. The age of the bulls ranged 
between 2 to 6 years and grouped into two (2 to 4 and 4.1 to 6 years) to examine the effect 
of different age groups on their fertility performances. The study year was classified into 
two seasons, viz Season I (July- October) and Season II (December- March) on the basis of 
rainfall pattern and feed availability. Semen ejaculates (92) were collected once per month 
from 15 bulls for eight months using artificial vagina (AV) method. Collected semen was 
subjected to evaluation by standard method of visual inspection and microscopic 
examination. Data on semen quality parameters and body size measurements were 
analysed by General Linear Model procedure (SAS, 1999) using fixed effect model. Pair wise 
correlation analysis was made to assess the associations among seminal characteristics, 
body measurements, age and body weight of the bulls. Results of the study showed that 
seasonal differences in the ejaculate volume, colour and consistency of the semen. Pair wise 
correlation analysis revealed that physical traits proportionally increased with age: body 
weight(r=0.846), height at girth(r=0.731) and height at wither(r=0.698), had the highest 
correlation coefficients, where as body length(r=0.593), had lower correlations.  This study 
also suggests that the body measurements at different age for HF dairy bulls is an indirect 
measurements of  semen quality, which can be used as a base line data to select breeding 
bull of HF dairy bull for AI or natural mating. 

 
Keywords: Age, Seminal Characteristics, Body Size Measurement, Season, Horro-Friesian Dairy 
Bulls 

Introduction 
 

There is a popular saying that 'bull is half the herd'. But under breeding practices of artificial 
insemination/frozen semen technology, highly selected bulls are contributing their genes to 
larger and larger population of females. Thus the few bulls are determining the reproductive 
and productive performance as well as the fertility status of the next generation. Males are 
usually selected using dam's yield and pedigree as the selection criteria.  In addition certain 
semen parameters such as volume, total count and motility are used for selecting the semen for 
AI.  Different factors affect the seminal attributes of a bull among others age and season of 
collection is repeatedly mentioned in the literature.  There are different views on the effects of 
season and temperature on the semen quality and fertility of a bull. Studies conducted 
elsewhere (Juinudeen and Hafez, 2000; Sekoni et al., 1988; Sane et al., 1982) showed seasonal 
differences in sperm quality and fertilizing ability of bulls. Working on tropical Sahiwal and 
Horro bulls, Ulfina (2002) and Ulfina et al., (2005) also reported the influence of season and 
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age on semen quality of breeding bulls. In contrary no change in semen production or fertility 
was recorded to varying conditions of the year (Sane et al., 1982; Usmani et al., 1993). On top of 
that, a body size measurement was also reported to have positive association with fertility of a 
breeding bull. Although varies with breed and age of the bulls. Information about semen 
parameters of Horro-Friesian dairy bulls at different age and season of the year is scanty. 
Therefore, the current study was initiated to evaluate semen pursuits of Horro-Friesian cross-
bred dairy bulls at different age and period of the year. 
 

Materials and Methods 
 

Study Site 
 

The study was conducted at Bako agricultural research centre from July 2005 to March 2006. 
The farm is situated at 1650 m above sea level (09° 06´ N and 37° 09´ E) and located about 258 
km west of Addis Ababa on the main road to Nekemt. Bako has a hot and humid climate and 
receives a mean annual rainfall of about 1219 mm, more than 80 % relative humidity of which is 
recorded in the months of May to September. Mean monthly maximum and minimum 
temperatures are about 28°C and 14°C, respectively, with 21°C of average temperature. Potential 
evapo-transpiration averages 62 mm per month. 

 
Study Animals and Management 

 
Fifteen Horro-Friesian crossbred dairy bulls aged between 2 and 6 years were assigned for 
fertility study. The bulls were born in the centre and maintained under similar managemental 
conditions. The bulls were allowed to graze during day time (9:00AM-5:00PM) when green 
forage was relatively abundant in the field but they were also kept indoor feeding on silage or 
hay during dearth period of the year. In both cases all the bulls were supplemented with 2 
kg/head/day of concentrate in individual feeding pen during night. The dominant grass species 
include hyperheniya (Hyperhenia anamesa) and sporobolus (Sporobolus praminidals) grass and 
the legumes Neonotonia (Neonotonia weights).  

 
Body Size Measurements 

 
During the experimental period, the body size (body length, body girth and wither) 
measurements and body weight were taken monthly.  Girth, length, and wither of the body 
were measured with flexible cloth tap in centimetres. 

 
Libido: is readiness and eagerness of male animal to mount and attempts service on the 
female. Libido score card (0-5) as developed by Chenoweth (1996) was used to identify the 
willingness of the bulls during the data collection. On average 5 minutes of reaction time were 
allowed for all bulls.  
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The libido scoring system was: 
      0 – No sexual interest within 5 minutes 

1–Some interest but no attempt to mount within 5 minutes 
2–Some interest and attempt to mount once within 5 minutes 

       3 – Mounted once within 5 minutes 
       4 –Mounted more than once but did not complete service within 5 minutes 
       5– Mounted and completed one service within 5 minutes 

 
Semen Collection and Evaluation  

 
Semen samples were collected, from 15 HF dairy bulls, in the morning between 9:00-10:30 am 
by using estrus cow. After a preliminary period of training the bulls, semen was collected one 
ejaculate per sampling per bull by A.V from the bulls at monthly intervals over a period of 8 
months. The temperature of A.V was maintained at about 45ºć with sufficient pressure and 
lubrication so that it simulates with natural environment of the vagina. Immediately after 
collection, semen volume, semen color and semen motility were examined.  
 
Semen color and consistency: The scoring method of Hafez and Hafez (2000) was used for 
the physical appearance of semen and 1 to 5 scoring was given by judging as clear (watery), 
milky, thin creamy, creamy or thick creamy, respectively. 
Ejaculate volume: The volume of ejaculated semen was read to the nearest 0.1ml directly from 
the graduated collecting tube.  
Mass motility: Mass motility was evaluated as per method described by Tomar et al. (1996). 
Briefly, a drop of thick layer of neat semen was placed on clean warm (37°C) slide and 
examined under low power (10X) objective microscope. Normal bull semen exhibits a wave like 
motion when viewed in reflected light. On the basis of swirling current, semen was rated into 
eleven categories and numerical grading from 0 to 5 was given accordingly.  

 
5 = very strong progressive dark waves (90% live cells) 
4 = strong progressive undulations (70 to 85% live cells) 
3 = week undulations (50 to 65% live cells) 
2 = very few, weak, non-progressive undulations (30 to 45% live cells) 
1 = no undulations (5 to 25% live cells) 
0 = No movement (all cells dead) 

 
Treatment Groups 

 
Bulls were grouped into two age categories (2 to 4 and 4.1 to 6 years) to examine the effect of 
different age groups on their fertility performances. The year of the study was classified into 
two seasons: viz season I (July- October) and Season II (December- March) on the basis of 
rainfall pattern and feed availability 
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Statistical Analysis and Data Management 
 

The data on different semen characteristics, body weight, and age and body size measurements 
were analyzed by GLM procedure (SAS, 1999) using fixed effect model taking season and age 
group as fixed effects. Pair wise correlation analysis was also made to examine the association 
between age, body weight, body size measurements and the seminal traits considered. 

 
Results and Discussions 

 
Semen Characteristics of Horro-Friesian Dairy Bulls 

 
The overall mean recorded for libido scoring in this study was 4.83±0.07. This value is in 
agreement with reporting Mulugeta (2003) and Ulfina et al., (2005) for Horro bulls. But the 
value was higher than the libido score reported for Indian Karan Fries dairy bulls (Ulfina et al., 
2003).  Analysis of variance and least squares means showed no significant differences in 
seasons and age groups.   The non significant differences in libido across all the seasons in the 
current study might be attributed to the similar management being provided for the bulls. 
Though not significant the general trend was that the younger bulls (4.9± 0.07) tend to have 
higher libido than the older (4.80± 0.07). Pair wise correlation analysis also revealed the 
decrease in libido with the advance of age and negatively correlated with body size 
measurements (length, wither and girth) (Table 3).  In agreement with, Ulfina et al., (2005) also 
reported higher libido score for younger Horro bulls. Least squares means revealed seasonal 
differences in semen color of HF crossbred dairy bulls (Tables 1).  Though the bulls in younger 
age group were found to produce denser semen (2.8±0.13) than the older (2.7±0.18) 
counterpart, the differences did not reach statistically significant level. The overall mean of 
semen color was 2.9± 0.12. Working on Horro bulls (3.53±0.22), Ulfina et al., (2005) observed 
similar results. Semen color was significantly (P <0.05) and negatively correlated to body size 
measurement (Table 3).       
 
The overall mean ejaculate volume found in this study was 4.13 ± 0.20 ml. The range was 
between 1 -11.0 ml. Similar reports was available for Horro bulls (4.23±0.12ml) (Ulfina et al., 
2005) and Karan Fries (KF) (4.43±1.82 ml) crossbred dairy bulls (Ulfina et al. 2003), but lower 
than the current values were reported for Indian Sahiwal bulls (3.59±1.4 ml) (Ulfina et al., 
2003). Higher values were reported by Nazir et al. (1987) for Sahiwal bulls (5.46 ml). The 
analysis of variance was shown (Tables 1) of ejaculate volume revealed that there was 
significant (P<0.01) effect of season of collection and non significant effect age group (Table 1). 
Ulfina et al., (2003 and 2005) also observed different trend in Indian dairy of Sahiwal (3.20±0.24 
and 3.96 ±0.16ml) and KF (3.995±0.23 and 4.75±0.16ml) and indigenous Horro bulls (3.66±0.24 
and 4.87±0.26ml) for younger and older bulls, respectively.  Similarly, the mean value recorded 
for season II (December- March) was significantly (p < 0.01) higher than those season I (July- 
October) (Table1). This was might be attributed to higher environmental temperature (30.6°C) 
as all management conditions were maintained constant in all the season. In contrary to this 
study, Mulugeta (2003) and Ulfina et al. (2005) did not found seasonal differences in ejaculate 
volume. This result also indicated that semen volume was positively correlated with body 
length, height at wither and height at girth (Table 3). The overall mean scaling of mass activity 
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was 4.30 ± 0.12 (Table 1).  The present value was similar to the value (4.01± 0.11) reported by 
Ulfina et al., (2005) on Horro bulls. But several workers (Mathur et al., 2002; Shanmugavel and 
Singh, 2002; Ulfina et al., 2003) reported lower mass activity for Indian Sahiwal (2.31±0.94) and 
KF (1.87 ±0.91) crossbred bulls. Statistical analysis showed that season of the year not affects 
semen motility but differences (P <0.05) in age group of HF dairy bulls (Table 1). This is at par 
with the reports by Rao and Rao (1978) and Ulfina et al., (2003) in which both age and season 
found to significantly influence mass motility in Indian Sahiwal and Horro bulls. Though 
significant it was observed that younger bulls (3.4±0.13) tend to have lower sperm motility than 
the older (4.3±0.13) group. In contrary, Habtamu et al. (2006) on similar breeds semen motility 
were positively correlated with body length and height at wither and negative correlation with 
height at birth (Table 3).  
 
Table 1: Least square means ±SE of seminal attributes by age groups and seasons of Horro -
Friesian dairy bulls 
 
Effect Semen volume (ml Semen colour 

and consistency 
Mass motility Libido 

Overall 
mean 

4.13±0.20 2.9±0.12 4.3±0.12 4.8±0.045 
 

Season 
1  
 
2  
 

* * NS NS 
3.9 ±0.24 a 
 

3.1± 0.13a 
 

4.2 ± 0.13 
 

4.9± 0.07 
 

5.2± 0.32 b 2.3 ± 0.18b 4.4± 0.20 4.8±0.07 

Age 
1 
 
2 

NS NS * NS 
4.3± 0.3 

 
2.8± 0.13 
 

3.4± 0.13 4.9± 0.07 
 

4.8± 0.30 2.7± 0.12 4.3± 0.13 4.80±0.06 
*significant at p<0.05 & NS = non significant   

 
Body Size Measurements of Horro-Friesian Dairy Bulls 

 
Least squares means of body length, height at girth and height at wither were given in Table 3. 
The ranges of body length, height at girth, height at wither and body weight were 86-133 cm, 
106-186 cm, 100-138 cm and 221-472 kg, respectively. There were 6.7% of bulls culled due to 
poor fertility as judged from semen qualities considered. It was believed that more number of 
bulls could have been culled provided that all possible semen quality traits had been included 
in the current study. Carson and Wenzel (1997) reported 52.1% and 12.5% rejection of Bos 
Taurus bulls due to high number of abnormal sperm, respectively. Physical traits 
proportionally increased (P < 0.01) with age: body weight (r=0.846), height at girth (r=0.731) 
and height at wither (r=0.698), had the highest correlation coefficients, where as body length 
(r=0.593), had lower correlations.  Similarly, findings were reported by German et al. (2001). 
The current study revealed that the season of the year were significantly (P <0.01) and 
positively correlated to semen volume (r=0.305), body weight (r=0.208), and body 
length(r=0.276), respectively. Body size measurements were tended to increase with the age of 
the HF dairy bulls (Table 2). The trend of the increase in body measurements (HG, HW and 
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LB) was evident with increasing age of the bulls. Similar findings on Keran-Friesian (KF) and 
Indian Shawial were reported by ulfina (2002).Many factors, such as breed, age, season and 
body mass influence body size measurements.  The average measurements of body length, 
height at girth and height at wither at the puberty age was found to be 111±1.1cm, 161±1.3 cm and 
121±0.86 cm for HF dairy bulls. Perusal of the table showed significant (P <0.05) differences 
across season and age groups for the trait considered. Similar result reported for post pubertal 
Borana and Borana-Friesian bulls Tegegne et al., (1994) revealed that significant interaction 
effect between season, and most semen characteristics. 
 
Pair wise correlation analysis showed highly positive significant association between body size 
measurements (Table3). Similar reports were available on Karan Fries breeds (Ulfina, 2002). 
Works conducted in American Breeder Service indicated that as much as 80-90% of the 
improvement made in a breeding comes through proper bull selection (Wisconsin, 1983). Due 
to the positive association of body size measurement (HG, BL and HW) with age, semen 
volume and semen motility, body measurement might also be a useful traits to select bulls for 
higher fertility. More over it was evidenced that like testicular measurements, body 
measurements is the most easily obtainable measure of a bull's ability to produce adequate 
volume semen and it represents a reliable indicator of age to puberty and it is also indirectly 
related to semen quality. 

 
Table: 2 least square means ± SE of body size measurements and live weight of HF bulls at 
different season and age groups. 

 
Effect Body length(cm) Height at 

girth(cm) 
Height at 
wither(cm) 

Live weight (kg) 

N  105 105 105 105 
Overall mean 111±1.1 161±1.3 121±0.86 326±6.7 
Season 
1  
2  
 

* NS NS * 
108± 1.1 160± 1.2 120± 0.8 310± 4 
115± 1.3 161±1.4 121±0.9 339±5 

Age 
1 
2 

** * * ** 
105±1.3 121±1.3 114±0.9 267±4 
118±1.2 170±1.3 127±0.8 382±4 

CV % 7.8 5.6 5.2 10 
R-square 0.43 0.53 0.50 0.75 

* =p<0.05; ** = p<0.001; Ns= non signifiant                                       
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Table: 3 Relationships of Semen characteristics and body measurements traits in Horro- 
Friesian dairy bulls 

 
 AG SS SV SCO SM LW LB HG BL HW 

AG   .147 -.075 -.131 .846** -.050 .731** .593** .698** 
SS   .306** -.311** .097 .208* -.034 .011 .276** .095 
SV    .078 .270* .160 -.034 .076 .190 .111 

SCO     .534** -.174 .074 -.216* -.229* -.141 
SM      -.063 .136 -.032 .129 .129 
LW       -.099 .736** .699** .767** 
LB        -.109 -.001 -.020 
HG         .665** .738** 
BL          .814** 

HW           
** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level  
Ag - Age, SV- Semen volume, Sco - Semen colour, SM - Semen motility, Lw - Live weight and      
Lb – Libido, BL- Body length, HG- Height at girth, HW – Height at wither 

 
Conclusions 

 
The study revealed that younger bulls were found to have better semen colour and consistency, 
semen motility and libido than older bulls. The study also showed the importance of seasons in 
semen collection for AI/frozen semen technology. The study also shows the significant 
contribution of body measurements in judging the fertility status of bulls and its implication in 
selection and evaluation process. Therefore it is of the essence to include semen qualities 
parameters and body measurements in evaluation and selection of dairy bulls for breeding. It 
was also found that the body measurements at different age for HF dairy bulls is an indirect 
measurement of  semen quality which can be used as a base line data to select breeding bull of 
HF dairy bull for AI or natural mating. 
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Enhancing the Productivity and Profitability of Crossbred and Local Cows in Urban and 
Peri Urban Centers of Bako and Nekemt 

 
Gizaw Kebede,  Habtamu Abera,  Sisay Eshetu, Tesfaye Mediksa, Tegegn Gudeta  and Birhanu 

Seboka 

Bako Agricultural Research Center, P.o.Box 3, Bako, Ethiopia 
 

Abstract 
 

F1crossbred (Horro x Friesian) in-calf in calf heifers were distributed to farmers and urban 
dwellers around Bako, Gimbi and Nekemt to increase and diversify their incomes.  The 
average milk yield per day per cow ranged from 3.5 to 24 litters. This variation is indicative 
of the existence of possibilities to increase milk yield. To increase production and 
productivity thirty three men and women male and female urban and per urban dwellers 
were selected from Bako and Nekemt. Producers and development workers were given 
training on feed resource utilization, establishing forage crops, reproductive management 
and major diseases of dairy cattle. Adaptable species of forages were established on 
farmers’ field. Periodical visits of farms were made by members of the dairy team for 
guidance and data collection. The average daily milk yields of crossbred and local cows 
(Horro) at Bako were 7.68 and 1.56 (n=15) litres respectively. Similarly in the peri-urban 
areas of Nekemt, mean milk yields were 9.4 and 4.3 litres (n=4) for crossbred and local 
(Horro) cows respectively, very few farmers kept local animals whereas in Nekemt town no 
producer kept the indigenous cows. The average level of production of the crosses in the 
town was 11.81 litres. The net returns (Ethiopian Birr) per crossbred cow per month for 
small-scale producers around Bako and Nekemt were Birr 1346.20 and 1406.46 respectively. 
Furthermore for every Birr spent there were returns of Birr 5.52 and 5.63 respectively. In 
addition to these economic gains, dairy producers got incomes from the sale of male 
animals produced from crossbred cows and in some cases from the sale of crossbred 
cows/heifers. The incomes obtained from dairy production were utilized for household 
expenditure, savings in the bank, expenses of children for school and other social expenses. 
Adoption of market oriented dairy production technology would significantly increase per 
capital income and income effect extends positively to expenditure and nutrient 
consumption. 

 
       Key words: Cows, Productivity, Profitability 

 
Introduction 

 
Cattle are the main source of milk even though they are mainly kept as a source of draught 
power in the mixed farming zones of Ethiopia. The type of cattle kept in western Oromia are 
mainly Horro whose average daily milk yield was reported to be 2.41 kg under relatively 
improved management conditions (Mulugeta et al., 1991) and 0.4-0.8 liter under farmers 
conditions (Legesse et al., 1987).The genetic potential of these cattle for milk production is also 
considered to be low. Reproductive performance of Horro cow’s particularly calving interval 
was also reported to be long. With the growing population and demand for milk, there is a 
need of introducing new technologies that could satisfy the demands. Identifications of 
genotypes that can produce milk reasonably well under most Ethiopian conditions are 
important. Various works indicated that F1 crosses (native X exotic) produced 3 to 6 times 
more milk than that of local cows (Sendros et al., 1987; Shapiro et al., 1998). Upgrading 
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crossbred cows would result in a decrease in milk yield and longer calving interval if a 
corresponding level of management is not offered. As the level of exotic blood of a local animal 
increases, the level of management required to keep the animal should also be high.  
 
To diversify and increase farmers income F1 crossbred (Horro x Friesian) in-calf heifers were 
distributed to 80 farmers around Bako, Nekemt and Gimbi. These heifers had reported to reach 
more than 300 animals. The levels of milk production of these crossbred animals was found to 
be higher (4 times more) than that of local cows with a range of 3.5 to 24 litres. The demand for 
the crossbred cows is highly increasing in both urban and peri-urban centres where marketing 
of dairy products is promising. But the variations in milk yield and calving interval of cows 
were large which are attributable to the physical environment, management and individual 
variations. The calving interval ideally should be around 12 to 13 months. The calving interval is 
thus closely matched to a yearly production cycle and influences the amount of milk a cow is 
likely to produce in a given period. In dairy technology demonstration work around Bako and 
Nekemt the overall mean calving interval was 15 months with a range of 12 to 24 months. In 
many instances farmers failed to get their cows timely bred. The large variations in milk 
production and calving interval can be minimized by improving the environment and the 
management to which the animals were exposed. Through improved utilization of feed 
resources, efficient heat detection and artificial insemination/breeding and health care, on 
average the milk yield of crossbred and local cows can be increased to 12 and 4 litters/day 
respectively with calving interval of 12 months. Among the major areas of interest to be 
manipulated to increase production and productivity include efficient heat detection 
techniques, artificial insemination/breeding, feeding and health care. With the objectives of to 
attain sustainable livelihoods among small scale farmers, to increase milk production through 
improved management of animals and to increase and diversify the income of small scale 
farmers. 

Material and Methods 
 

Thirty three men and women urban and peri urban dwellers were selected from Bako and 
Nekemt area. These dwellers were from producers who own crossbred cows and previously 
involved in dairy technology transfer project carried out by Bako Agricultural Research Center. 
All producers and development workers from Bako and Nekemt were given training for three 
days on feed resource utilization, establishing forage crops, reproductive management and 
major diseases of dairy cattle. Crossbred cows were timely vaccinated against major diseases 
and treated against internal and external parasites through arrangements made by Bako 
agricultural research centre and agriculture and rural development offices of the respective 
areas. Adaptable species of forages, namely Rhodes grass, elephant grass and leucaena pallida 
were established on farmers’ field. It is from the research centre that the seedlings and cuttings 
were transferred to the farmers’ field. 
 
Periodic visits of farms were made by members of the dairy team to give guidance and collect 
data on milk production, reproduction, feeding and health care. A common marketing centre 
for selling milk is important. This could be organized in the form of co-operative with milk 
delivery shops. Such shops were built at Bako and Nekemt for farmers in the peri urban areas 
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of these towns by Bako agricultural research centre. Market information on dairy products was 
collected twice a year. Information on inputs in milk production was also collected. 
 

Data Analysis 
 
Production data was analysed using descriptive statistics using SAS (1996). Profitability of 
small scale dairy production was calculated using partial budget and marginal rate of return. 

 
Results and Discussion 

 
Milk production 

 
The average daily milk yields of crossbred and local cows (Horro) at Bako were 7.68 and 1.56 
(n=15) litters respectively. Previous reports indicate that the average yield of crossbred cows at 
Bako was 6.52 litters.  Similarly in the peri-urban areas of Nekemt, mean milk yields were 9.4 
and 4.3 litters (n=4) for crossbred and local (Horro) cows respectively, very few farmers kept 
local animals whereas in Nekemt town no producer kept the indigenous cows. The average 
level of production of the crosses in the town was 11.81 litters.  
 

Reproduction 
 
Breeding bull shortage and unsuccessful artificial insemination (repeat breeding) was mainly 
observed around Nekemt. At Bako, there was no problem of breeding cows using AI, as far as 
producers were ready to bring their cows timely to Bako Agricultural Research Center. The 
higher proportion of cows had a yearly calving interval. The calving intervals for crossbred 
cows at Bako and Nekemt were 13.5 months (range 12-21 months) and 13.95 months (range 12-17 
months) respectively.  In two cases, one at Bako and the other at Nekemt, local bulls (Horro) 
were used to breed crossbred cows, which were then discouraged. 
 

Health Care 
 
During the study period no major diseases were observed in the herds at both locations; but 4 
cows died and two of them aborted because of sudden and unexplained reasons. Tick 
infestation was encountered at both areas; acaricides were used to control the infestation.  
 

Feeds and Feeding 
 
The feeding and management were satisfactory in and around Nekemt. The feed utilized 
included elephant grass, Rhodes grass, noug cake, ground maize, hay, straw, oats/barely, grain 
hulls. At Bako a different and additional feed used, included chopped sugar cane tops and 
leaves. Around Bako there is critical problem of feed particularly during the dry season; despite 
the existence of dairy cooperative, producers are not ready to get organized and purchase 
concentrate feeds and other inputs from elsewhere to facilitate the production process. 
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Economics of Dairy Production 
 
Crossbred milking cows were used to assess the economics of small scale dairy production as 
the local cattle are not suitable for commercial purposes. Partial budget was calculated based 
on average monthly milk production, sales and expenditures for inputs. As it can be seen from 
Table 1 the net returns per animal per month for small-scale producers around Bako and 
Nekemt were 1346.20 and 1406.46 Birr, respectively. Furthermore as given in Table 2, for every 
Birr spent there were returns of Birr 5.52 and 5.63 around Bako and Nekemt respectively.  In 
addition to these economic gains, dairy producers got incomes from the sale of male animals 
produced from crossbred cows and in some cases from the sale of crossbred cows/heifers. 
Producers involved in the dairying had other additional businesses. The incomes obtained 
from dairy production were utilized for household expenditure, savings in the bank, expenses 
of children for school and other social expenses.  
 
Previous  report  by  Gizaw et al. (2008) in the same study site  indicated that through the 
introduction of this improved stock farmers had increased their income level to Birr 650.00 - 
1016.00 Birr per cow per month compared with the income obtained from the sale of milk and 
milk products from a local cow (105 – 170  birr per month). With time farmers became more 
aware of the management of crossbred animals, as a result of which both production and 
benefits increased. Furthermore Gryseels and Anderson (1983) reported that the expected net 
returns of a mature crossbred enterprise on one hectares of forage land in Debrezeit area was 
US$ 437 per year. This net return is closely related to the income and net benefits from dairying 
around Bako and Nekemt, except in the later report every input had a cost which will be 
deducted from the gross returns. In this and previous work family labour and backyard forage 
resources were not included in the expenses.  
 
Table 1. Partial budget, small scale dairy production around Bako and Nekemt 
 

Item Bako Nekemt 
No of cows 10 41 
Operating costs   
         Feed 1603 5288.25 
         Labour 600 3300 
         Drug  235 1647 
Total 2438 10235.25 
Return   
         Average selling price/liter 6.00 6.00 
         Gross return 15900 67900 
         Net return 13462 57664.75 
         Cost/animal 243.80 249.64 

         Gross return/animal/month 1590 1656.10 
          Net return/animal/month 1346.20 1406.46 
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Table 2. Marginality of test, small scale dairy production at Bako and Nekemt 
Location No of 

animals 
Operating 
cost/animal 

Net 
return/animal 

Marginal 
rate of 
return 

Bako 10 243.80 1346.20 5.52 
Nekemt 41 249.64 1406.46 5.63 

 
Social Characteristic of the Producers 

 
The structure of producers around Bako and Nekemt is given in Table 3. The age range of 
producers varies from 26 to 80 years. The number of female headed dairy producers was found 
to be 3 although it may not reflect the real picture of the general on-farm level contributions. 
There were very few households in which the female did not take a large share of the work. The 
level of education clearly contributed to the quality of management offered to the dairy cows, 
with increased level of education better feeding, housing and health care was observed which 
in turn contributed to increased level of milk production. All producers involved in the 
dairying were urban and peri- urban dwellers. Most of the peri-urban dwellers had farming as 
their major occupation. But in the urban centers retired and working civil servants, 
traders/business individuals, dairy producers and a combination of these occupations were 
dominant. 
 
Table 3.  Demographic characteristics of dairy producer at Nekemt and Bako 
Social structure Bako Nekemt 
Age (Years):   
25-35 1 2 
36-46 5 7 
47-57 4 1 
58-68 4 - 
69-79 3 1 
80-90 - 1 
Sex   
Male  15 10 
Female  1  2 
Family size   
1-3 1 2 
4-6 5 3 
7-9 8 3 
10-12 2 2 
Unknown  - 2 
Education Level:   
1-6th grade 3 1 
7-8th grade 1 1 
9-12th grade 5 4 
>12th grade 2 3 
Unknown  5 3 
Occupation    
Farming  3 7 
Farming and trading 2 2 
Trading/Business 5 3 
Civil servant 1 1 
Retired civil servant 1 2 
Unknown  - 1 
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Conclusion and Recommendations 
 

Dairy products, particularly from the improved genotypes supported by relatively better 
management inputs, augment the family income through daily milk sales in the form of fresh 
milk. Adoption of market oriented dairy production technology would significantly increase 
per capital income and income effect extends  
positively to expenditure and nutrient consumption. As far as the background management 
could support these improved stock to express their potential, rearing them is advantageous in 
diversifying and generating incomes. But a way should be designed to satisfy the increasing 
demands of farmers for crossbred cows.  
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Abstract 
 

Borana cattle breeds, indigenous breeds to Borana rangelands have multiple purposes and 
quality attributes that make them special breeds not only to the lowland rangelands but 
also to tropical zone in general. Owing to several factors like recurrent drought, these 
special breeds are at a verge of extinction and their original breeds seemed to be replaced 
by other breeds. The central theme of this paper is to explore Borana pastoralists’ 
indigenous knowledge and systems used to manage and provide custody to Borana cattle 
breeds.  It explores indigenous knowledge used to identify cattle for milk and meat, special 
treatment to sick cattle, lactating cows and calves. It also examines indigenous knowledge 
used to identify cattle diseases and indigenous systems behind cattle disease diagnosis and 
treatment. Due attention was given to explore indigenous gender roles in cattle 
management and indigenous systems used to navigate market information about cattle and 
cattle products. A qualitative research approach with participatory research methods like 
focus group discussions and in-depth interview were used. Results indicated that Borana 
pastoralists have considerate indigenous knowledge and systems that play key roles in 
providing custody to the multipurpose, Borana cattle breeds. The knowledge and systems 
are sound enough in identifying cattle for different purposes like meat and milk 
productions. Furthermore, Borana pastoralists are far excellent in identifying, diagnosing 
and treating cattle diseases, preparing cattle for different values as well as exploring proper 
information about market for cattle and cattle products. The study implies that identifying 
and bringing indigenous knowledge and systems into development agenda along with 
modern technology is a timely approach that intends to provide proper custody to 
indigenous cattle breeds so as to protect them from genetic erosion. 

 
       Keywords: Indigenous Knowledge, Borana Cattle Breeds, Indigenous Cattle 

 
Introduction 

 
Borana rangelands located in southern part of Ethiopia occupy a total landmass of about 
95,000 square kilo meters. The altitude of the rangeland varies between 1600 and 1,000 meters 
above sea level in the northeast and in the extreme south respectively. It is characterized by 
arid and semi arid climatic types.  It has low annual rainfall that ranges between 350 mm and 
900 mm (Kamara, 2000). The rangelands are also characterized by high frequency of drought, 
fast bush encroachment and high population growth (Coppock, 1994; Reda, 2001 & Zelalem, 
2011). 
 
The livelihood of the people depends on livestock rearing with great value to cattle. Heads of 
cattle per household is at a decreasing trend while the total population of cattle is at an 
increasing trend. Variation between heads of cattle per household and total population of 
cattle in the rangeland is mostly resulted from the high population growth rate of the 
rangelands.  Cattle rearing are the main source of the people’s income. Over 90% of Borana 
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pastoralists cash income is derived from livestock sales especially, cattle (Homann, 2004). 
Furthermore, over 90% of the livestock exported for slaughter from Ethiopia come from 
lowland areas, where Borana breeds form the majority (Coppock, 1994). Beyond their economic 
importance, cattle rearing have strong cultural values for Borana pastoralists and having a large 
herd size is a sign of prestige and cultural identity of the people is formed on the husbandry of 
these animals.   
 
There are three major cattle breads identified in the rangelands. These are Borana, Garri and 
Guji breeds. Borana cattle breed has special attributes to adjust to the harsh climate of 
rangelands as well as shortage of pasture and water. Furthermore, they have high fertility, huge 
physic and high potential to tolerate tick. Despite this fact, the existence of original Borana 
breed is at a risk of extinction. The current Borana cattle breed of the rangelands is quite 
different from the Borana cattle breed used to be reared before 10 years ago. The current 
Borana breed is somewhat admixtures of different local breeds (Zander, 2005). 
 
Borana pastoralists have long lived indigenous knowledge and systems used to manage the 
special breeds of Borana cattle for centuries. This study explores Borana pastoralists’ 
indigenous knowledge used to manage and provide custody to Borana cattle breeds.  
 

Conceptual Framework 
 
Borana cattle breeds are commonly found in two adjacent parts of Kenya and Borana 
rangelands of Ethiopia and Borana rangeland is the origin of the breed.  There are three 
subtypes of Borana cattle namely Kenyan, Ethiopian and the Orma Borana. From the three 
subtypes, two of them are found in the Borana rangelands of Ethiopia. The Ethiopian Borana 
subtype is considered to be the original Borana breed. The two subtypes are the traditional 
large-framed Qorti and the smaller Ayuna. Both sub-types have evolved through human 
selection along with adaptation to environmental changes but nowadays animals of both sub-
types can hardly be identified. The Qorti type is what is referred to Ethiopian Borana in 
literature, whereby the smaller Ayuna resembles the Orma Borana (Simianer et al., 2003; 
Hanotte et al., 2000 &Zander, 2005) The same source reveals that the predominant Borana type 
that currently counts for the majority of cattle in the Borana lowlands are of an intermediate 
type between Orma and Ethiopian Borana. 
 
The Borana breed of cattle is one of the most productive indigenous cattle breeds of East Africa 
suitable for production in arid and semi-arid regions of the world. FAO (1992) identified the 
Borana breed to be one of the five tropical cattle breeds that should be given priority for 
further development and conservation (Philipsson, 1992 in Mekonnon, Birgitta & Philipsson, 
2003). 
 
Borana cattle are primarily kept for milk production by the Borana pastoralists, who mostly 
depend on milk for their daily survival. Being living under harsh environmental conditions, 
Borana cows produce adequate milk for their calves and extra milk for human consumption. 
They have great potential for crossbreeding with other breeds. They have as well proven 
potential to be excellent beef animals, especially under commercial ranching conditions 
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(Coppock, 1994 & Mekonnen, et al, 2003).  The present Borana breed is still widely spread 
among the Borana people but these existing types is an admixture and from the phenotypic 
perspective clearly different from the pure Borana breed (Zander, 2005).  
 
As stated under background, original Borana cattle breed is closing to extinction. The present 
cattle in the rangeland are physically smaller and cannot represent the Borana breed used to be 
known in the rangelands (Kejella, 2005).There are several underlying factors for the genetic 
erosion of this important breed in Borana rangelands (Coppock, 1994; Reda, 2001; Alemayehu 
and Drucker, 2002). The serious troubles include changes in ecological characteristics due to 
bush encroachment and recurrent droughts; difficulties in access to markets and civil strife 
(Alemayehu and Drucker, 2002). Bush encroachment due to external pressure on Borana 
indigenous knowledge often leads to dwindling the availability of good pasture and hence, to a 
decline in cattle carrying capacity per unit grazing area. Drought recurrently affects the 
rangelands and contributes to high death rates for livestock that in turn result in poverty for 
the pastoralists too (Coppock, Getachew& Solomon, 2008). After frequent droughts that erode 
cattle after cattle, pure Borana breed are often replaced with other breeds that are readily 
available at fair price. It creates an opportunity for the smaller Guji cattle or Small East African 
Zebus which are often bought for restocking that in turn leads to replacement of pure Borana 
breed (Zander, 2005).

 

 
In order to overcome genetic erosion of Borana breed, Borana pastoralists have been able to 
provide the necessary custody to the breed and have been able to keep them in their herd 
through their long lived indigenous knowledge in cattle management (Rege and Gibson, 2003).  
 
Preserving and rescuing of Borana breed has several outcomes for the pastoralists. These 
include preservation of the global diversity, ensuring and securing the livelihoods of 
pastoralists and their cultural heritage as well as securing the equilibrium between culture and 
economic improvement through incentives.  To this end, Borana pastoralists formed a close 
link among three interrelated elements cattle rearing, indigenous knowledge and socio-
cultural values. This study based its conceptual framework by looking into Borana indigenous 
knowledge in relation to Borana cattle breeds’ management and custody. Special attention was 
given to Borana indigenous knowledge in identification of milk and beef cattle, treatment of 
lactating cows, calves and sick cattle. Due attention was given to indigenous knowledge used 
to identify cattle disease types, signs and treatments behind. Besides, indigenous gender roles 
in cattle management and custody were also analyzed. 

 
Methodological Approaches   

 
The study was conducted in two selected villages of Arero district of the current Borana zone 
namely Gadda and Wachile. The two villages were purposively selected as the villages comprise 
pastoralist communities and they share common cultural backgrounds with other Borana 
pastoralists in other parts of the rangelands.  
 
The study employed a qualitative research approach under which an in-depth interview, focus 
group discussions (FGDs) and key informant interviews were scheduled and applied. The 
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major reason to apply a qualitative approach emanates from the nature of the problem under 
study that is; it is difficult to quantify indigenous knowledge. FGDs were held in the two 
selected villages. The FGD discussants comprise multi segments of the community including 
women, elders and youth. For triangulation, an in-depth interview was held with prominent 
and knowledgeable individuals on indigenous livestock management.  
 
Grounded theory that allows deriving theory from data systematically gathered and analyzed 
through the research process was applied. Theory derived from data is more likely to resemble 
the “reality” than is theory derived by putting together a series of concepts based on experience 
or solely through speculation.  Grounded theories, because they are drawn from data, are likely 
to offer insight, enhance understanding, and provide a meaningful guide to action (Strauss & 
Corbin, 1998).  
 
Analysis of the raw data involved categorizing, ordering, manipulating, summarizing and 
describing the collected data. Participatory Research Approach tools like problem ranking were 
also used. Theory in this context simply refers to a conclusion derived from data towards an 
action. Ground theory is part of qualitative research approach in which the researcher starts 
his/her study without pre conceived theory and rather theory will be developed from the data 
systematically gathered and analyzed (Strauss & Corbin, 1998) 

 
Result and Discussion 

 
Borana pastoralists have a long lived indigenous systems and knowledge in managing livestock 
in general and cattle breeds in particular. They have special attention to cattle management 
compared to browsing livestock like goats and camels. Even, within cattle management 
different attentions are paid to healthy and well being cattle, bulls for meat, lactating cows, 
sick cattle, heifers and caves.  Furthermore, Borana pastoralists have an effective and long lived 
indigenous knowledge in livestock disease control and treatment. The central idea behind 
cattle management is to increases the herd size and to maintain survival of productive breeds 
in context of arid and semi arid climatic conditions as much as possible. It is also a mechanism 
to maintain the culture of the people that also has a link with cattle rearing. 
 
Herd mobility is the main strategy used to manage risk and use the rangelands’ resources 
communally and efficiently for their livestock in general and cattle in particular. In this 
context, mobility in the rangelands takes two forms. The first one is mobility of the satellite 
herds (locally called Godaansa Fooraa) and the other one is mobility with large herds (locally 
called Godaansa Warraguddaa). 
 

Indigenous Knowledge Used to Identify and treat Cattle for Milk and Meat  
 

Despite Borana cattle breeds have high potential for beef; the primary goal of cattle rearing 
among the Borana is milk production. Borana cattle breed produces sufficient milk for their 
calves and extra milk for peoples’ consumption. Even if, Borana pastoralists have greater values 
for cattle in general and large herd implies greater prestige, there are different indigenous 
mechanisms to identify cattle for milk and meat or market values. 



Animal Production 2012 

 

                                                                                                                                                             101 
 

 
Four indigenous mechanisms used to identify cattle for milk production were identified. The 
first three mechanisms are related to heifers and lactating cows while the last one is related to 
bulls that meet heifers or cows to produce potentially milk producing heifers.  
 
It was revealed that cows having potential for milk production die early during drought i.e. less 
capable to tolerate water shortage and fodder. They have less capacity to overcome shortage of 
pasture and water compared to others. Hence, heifers of those cows are believed to have 
potential for milk. From this, it can be said that one factor for Borana breed cattle close to 
extinction is related to this indigenous knowledge of the people. It is repeatedly reported that 
Borana breed cattle have great potential for milk production nevertheless; they are at a risk of 
genetic erosion for recurrent drought of the rangelands. This implies that their sensitivity to 
the recurrent drought of the rangelands has some relation with their potential to milk 
production as stated by indigenous people.  
 
The second mechanism used to identify cows and heifers for milk production is related to 
physical growth and development. Accordingly, a fast growing cattle has great potential for 
milk production. In relation to this, the participants indicated that cows and heifers with 
broader cervix are identified as cattle for milk production. This indigenous way of cattle 
identification is also in line with the physical characteristics of Borana breed reported in many 
literatures. It is clearly indicated that Borana breed cattle are huge in nature implying the 
validity of the indigenous knowledge in identifying cattle for milk production. 
 
The third mechanism is related to signs and duration of pregnancy. It was indicated that cows 
and heifers with a potential for milk production show signs of pregnancy earlier. It was also 
revealed that cows and heifers having a potential for milk production stay long in pregnancy. 
This indigenous way of thinking needs a further scientific investigation to test its reliability. 
 
The last mechanism is related to bulls used for reproduction of heifers and cows to produce 
heifers with potential for milk production. It was stated that a bull having large testicle has the 
potential to produce heifers for milk production. Hence, bulls with large testicles are suggested 
to meet cows and heifers intended for milk production. This indigenous way of thinking still 
needs a further scientific investigation to test its reliability.  
 
The study participants indicated that pure Borana cattle breed fulfil the above qualities and 
thus they are so competent for milk production even if, they have great potentials for meat 
products as well. That is way the Borana pastoralists prefer Borana cattle breed for milk 
production to meat or market values.   
 
Borana pastoralists have also indigenous mechanisms and knowledge used to identify bulls for 
meat production. Usually, bulls with potential for meat are reared for market values. Four basic 
indigenous mechanisms were identified with regard to identification of bulls for meat 
production. Accordingly, the quality attributes used to characterize bulls for meat production 
include: strong and broaden muscles, overall huge body size, ribs grow outwards and make 
broadened bowand long maala. (Maala refers to a long extra skin of cattle usually oxen below 
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the throat).  It was also identified that short bulls but having huge body size in nature are 
competent for meat production. Hence, bulls fulfilling the aforementioned qualities are reared 
for meat or market values and/or used for reproduction targeting to produce bulls for meat 
values.  
 
Once bulls with potential for meat values have identified, the next step is to fatten them for 
market or cash values. The first step in fattening of bulls is to reserve small pasture plot. In the 
reserved (enclosed) plot, special herbs/grasses used to fatten bulls will be produced for feeding.   
Herbs or grass types used to fatten bulls for beef/meat values include: matii guddessaa, 
Halaloo, and heddoo. Among other, feeding bulls with matii guddessaa is the best one to fatten 
and prepare them for meat values. 
 

Indigenous Knowledge in Cattle Diseases Control and Treatment 
 

Spread of cattle disease combined with the frequent and recurrent drought is a major cause for 
eroding of Borana cattle breed in Borana rangelands. Common cattle diseases in Borana 
rangeland include foot and mouth disease, anthrax, black leg, contagious bovine 
pleuropneumonia, contagious caprine pleuropneumonia and trypanosomiasis. External 
parasites, particularly ticks and mange mites are also of significant health problem. Besides, 
poisonous plants such as Gaaddalla, Gora, Bobiya, Garbicha, Tabari causeill-health and even 
death to cattle in the rangelands (Mekonnon, et al 2003). These poisonous plants turn to be a 
serious problem with the expansion of bush encroachment in the rangelands.  
 
In order to overcome and rescue their cattle from cattle diseases and poisonous plants, Borana 
pastoralists have developed different indigenous mechanisms used to identify cattle diseases, 
signs of the diseases and indigenous ways of cattle disease treatment. The study identified nine 
cattle diseases common to Borana rangelands. They are discussed below with their local 
names, their signs as well as indigenous systems of the community used to treat the diseases. 
 
LUUXAA (Luuxaa refers to communicable cattle disease that deteriorate the physic of the 
victim and followed by extensive diarrhoea 
Signs  
Physical deterioration 
Diarrheal  
Weakness and incompetence  
 Treatment  
Well water  
Isolating from others (It is used to protect others as the disease is communicable in nature) 
External Parasite (Ticks) 
Signs 
Can be observed overtly  
Skin lesions 
Skin infection 
Physical deterioration 
Treatment 
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Displacing the affected cattle to other areas where the plot is recently burned for grass 
production (It is not functional method by now as bush burning has banned) 
Application of a ‘milking plant’ known as Hagarsoo on the affected area  
Application of tobacco leaves on the wounded area 
Applying a fruit of a plant species called Iddii 
 
OOYYOLEE (Related to anthrax by animal extension workers in the study site) 
Signs 
Sour around mouth and tongue 
Reduction of milk production (for lactating cows) 
Poor appetite and difficulty to feed properly 
Wound on nail and fingers 
Affects uterus and the victim will no more give birth 
 Treatment 
Beyond indigenous knowledge to treat 
Applying a herb known as Kulaa (But not very effective) 
  Sillisaa (Swelling/Puff up)   
 Signs 
Swelling (puff up) of neck and around neck 
Poor appetite and difficulty to feed properly 
Treatment 
Burning affected site (puff location) 
Let the sick cattle run here and there 
Swelling of hand and legs  
 Signs 
Abdominal distend 
Swelling 
Shivering  
Difficulty in urination   
Treatments  
Applying leaves of a tree known as qaruuraa and burning swollen sites 
Respiration Problem (Lung Disease) 
Signs 
Coughing with sputum ejected out  
Nasal discharges  
Difficulty in breathing  
Throat collapse 
Physical deterioration  
Failure to equally move with others/ Weakness 
 
Treatments 
 
As the disease is suspected to be lung disease, indigenously, the community believes that the 
lung of cattle that died of the disease is used as a treatment for those suffering from the 
disease. Accordingly, if cattle are died of lung disease, and there is another cattle suffering 
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from the same disease, a piece of the lung of the dead cattle will be taken and inserted/planted 
in the nose of the cattle suffering from the disease through indigenous operation.  
 
TUMMAA 
   Signs 
Dryness of nose 
Unusual tear expulsion 
Sputum ejected out through moth  
Dizziness 
Treatment 
 
There is a traditional healer called Cirreessaa who has inborn gift to treat cattle affected with 
tummaa. The knowledge is inborn and limited to certain families and not given to anyone. 
Thus, if a father with this knowledge passed away, his son/s will continue to serve as cirreessaa. 
In addition, the following methods are also used to treat tummaa. 
 
Application of coffee and tobacco flowers in smoke form.  
Restricting/protecting the victim from drinking water for a few days 
If it is calf, keeping it away from breast feeding 
 
SUDDEN ONSET DEATH 
Signs  
Abdominal swelling 
Dizziness  
Lameness in all of the legs 
Treatments 
Even if, it is beyond indigenous knowledge to treat, the following methods are used to treat 
Discharging/removing of pus and accumulated blood from the swollen sites 
Protecting/restricting from feeding for a few days 
DIARRHEA 
Signs   
High frequent diarrhoea 
Physical deterioration 
 Treatment  
Burning left and right sides of affected cattle 
Provision of some herbs 
QANDHOO (SHIVERING) 
 Signs 
Shivering 
 
  Treatment 
Applying tobacco leaf 
Applying a leaf of a tree known as baddan (The dry leaf of baddan in smoke form) 
SCABIES  
 Sign 
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Affects skin with itching sensation 
Skin lesions 
 
Treatments 
 
Applying a local herb known as ‘Qollobboo’, literarily bulb on affected areas. It has its own 
procedure in which the first step is to change the dry root of Qollobboo into a powder form. 
The next step is to mix the powder with the urine of the sick. If the powder has properly mixed 
with the urine of the sick, it will be applied and not otherwise.  
 
From the findings, it can be stated that before the emergence of modern animal disease 
treatment and control, Borana pastoralists evolved and used indigenous knowledge and 
systems to identify, diagnose and treat cattle diseases and contributed a lot in the custody of 
the lowland cattle breeds from genetic erosion. Despite, this study calls for other study so as to 
relate the identified indigenous knowledge with the modern animal disease control and 
treatment, most of the disease mentioned above match cattle diseases identified in the 
rangelands by scientific approaches. For example, most of livestock diseases identified by 
Mekonnon et al, and Habtamu et al (2011) are in line with the aforementioned cattle diseases 
identified by the indigenous people using indigenous knowledge.  
 

Indigenous Gender Roles in Cattle Management 
 
In cattle management systems of Borana pastoralists, every segment of the community has 
their own roles based on gender and age. It was identified that cattle management systems of 
Borana pastoralists are a collaborative work among the segments of the community than a 
reflection of intentionally imposed gender role segregation and discrimination. Therefore, 
there are no clear roles purely granted to women or men or youth girls and boys. The next 
table depicts rough role distribution of the segments of the community on cattle management 
by age and gender. 
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Table 1: The roles of community segments in cattle management 
 

Segments of the community Role in livestock management  
Youth (boys and girls)  Cattle keeping  

 Cleaning compounds/shelter 
 Reporting suspected cases of sickness to 

elders  
 Accompanying cattle during mobility 
 Labor contribution during pond excavation 

for cattle 
  Cleaning shelter or compounds  

 
Elders  Accomplishment of activities related to water 

supply 
 Determining mobility patterns and directions 

for grazing 
 Special treatment for bulls selected for 

meat/sell 
 Guiding cattle keepers 
 Treating sick cattle 
 Guiding and contributing labor during pond 

excavation 
  Guiding and contributing labor during bush 

cleaning  
 Guiding and contributing labor for shelter 

making  
 

Women  Labor contribution during bush clearing  
for grass production  

 Supporting shelter making 
 Provision of water and fodder to lactating 

calves and sick 
 Cleaning compounds/shelter 
 Treating sick cattle 

(Source: Own data) 
 

Indigenous Systems in Relation to Information about Cattle Marketing  
 

The study found out that, there is no kind of organized and formal indigenous systems about 
access to information on cattle market. This is because of the fact that the Borana produces 
cattle primarily not for market but for consumption and prestige. Cattle are brought to market 
when there is specific expense to be covered by the income. However, the social networking of 
the Borana facilitates free flow of information to the members. Accordingly, if someone sales 
his/her cattle for some purposes, he/she will inform about the price for others but not 
purposely. Supply of cattle to market depends on season and the supply increases during 
drought due to which the prices or values decrease during this season.  
 
There are two major markets for livestock and livestock products namely Dubluk and Mega 
markets. Livestock prices have increased over the past years, even if there are price 
fluctuations.  In most cases, heads of cattle are brought to market by male heads in case of 
male headed households. In case of female headed households, a female heading the family has 
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full right to bring her cattle to market. But, relatives and neighbours may accompany her as a 
social support. In case of milk marketing, women are more pronounced. They are active both 
in local markets and market towards Moyale. Milk supply is highly seasonal.  Its supply 
increases during rainy season and it is too scarce even for consumption during dry season. 
 

Conclusion and Implications 
 

The study explored that Borana pastoralists have evolved considerable indigenous knowledge 
and systems specific to cattle management and custody of the lowland Borana cattle breeds 
used to protect the breeds from genetic erosion. In such a way that, Borana pastoralists tried to 
rescue their important cattle breeds that fit to the harsh climatic conditions of Borana 
rangelands from several challenges like recurrent drought and its outcomes, water and pasture 
shortage.  
 
Borana indigenous knowledge and systems on cattle management and custody are sound 
enough to identify cattle for different purposes like meat and milk productions. It is also 
responsive enough in providing custody to the different categories of cattle like lactating cows, 
calves, and sick and weak cattle as well as bulls for market values according to their special 
needs and demands.  
 
The indigenous knowledge and systems are also relevant and sound enough in identifying 
cattle disease, disease diagnosis and treatment that have a decisive role in maintaining their 
important cattle breeds from genetic erosion.   
 
The study also explored that Borana indigenous systems in cattle management and custody are 
aggregated by gender and age. It was revealed that the major purpose behind role allocation by 
age and gender is a collaborative effort for the wellbeing of all rather than a mere implication 
of gender discrimination and segregation unlike most patriarchal societies. There is no clear 
boundary that demarcates the roles of women and men in cattle management and genetic 
custody despite, the rough existence of role division by age and gender.  
 
As the primary goal of Borana pastoralists in cattle rearing is related to milk production for 
consumption and socio-cultural values, there are no indigenously organized systems about 
access to information on cattle marketing. However, the social systems of the community 
provide open flow of information among the members that also result in exchange of cattle 
market information. There are no defined gender roles in cattle marketing. However, in male 
headed households, the men have supper hand in providing heads of cattle to market. In 
female headed households, the women have supper power to decide on cattle marketing of the 
household. Nevertheless, social system of the community makes decision about cattle 
marketing a discussion between partners even within male headed households. 
 
The major implication of the study is that investigating indigenous knowledge of community 
and creating harmonious relationship with scientific methods and techniques has greater 
importance to bring community based sustainable development.  
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It also helps to reduce extraterrestrial imposition of development approaches that may provide 
less value to indigenous knowledge, values and systems. Furthermore, it has added values to 
maintain indigenous assets of indigenous communities like native cattle breeds that the society 
kept in good hands for generations. In addition, it initiates indigenous people’s participation in 
development endeavours and creates sense of ownership to the efforts. It has also a potential 
to bring other ways of thinking to the modern technologies and approaches.  
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Abstract 
 

This review paper tries to identify the status of camel production and development in 
Ethiopia. Therefore it helps to make change in perception that stick  on camel as ‘ship of 
the desert’ to ‘a food security animal’ since camel can provides food and livelihood to 
pastoral people in semi-arid and arid areas. Camel rearing is a primary activity in pastoral 
areas as it has important role for milk, meat, and packaging and have social values in 
pastoral areas of Ethiopia. Milk production and marketing in such area is subsistence 
oriented. The potential of the camel in terms of milk and meat production has not been 
assessed by research and it is not taken as a development strategy to met food security in 
pastoral area of the country. It remains a gloomy fact that this valuable animal has been 
and is still neglected by planners and researchers due to lack of effective coordination 
among the institutions at various levels for research and development; poor market 
infrastructures, poor husbandry and healthcare are the main constraints and also lack of 
awareness on the nutritional value of the camel and its product.. Therefore, there is need to 
invest in this sector to ensure that efficiency is attained while shifting from subsistent to 
commercial orientation.  

 
        Key words: Camel, Development, Food Security, Meat, Milk, Research 

 
Introduction 

 
According to FAO statistics there are about 19 million camels in the world, of which 15 million 
are found in Africa and 4 million in Asia. Of this estimated world population, 17 million are 
believed to be one-humped dromedary camels (Camelus dromedarius) and 2 millions two-
humped (Camelus bactrianus). Ethiopia possesses over 1 million dromedary camels which 
estimated to have the third largest camel herd in the world after Somalia, and Sudan, in that 
order (Farah et al., 2004). The majority of these camels are found in the eastern part of the 
country. 
 
Camels especially the camelus dromedarius are the most important animals in hot arid and 
semi arid areas of the world in general and our country in particular. This climate encompasses 
about one-third of the world’s and more than half of Ethiopian land. In this part of the country 
both crop and livestock productions are reported to be very low due to unfavourable nature of 
the climatic conditions of the area. It is the camel which is found to be the fittest of all animals 
in this area due to its unique anatomical, physiological and behavioural adaptive features. The 
national camel milk production is currently estimated to be 194,924 metric tons annually 
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(FAO, 2009) and more households in arid and semi arid lands directly derive part of their 
livelihood from camels either through home consumption or commercialization. 
 
However, this huge potential of camel in respect to consistent production with the current 
climate change is underutilized. Therefore, this paper summarizes the potential that the camel 
has especially in the face of the now recurrent droughts; effects of climate change and show the 
status of the country in research and development concerning camel and the camel products in 
Ethiopia. 
 

Importance of Camel over Other Livestock 
 

Camel and Climate Change 
 
There are a lot of predictions in the air about increased global warming; the camel is the most 
suitable animal to be use as an agent of food security in that scenario (Abebech et al., 2009).  
The chief role of the camel is related directly to its remarkable adaptation to extremely harsh 
conditions and it can flourish where no other domestic animal can survive. The limitation 
imposed by arid conditions is the sparse and poor quality of pastures. Compared with other 
ruminants, however, camel can feed on herbaceous plants, shrubs, shoots, cacti and date 
stones which are low in protein but rich in fibre and cellulose (Farah et al., 2004). Therefore, 
able to digest alien bush species that are now rapidly invading pastoral farmland, camels are 
suitably adapted to the lowlands of Ethiopia and can therefore contribute very constructively 
to the food security of pastoralist households. Moreover, Camel, while consuming scanty and 
rough vegetation produces valuable and health friendly milk. It produces in the conditions 
where other animals cannot keep soul and body together.  
 
Water is the major limiting factor of dry lands and camel is the most efficient animal in water 
economy. Due to climatic related issues, pastoralists have developed various indigenous coping 
strategies to minimize risks. Diversification of herd composition as well as changing of cattle 
by acquisition of drought-tolerant livestock genotypes and species such as camels has been 
increasingly practiced by the Borana pastoralists (Biffa and Chaka, 2002). Adopting camel 
pastoralism is motivated by its high adaptability to arid conditions (Osam, 2010; Faye, 2011). 
Unfortunately camel is always neglected in research communities (Yesihak and Bekele 2003) as 
well in formulating policies for agricultural development in Ethiopia. 
 
Kaufmann and Binder, 2002; Jones and Thornton, 2008 reported that as climate change 
drastically alters the African landscape, raising camels could replace crops and other livestock 
in the hardest- hit arid areas of the continent that are no longer suitable for agriculture. 
Moreover, compared to small and large true ruminants, mortality rate in adult camels is very 
low in the event of drought conditions. Therefore, raising camel is the best option especially in 
the face of the now regular droughts; and effects of climate change. 
 

Milk Production Potential 
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With 5 times the amount of Vitamin C in camel’s milk, and full of iron, camel’s milk needs no 
nutritional help. Camel's milk is very rich in fat and protein. Camel milk is the closest you can 
get to a human mother's milk, with 10 times more iron and three times more vitamin C than 
cow's milk. It is antibacterial and low in lactose (Farah et al., 2004). Therefore, the nutrient 
contents of the camel milk are as good as or even better than that of the cow milk. It has a 
shelf life of 5 days before pasteurization, after which it will survive for up to 3 weeks. Camel’s 
milk is just as versatile as other milk, used as it is to produce low-fat varieties of cheese, 
chocolate, and a fermented delicacy that is used in areas that lack refrigeration. In many arid 
areas, camels play a central role as milk suppliers. The comparative advantage of the camel as a 
dairy animal over the other species in the same environment is difficult to quantify; however, it 
is widely recognized that in absolute terms the camel produces more milk and for a longer 
period of time than other species maintained in the same environment.  
 
The contribution of the camel in Ethiopia even in terms of milk and meat production does not 
seem to have been properly assessed. The pastoralists only consume fresh raw and soured milk 
(a sort of yogurt) (Coppock, 1994; Kedija et al, 2008). In Ethiopia, the consumption of camel 
milk is not limited only to the pastoral nomads, but camel milk is being commercialized and 
sold in the urban areas (Abdi Abdullahi, 2010).  
 
The annual camel milk production in Ethiopia is estimated to be 194,924 metric tons (FAO, 
2009). Although not studied in depth as compared to milk of other domestic animals, it is 
often reported that surplus of camel milk is produced in the country during the rainy season 
(Coppock, 1994; Kedija et al, 2008). 
 
Even though Ethiopia camel population is third in world, most of the camels are kept by 
pastoralists in subsistence production systems. They are very reliable milk producers during 
dry seasons and drought years when milk from cattle, sheep, and goats is scarce. This is one of 
the opportunities of camel milk to processing in the country and then to make it as market 
oriented product. However, camel milk is not still give emphasis in order to process in to 
different products. For instance, in Kenya camel milk is processed in to chess, yogurt, and ice 
cream and it is exported to Europe, UAE, and America. There are different private enterprises 
that satisfy the demand for camel milk in Kenya. There is an increasing market demand for 
diversified camel milk products including a recent venture into camel milk-based chocolate 
(FAO, 2011) and ice cream from camel milk. 
 
As different report in pastoral area of Africa indicates that the amount of milk produce from 
the camel is varied from 1000 to 3300 litters/lactation per lactation this therefore, there is 
enough variation exists for selection to have significant benefit. The dairy potential of camel 
appeared higher than that of the cow reared under the same climatic and feeding conditions. 
In Ethiopia, the Afar farmers rearing simultaneously cattle and camel get on average 1 to 1.5 
litres of milk with afar zebu against 4 to 5 litres with Dankali camel (Richard and Gerard, 1985). 
It shows that given sufficient time for selection for milk yield, milk quality, less intense 
maternal instinct and development of management systems, camel dairying in our country 
may be commercially feasible. It appears appropriate to suggest that if a milking type is to be 
developed; such activities will need to be carried out at appropriate institutions. 
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Meat Production 
 

Camel meat is rarely consumed among the camel herders in Ethiopia (Ahmed, 2002), 
Kaufmann and Binder, 2002; and (Farah et al., 2004)). It is only eaten in critical periods of food 
shortage, or when entertaining guests, or for ritual and sacrificial purposes. However, they 
trade live animal, usually males, and unproductive females, for domestic supplies as well as 
export is very common. In Ethiopia, pastoral livestock trading has grown tremendously in 
recent years as a result of expanding markets and networks. Small ruminants and cattle are 
exported to Middle Eastern countries but the camel market is the most active. Moreover, cattle 
have largely remained commodity for local consumption, while camels are being exported. A 
large number of camels were exported for slaughter to the Middle Eastern countries (Hussen, 
2010). And that the average price paid was about US $ 1.7-2 per kg live weight. However, most 
of the exports are illegal and this will be one of the major threats to camel population in 
Ethiopia. Even if there is a high demand of camel meat in non-camel herding societies, there is 
no efforts are made to breed and select the camel for special meat characteristics in Ethiopia.  
 
From a global perspective, the economic significance of camel production is minimal in 
comparison with that of other domestic animals. Nevertheless in Africa, especially in East 
Africa and Sahel countries, the camel population makes a significant contribution to national 
economies. However it is difficult to evaluate this economic contribution as most of the camel 
products are traded in the informal sector. 
 
Now days the growth of small towns, spreading of network coverage for mobile, an 
establishment of holding pens and sale yards in pastoral area (Abdi Abdullahi, 2010) and it  
creates an opportunity for an organized camel market development since it create access to 
market  
 

Present Status of Camel Research and Development in Ethiopia 
 
In recent years, a substantial number of scientific publications were done on the camel in 
Ethiopia. According to Wilson (1989) report in many pastoral area most of these publications 
covered veterinary aspects, general milk and meat production and some reproductive 
physiology and camel management. Our country is not far from these facts. Studies on 
breeding, feeding and nutrition, production systems, productivity and economics are very rare.  
Even if there is more information or data on camel in the country, it may not be published and 
distributed to the concerned bodies. This means that in some institutes, scientific publications 
are available but not extended to the stake holders. Moreover, thus papers have not been 
impact on the promotion and development of camel in the country. Therefore, more emphasis 
should be given on the improvement of practical camel production improvement. 
 
There is scarce of information on camel diseases research in Ethiopia. Such research reveals 
that camels may be either carriers of susceptible to or suffering from a vast array of infectious 
and parasitic diseases. There is a great information gap on population, breeds trends & status 
in production potential (quantitative traits), and diseases of camel. Also gene level studies are 
important to know the real potential of camels over other true ruminants.  
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Lesson Learnt From Camel Development in the World 
 
Based on the report of Faye (2011) there are three main new trends which are observed in the 
camelid world and such trends are:  
 

1)  Intensification of the camel production with modern dairy farms, high dairy potential 
lactating camels (breed from Saudi Arabia, and Pakistan, India) and industrial milk 
processing or camel feed-lot with intensification of the reproduction process. India, Saudi 
Arabia, and UAE camel feed-lot is practiced. For instance, in Kenya, Europe, UAE, 
America, and China camel milk is processed in to pasteurized milk, chess, yogurt, milk 
powder, ice cream, and chocolates. There are different private enterprises to satisfy an 
increase demand for diversified camel milk products including a recent venture into camel 
milk-based chocolate (FAO, 2011).  
 

2) Diversification of the camel production with increasing of a wider using of camelids in 
agriculture activities, carting, racing (mainly for small camelids), camel milk and meat for 
dietetic and medicinal purposes. 

 
Racing: In other countries, like UAE, Qatar, Kuwait Pakistan and India camels raised and 
trained as riding/racing animals, or for dancing and wrestling or those trained to perform 
acrobatics, fetch two to four times higher prices than the normal prices of common camels. For 
instance, in Kenya, The Sudan, Egypt, India, Saudi Arabia, Bahrain, Qatar, United Arab 
Emirates, and Australia and the sport became extremely popular, spawning its own training, 
breeding, and research industries. Like horse racing, is an event for betting and tourist 
attraction. Camel racing (with selecting the best breed that fit to this purpose) should be 
adopted in Ethiopia lowlands since this will be one of the potential of camel in creating income 
to the owner through tourist attraction.  
 
Medical values: Despite having the potential to help anaemic mothers and feed newborn 
babies, as well as improve the lives of those living with HIV/AIDS, diabetes and autism, this is 
clear that there is still a long way to go. Different research reports on the medicinal values of 
camel milk indicates that camel milk has an apparent positive effect on breast cancer (Eisler et 
al., 1998); Crohn's Disease (Shabo et al., 2005, 2006); Autism (Shabo and Yagil et al., 2005); 
Type 1 Diabetes (Agrawal et al., 2005); Milk allergies specially in children (Shabo et al., 2005). 
 
Camel milk has an apparent positive effect on type 3 diabetic but it is not still tried in human 
cell (Esmail et al., 2008).  Regular consumption of camel milk contributes to an optimum 
diabetes management. As clinical trials in human diabetes type 1 have shown that the daily 
consumption of 0.5 liter camel milk reduces the need for insulin medication by an average of 
30% (Agrawal, 2005). The milk has also positive effects in controlling high blood pressure and 
helps in the management of Arteriosclerosis and Osteoporosis. Camel milk has also been used 
for centuries to treat liver disease, and studies have been performed for hepatitis and liver 
cancer with promising results. Due to its high potential in medical values of the milk, in United 
State camel milk is produce to make it available to citizens of the United States and to make 
further medical research and studies of camel milk in the country. There are so many people 
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who could benefit from the healing properties of this milk in the world and which makes 
camels milk stands first in its potential to serve as a major weapon against many human 
illnesses (Camel Milk USA, 2011). 
 
3)  Distribution of camel in different area in the world is becoming increase which is linked 
to the climatic changes (Faye et al., 2008), to the diversification of their use, due to the 
acidification of many parts of the world, to the increasing of the camel products demand in 
urban areas.  For instance in our country in Borana the pastoralists are shifts their livelihood 
from cattle to camel, it is only due to drought tolerance capacity of the camel. However, in 
other countries also due to the advantage of camel it has in terms of healthy food or its medical 
values, rising of camel become very common. Due to this for the future camels' milk could 
become the latest super food to hit the shelves of health food shops and up market retailers 
(FAO, 2011). 
 

Constraints on Camel Development in Ethiopia 
 
There is no any efforts have been made in case of breeding in the country. Selection and cross 
breeding of potential camel breed in terms of milk and meat has not been tried. However, 
different reports from other countries indicate that Kenya, Sudan, India, UAE, and Quatar are 
practiced camel cross breeding with dromedaries from Pakistan in order to improve milk 
production (Farah et al., 2004). In addition, the camels bred for milk are interbred with camels 
from Oman, and Saudi Arabia, to produce a superior genetic strain. In this country, since there 
is no selection and preservation as well as crossing of potential breed, the camel will continue 
to lose its production potential, unless solutions are found for turning camel breeding into 
active to sustain livelihoods (Yohannes et al, 2007). This is not the only problem but illegal 
export of live camel will be the major threat to productive camel breed in Ethiopia. Unless 
young people perceive camel breeding as a livelihood option that generates a certain minimum 
income, there is no way that the camel can be saved, except in a zoo (Kohler-Rollefson, 2004). 
 
Camel has potential in the amount of milk production than other species of animals. This 
roughly means that there will be an opportunity for increasing the incomes of camel keeping 
communities only from camel milk selling. The dominance of other ruminant species over 
camels perhaps might have masked the potential contributions of these animals to the national 
and household economy. As a result, the camels have been neglected, or at least their 
importance underestimated, by the society as such. Consequently, livestock production 
planners and researchers have overlooked its usefulness for the local community and roles in 
national economy, and have not so far considered the animals in any research and 
development agenda (Bekele, 2010). 
 
Infectious and parasitic diseases appear to be the major constraints that are hampering the 
potential performances of the animals in Ethiopia. Moreover, camel calf morbidity and 
mortality have been reported to be hindrances to production enhancement and population 
growth, with a mortality ranges from 15 to 50 percent from pastoral areas. This suggests loss of 
calf crops that vitally affect the replacement stock in particular, the herd productivity and 
population growth in general.  
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Therefore, one of the main factors affecting herd growth is mortality as diseases are still the 
most important factors limiting the camel production in Ethiopia. The causes for mortality are 
widespread diseases due to poor management practice, poor veterinary service and lack of 
attention from government (Bekele, 2010). To increase the production potential of camel milk 
in pastoral areas there should be improved feed, husbandry and veterinary care. 
 
Disease and husbandry is not the only limiting factor for the production potential of camel but   
unhygienic containers, long distance distances to provincial markets cause to delays in milk 
delivery, and prolonged transport times all are the main problem in increasing contamination 
and spoilage for milk (Eyasu, 2007).  This results to the considerable losses of marketed camel 
milk. The successful adaptation of pastoral subsistence production to the needs of an improved 
camel milk production and marketing system will depend, to a large extent, on safeguarding 
the milk quality at production, during transport, processing and marketing. There are also 
many factors constraining the development of the camel milk subsector such as poor 
organization of actors in the chain; inadequate physical and institutional support 
infrastructure; and poor market development, generally low investment in the sector e.g. to 
support processing.  The majority of milk production systems in pastoral area of the country 
are subsistence oriented but some are commercialized. In this system there are informal 
market chains.  Therefore, milk is already there, and what is required is identify the different 
actors in camel milk market and investments in market access and organize players to trigger 
increased extraction and supply of milk in the chain.  Therefore, there should be training for 
pastoralist in appropriate husbandry, conservation, processing and storage methods in 
informal marketing chain. 
 

Conclusion 
 
The best way to tap into the potential of the drylands is to invest in systems that support 
pastoral livelihoods. Camel provides food and livelihood to pastoral people. Pastoral camel 
production has the potential of yielding a positive impact on economic and environmental 
aspects in Ethiopia. However, this animal has been completely overlooked by development 
services. The drought of recent years has restored the camel to the agenda. Hence, pastoralist 
should use different potential of the camel to diversify their income source to ensure food 
security to the household’s level. To do this both the government and donor agencies should 
adopt appropriate policy recommendations aimed at fully exploiting the camels’ potential. 
There is, therefore, a need to improve camel research through creating a research network, 
provided with funds sufficient to permit the dissemination of information and the exchange of 
research workers in Ethiopia. This research arrangement would be best information input for 
development.  
 
At least adoption of better camel husbandry practices can improve the life of pastoralists who 
largely earn their living through camel rising. Whenever possible veterinary service in pastoral 
areas should be established and refresher trainings should be given to Community Animal 
Health Workers (CAHWs) with basic veterinary training such as camel health, husbandry and 
management. Introduce methods for raw camel milk preservation and value addition using 
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appropriate technologies. Finally there is a need to consider the development of breeding 
technology in the country through selecting the potential animals for milk and meat.  
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Abstract 

 
Evaluation of Eri and Mulberry silkworms’ productivity under Bako condition, western 
Oromia, Ethiopia was conducted via characterization of their developmental stages and 
productivity. For the characterization of the developmental stages duration of egg laying, 
larvae and pupa were calculated. The productivity of the silkworms was evaluated via 
number of egg produced, larvae hatched and cocoon formed. Period 1, 2, 3, 4, and 5 when 
egg laying was commenced in early August, early October, early May, late April and mid 
July were considered as distinct continuative periods for evaluation of eri silkworm 
productivity whereas late October and late April were considered as distinct periods for 
mulberry silkworm productivity. The periods of data collection were the latter in 2010 and 
the earlier 2011. The productivity data were analyzed using SAS while the developmental 
stages were depicted using Bar graph. In general, the durations of egg laying, larvae and 
pupal stage showed variability both by silkworm types and different periods. The overall 
mean of number of eggs laid (NEL), number of larvae hatched (NLH) and number of 
cocoons formed (NCF) for eri and mulberry silkworms were 354.9, 342.9, 345.0 and 302.3, 
291.9 and 269.1, respectively. The overall weight of single cocoon, single shell, single pupa 
and shell ratio were 2.2g, 0.3g, 1.9g and 12.3%, respectively. The values for these parameters 
were statistically significant (P <0.01) between the two types of silk worms. Higher single 
cocoon, single shell, single pupa weights and shell ratio were from eri silkworm under Bako 
condition. Silk productivity, from viewpoint of not only eggs productivity and hence 
cocoons productivity but also shell ratio, was found to be better from eri silkworm 
particularly during period 2 and period 3. The availability of naturally growing castor in 
western Oromia invites the promotion of eri silk production from eri-silkworm. However, 
verification of the finding and establishing grainage of eri silkworm supply should get due 
attention for further promotion of this young science to Ethiopia. 

 
Keywords: Eri Silkworm; Mulberry Silkworm; Silk; Developmental Stages; Cocoon; Shell Ratio  
 

Introduction 
 
Sericulture (silk production) can contribute a lot to poverty reduction through income 
generation and employment opportunity to farmers of all wealth groups and age categories. 
Silk originating in the spittle of an insect is a natural fibrous substance and is obtained from 
pupal nests or cocoons spun by larvae known as silkworm, preferred over all other types of 
fibres due to its remarkable properties like water absorbency, heath resistance, dyeing 
efficiency, and luster (Fenemore and Parkash, 1992). It contains about 75% actual fibre fibrion 
and 25% of sericin gummy protein that holds filaments. These filaments are about 1000 to 1300 
yards in length and can be as long as 3000 yards (Mathew, 1996). Silk has benefited man not 
only by producing fabrics due to its lighter weight, suppleness, luster, grace, durability, 
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dyability and tenacity but also used in making artificial blood vessels, surgical sutures, 
electrical insulation materials and tyre linings (Ahmed, 1990). Besides this, silkworm is 
considered as a treasure house from head to foot because nothing gets waste in sericulture; the 
by-products such as mulberry shoots serve as fire wood and fuel, the left over larvae and 
excreta as cattle feed, manure and in the production of biogas, reeled out pupae and used male 
moths as poultry feed and in the manufacturing of certain medicines and amino acids; 
mulberry roots and bark in preparing anti-hypertension drugs (Siddiqui, 1988). The major cash 
crop in Ethiopia is coffee followed by hide and skin; and recently natural horticultural flower is 
also contributing. The possibility of production of silkworm host plants simply at the backyard 
of Ethiopian farmers can make production and export of silk as one potential for earning 
foreign currency by exporting. Thus, introduction and evaluation of available silkworms that 
can improve the income of farmers (market-oriented) and contribute to food security should 
receive top priority in our country. 
 
In the view of its immense uses and output involving less input, time and energy, serious 
attention is needed to promote both the exploited and unexploited potential of sericulture 
throughout the not only to earn foreign exchange but also alleviate poverty among rural 
community country not only to earn foreign exchange but also alleviate poverty among rural 
community. Thus, the aims of this paper were to characterize the developmental stages of eri 
and mulberry silkworms and to evaluate the productivity of these silkworms under Bako 
condition. 
 

Materials and Method 
 

Description of the Study Site 
 

Location: The centre is located 258km west of Addis Ababa at an altitude of 1650 m.a.s.l. It lies 
at about 09°6’N and 37°09’E.  Administratively, it is found in Gobu Sayo district, East Wollega 
Zone, Oromia, Ethiopia.  
 
Climate: The area has a hot and humid climate and receives a mean annual rainfall of about 
1220 mm, of which more than 80% falls in the months of May to September. Mean monthly 
minimum and maximum temperatures are about 14°C and 28°C, respectively with an average 
monthly temperature of 21°C. The mean daily minimum and maximum temperatures are 9.4°C 
and 31.3°C, respectively. Potential evapo transpiration averages 60 mm per month (Abebe, 
1998). 
 
Soils and vegetation: The soil belongs to Alfisols series and it is clay in texture (Piccolo and 
Assefa, 1983), reddish brown in color with pH ranging from 5.3-6 (Dawit and Leggesse, 1987) 
and cation exchange capacity of 18.3 me/100g (Sahlemdhin and Ahmed, 1983). Total (Piccolo 
and Assefa, 1983) and available (Sahlemdhin and Ahmed, 1983) phosphorous content of the soil 
was estimated to be about 475 parts per million (ppm) and 2.2ppm, respectively. 
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Establishment of Sericulture at Bako Agricultural Research Center (BARC) 
 
Eggs of two silkworm types Eri silkworm (Philosamia ricini) and mulberry silkworm (Bombyx 
mori L.) were brought to BARC in 2008 from Melkasa agricultural research centre. Castor 
(Ricinus communis) and mulberry (Morus indica) are primary host plants for the former and 
latter silkworms, respectively. The rearing was commenced in the house constructed meant for 
this purpose. The roof of house covered by corrugated iron sheet whereas the floor and walls 
were made from concrete. During very cold times, temperature of the house was being 
regulated with the help of charcoal ignition.    
 
Data: Developmental stages: duration of egg laying, larvae, and pupa; productivity of 
silkworms via number of eggs laid, larvae hatched and cocoon formed; and quality of cocoon 
via shell ratio were evaluated for eri and mulberry silkworms during different periods of the 
year 2010 and 2011. Three to five female moths were allowed to lay eggs. The difference (days) 
between completion and commencement of egg laying was taken as duration of egg laying. In 
similar fashion, the difference between hatching of eggs started and completed was regarded as 
larval duration, whereas the difference between (days) of spinning started and adult moths 
commenced to emerge were taken as pupa duration. Weight of single cocoon, single shell and 
single pupa were calculated from fifteen randomly picked cocoons in different periods. The 
weighting of cocoons was made using sensitive balance. Lastly, the cocoon was cut and weight 
of inside pupa was separately taken. The remaining weight was (other than pupa) was 
considered as shell weight. Contractually hired personnel inspected closely every phenomenon. 
The shell ratio, for the quality analysis, was calculated using the formula: 
 

 
 
Data analysis: the number of eggs laid, larvae hatched and cocoon formed (productivity data) 
and cocoon weights and shell ratio (quality data) were analyzed using SAS (2002) where as the 
developmental stages were presented by Bar graph using Microsoft excel facilities.  
 

Silkworm Feeds Production and Feeding 
 
Castor and mulberry were established on a separate field which provided majority of feeds and 
also around the rearing house. The leaves were collected twice in a day early in the morning 
and late in the afternoon. The leaves, then, chopped to different sizes based on the 
developmental stage, smaller cut being for younger stage, and provided to the worm three 
times in a day (at 2:30 A.M, 8:30 A.M, and 3:30 P.M).  
 

Different Developmental and Productivity Investigation Periods 
 
Period 1, 2, 3, 4, and 5 when egg laying was commenced in early August, early October, early 
May, late April and mid July, respectively were considered as distinct continues periods for 
evaluation of eri silkworm productivity whereas period 1 and 2 when egg laying was 
commenced in late October and late April, respectively were considered as distinct periods for 
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mulberry silkworm productivity for the evaluation of productivity. The impacts of five different 
periods were used for the observation of the developmental stages. The cocoons for quality 
study were randomly picked from the mulberry and eri silkworm products during August to 
September, 2011.  The periods of data collection were the earlier in 2010 and the latter 2011.  
 

Silk Worm Productivity Evaluation 
 
The eggs from five to ten female moths were manually collected and placed on the rearing tray 
with paper bedding at the bottom of the tray. After hatching, the newly hatched larvae were 
provided with chopped leaf. As the larvae grew the required spacing and feeding was 
appropriately provided. The mature larvae of the silkworm was identified by their maturity 
characteristic and collected for mounting. The collected mature larvae were mounted on the 
chandirc mountage for cocoon spinning. The cocoons were harvested on the 5th day for 
mulberry silk worm and 7th day for eri silkworm after the commencement of spinning.  
 

Results and Discussions 
 
The developmental stages of eri and mulberry silkworms under Bako condition, western 
Oromia Ethiopia is given in figure 1 and 2, respectively. The duration of egg laying exceeded 
ten days during periods 4 and 5 for eri silkworms, and that was below ten days for period 2 and 
3 (Fig. 1). Almost similar duration was recorded for mulberry silkworms (Fig. 2). The duration 
of larval stage for eri silkworm was found to be in the range of 20 to 25 days (fig 1) across the 
five periods while the maximum larval duration, even exceeded 30 days during the period 1 
(Fig. 1) for mulberry silkworms. The pupal duration was not constant across different periods 
for eri silkworm when compared with that of mulberry silkworm. In general, the duration of 
egg laying, larvae and pupal stage showed variability both by silkworm types and different 
periods.  

 
Figure 4. Developmental stages of Eri silkworm under Bako condition, western Oromia, 

Ethiopia 
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Figure 5. Developmental stage of mulberry silkworm under Bako condition, western Oromia, 

Ethiopia 
 

Least squares means of number of eggs laid (NEL), larvae hatched (NLH), cocoons formed 
(NCF) from eri and mulberry silkworm types are presented in table 1 and 2, respectively. The 
overall mean of NEL, NLH and NCF for eri and mulberry silkworms were 354.9, 342.9, 345.0 
and 302.3, 291.9 and 269.1, respectively. These parameters showed difference among different 
production periods of a year. Suitable period for egg production and then cocoon production 
from eri silkworm was found to be period 2 and 3 which were significantly (p<0.001) different 
from the other periods. Period 1 was found to be suitable contrasted with period 2 for egg 
production and then for cocoon production from mulberry silkworm. From the overall means 
in Table 1 and 2, about 97% of the eggs laid were hatched in to larvae and 89% & 95% of the 
eggs laid were formed in to cocoons from eri silkworm and mulberry silkworms, respectively. 
After the hatching in to larvae only 8% and 2% were wasted whereas the rest larvae were 
converted in to cocoon.   
 
The weight (g) of single cocoon, single shell, single pupa and shell ratio (%) is presented in 
Table 3 from eri and mulberry silkworms. The overall weight of single cocoon, single shell, 
single pupa and shell ratio were 2.2g, 0.3g, 1.9g and 12.3%, respectively. The values for these 
parameters were statistically significant (p<0.01) between the two types of silk worms. Higher 
single cocoon, single shell, single pupa weights and shell ratio were from eri silkworm under 
Bako condition.    

 
Table 1. Least squares means of number of eggs laid (NEL), number of larvae hatched (NLH), 

number cocoons formed (NCF) from eri silkworm types under Bako condition  
 

Different periods NEL NLH NCF 
Overall mean 354.9±2.37 342.9±2.71 345.0±5.06 
Period 1 321.0±6.39ac 321.0±7.29a 321.0±12.33a 
Period 2 408.0±4.52b 390.2±5.17b 367.0±8.71b 
Period 3 419.4±4.95b 398.8±5.65bc 389.2±9.55bc 
Period 4 318.8±4.95a 310.8±5.65ad 302.6±9.54a 
Period 5 307.5±5.53c 293.5±6.32d NT 
R2 (%) 96.2 93.9 77.2 
C.V. 3.1 3.6 6.1 
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R2=tells the amount of variations by the fitted model under respective traits; C.V= is the 
coefficient of variation; means with different letter were significantly different (p<0.01). 

 
Table 2. Least squares means of number of eggs laid (NEL), number of larvae hatched (NLH), 

number cocoons formed (NCF) from mulberry silkworm types under Bako condition 
 

Different periods  NEL NLH NCF 
Overall mean 302.3±7.85 291.9±7.94 269.1±8.38 
Period 1 381.7±18.77a 376.7±18.97a 310.0±16.94a 
Period 3 281.0±14.54b 281.0±14.69b 210.8±13.12b 
R2(%) 74.3 75.6 72.8 
C.V. 11.1 11.6 11.2 
R2=tells the amount of variations by the fitted model under respective traits; C.V. =is the 
coefficient of variation; means with different letter were significantly different (p<0.01). 

 
Table 3. Least squares means of weights of single cocoon (WSC), weight of single shell (WSS), 

weight of single pupa (WSP) and shell ratio (SR) for two types of silkworms under Bako 
condition 

 
Silkworm type  WSC (g) WSS (g) WSP SR (%) 
Overall means 2.2±0.04 0.3±0.01 1.9±0.04 12.3±0.23 
Eri silkworm  3.4±0.06a 0.5±0.01a 2.9±0.05a 13.2±0.33a 
Mulberry silk worm  0.9±0.06b 0.1±0.01b 0.8±0.05b 11.4±0.33b 
R2 (%) 93.6 91.3 93.7 20.3 
C.V.  15.2 19.6 14.9 14.6 
R2=tells the amount of variations by the fitted model under respective traits; C.V. =is the 
coefficient of variation; means with different letter were significantly different (p<0.01) 
 
Reports are available, though related to Ethiopia are scanty, on sericulture research. Many of 
the reports indicated that the both the developmental stage and the productivity of silkworms 
are governed by mainly by temperature and humidity (Benchmin et al., 1989; Tribhuwan et al., 
1998; Mishra and Upadhyay, 2002; Reddy et al. 2002). Kaleem, et al, (2011) reported that varying 
sets of temperature and humidity affect silkworm productivity (both quantity and quality) as 
40 % mortality of larvae was recorded at 250C whereas development was good at 80 % R.H and 
the losses occurred as the humidity fell below 80 %. The molting, however, can be enhanced by 
decreased temperature. The different periods of the year, obviously having different 
temperature and relative humidity must have influenced the productivity and developmental 
stages of both eri and mulberry silkworms at Bako Agricultural Research Center. 
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Conclusions 
 
From the current study, it can be concluded that Bako and similar agro ecologies are promising 
for sericulture. From this preliminary study, the developmental stage of the silkworms showed 
variability between silkworm types. Additionally, silk productivity, from viewpoint of not only 
eggs productivity and hence cocoons productivity but also shell ratio, was found to be better 
from eri silkworm particularly during period 2 and period 3. The availability of naturally 
growing castor in western Oromia invites the promotion of eri silk production from eri-
silkworm. However, verification of the finding and establishing the eri silkworm supply need to 
be established for further promotion.   
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Abstract  

 
A study was conducted in Nechisar National Park, Ethiopia with the objectives of  assembling 
the information required to plan and conduct a sustainable management for the park and 
people presently living in and around the park and to present updated socio economic and 
agricultural practices of the area to assemble social and economic information required for 
land-use planning exercises. Data collected through semi structured questionnaire; semi 
structured interview and focal group discussion were analyzed and interpreted with 
appropriate techniques. There are two distinct patterns of settlement in the Park. The average 
family size in both study districts was 8.08 persons/household. The main farming activity in 
the area is mixed farming and main crops are maize, sorghum, and teff. There are two quite 
distinct patterns of exploitation of the Park by people-the cultivation of the Sermele river flood 
plain and the herding of cattle on the central plains. Only 30 % of the sampled household adult 
male family members had attained formal education, whereas all the adult female members 
attained neither formal nor informal education. Disease, shortage of grazing land, feed, and 
water were the major constraints to livestock production. Woody plants utilized for fodder, 
construction material, traditional medicine and other uses in the area. The area is rich in 
natural resources and enormous potential as tourist attraction centers but the interference 
with human being is deteriorating its potential and the future management strategy of the 
park should focus on multiple-use conservation approaches.   
 
Key words: Agricultural Practices, Multiple Use Conservation Approaches, Socio Economic, and 
Sustainable Management 

 
Introduction 

 
The park has considerable potential for the development of tourism based on game viewing 
this cannot be realized unless some reconciliation is found of the problem of human 
encroachment over the years many people have either settled in the park or converted much of 
the important habitats to agricultural land. People and their livestock already outnumber the 
large wild animals in what is a very small protected area and if the present pattern of 
exploitation continues the park as such will gradually decline. A socio-economic survey was 
carried out several years before (Ersado 1993, Solomon 1996) with a view to quantifying the 
human problem and proposing solutions. Following this report the zone administration in 
Arba Minch organized the withdrawal of commercial farming operations directed from Arba 
Minch town but the more complicated and expensive question of relocating the Kore and Guji 
Oromo people was beyond the resources available to the authorities. This survey has two 
objectives;   
 
To assemble the information required to plan and conduct a sustainable management for the 
park and people presently living in and around the park. To present updated socio economic 
and agricultural practices of the area to assemble social and economic information required for 
land-use planning exercises. 
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Material and Methods 
 

The Study Area 
 

The study was conducted in NechisarNationalPark. Nechisar National Park (also spelled as 
NechSar) is one of the National Parks of Ethiopia. Located at about 510 km away from Addis 
Ababa, in the Amaro Special Woreda and Arbaminch Zuria Woreda of the Southern Nation 
Nationalities and Peoples Regional State (SNNPRS) the east of Arbaminch, its 514 square 
kilometers of territory include the "Bridge of God" (an isthmus between Lakes Abaya and 
Chamo), and the Nechisar (English: white grass) plains east of the lakes. 
 
A proposal to establish a national park in the area was made in 1967 (Hilmann 1993). It was 
chosen because it was an area of considerable natural beauty, uninhabited and still with 
substantial numbers of wild animals all species of which except for buffalo survives to the 
present day. 
 
NechisarNationalPark was established in 1974.Since its establishment, NNP has been managed 
in various ways. Administered by a warden and staffs responsible for Ethiopian Wildlife 
Conservation Organization (EWCO), until 1995, it was governed and looked after by Ethiopia 
Wildlife Conservation Organization (EWCO). Since 1995, the responsibility of administrating 
the Park was transferred to the Government of the SNNPRS. Like most other National Parks in 
Ethiopia, NNP was financed by public fund and operated like any other civil service 
department. The economical and ecological value of NNP was not effectively developed and no 
effort was made until 2004 to establish connection between the developments made by private 
sectors and the benefit it provided to the local peoples or the Federal Government (NNP 
Annual Report, 2010). Since 2005, the African Parks (Ethiopia) P.L.C. has taken over the 
management of the NechisarNationalPark, following the contractual agreement it signed with 
the Federal Democratic Government of Ethiopia and the Government of the SNNPRS (NNP 
Annual Report, 2010). Its aim was to develop strategies for both economical and ecological 
sustainability of the Park. Again in June 2008 the SNNPRS take the responsibility to administer 
the Park. However, after February 2009, the Park management has been transferred to the 
Federal Government (EWCA) (Federal NegaritGazeta, 2009). 
 

Topography 
 

SNNPRS is located at the eastern edge of Arbaminch town, southern part of Ethiopia. The Park 
is situated at  5o 51`-6o 10` N and 37o 32`-37o 48` E with altitude ranges of 1108 m.a.s.l at Lake 
Chamo and 1690 m.a.s.l at the peak of Geda hill. It is bounded by the Amaro mountain ranges 
on the east, Lake Abaya and Lake Chamo on the north and south, respectively and Arbaminch 
town on the west. The Park covers an area of 514 km2 of which 436 km2 is covered by land. The 
remaining area, 78 km2 is water, as the Park is located in the very scenic part of the Rift Valley 
floor between the two lakes, Lakes Abaya and Chamo. The Park includes a good portion of the 
two, southern most lakes of Ethiopia and the chain of hills separating the two lakes called 
God’s bridge by local people (NNP Annual Report, 2010). 
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NNP possesses lakes, rivers, streams, and hot springs. There are a few rivers in the Park 
draining into the lakes from the escarpments in the west and east. The two major rivers are 
Kulfo and Sermelle. In addition, the Park also possesses what is commonly known as the 
"Arbaminch” means forty springs (in Amharic), which outflows from the high underground 
water table located at the western border of the Park. The springs flow into the Kulfo River. 
The Park also has hot springs on its eastern border. The rugged mountainous parts of the Park 
have a brown calcareous loamy soil derived from volcanic rocks. The plains of the NNP have 
black cotton soil with high proportion of clay (Bolton, 1970; Kirubel Tesfaye, 1985; Svitálek, 
2008). 
 

Human Settlements and Land-Use System 
 
There were only few settlers in the vicinity of the NNP during its establishment in 1974 
(Kirubel Tesfaye, 1985). Only few temporary escarpments of Guji people were seen around the 
NNP. Permanent villages on the eastern hills were also seen on the slope of Amaro Mountain, 
where they were also involved in farming activities. During the Military regime, the settlers 
inside the Park were forcefully evicted. As a result, competition between wildlife and domestic 
animals were minimized (Yisehak Doku et al., 2006). However, following the downfall of the 
Derg regime in the early 1990s, there was negative attitude towards conservation activity. 
Human interference has increased in the Park and the surrounding area since then (Hillman, 
1993; Yisehak Doku et al., 2006). 
 
As stated by Yisehak Doku et al. (2006), the high population growth during the past over three 
decades has accelerated the process of deterioration of habitats in the NNP, especially in the 
Nechisar plains. The local Guji people are pastoralists holding thousands of cattle grazing them 
on the plains. The Kore people, lead their lives partially in small scale agriculture depend on 
the Sermelle River flood plains. Their livestock ranching also contributes for habitat 
degradation in the area. Today, Sermelle riverine forest and the ground water forest are used 
for cultivation activities in the dry season and the central plain is used for grazing cattle in the 
wet season. As a result, competition between livestock and wild herbivores is intense. In 2007, 
the African Park P.L.C. has tried to evict local people from NNP area and tried to resettle them 
outside the Park. However, it was not successful. Few of the Kore people and most of Guji 
people remained within the Park in the beginning of translocation. In 2008, some of the Kore 
people who were evicted from the NechisarNationalPark area earlier returned to the Park with 
the revenge and they re-established their permanent settlements inside the NNP. 
The vegetation of the NNP area is being deliberately burned during the end of the dry season 
by the local people to increase the chance of growth of fresh fodder when it rains. Herds of 
cattle of the two ethnic groups frequently visit the plain area during the wet season and the 
Sermelle valley during the dry season to graze and to feed salty soil called “Bole” near the area 
called “Tebel” in the Park. Moreover, both these ethnic groups become highly dependent on 
the NNP resources for their day to day activities such as farming, honey collection and 
hunting. As a result of overgrazing in the Nechisar plains, it is highly degraded especially the 
northern part, Dache which is the habitat of good proportion of the gazelles and other wild 
animals. 
 



Ethiopian Society of Animal Production 2012 

 

130  
 

Scenic Nature of the Study Area 
 
NNP in particular and SNNPRS in general have enormous potential as tourist attraction 
centers. There are several recreational opportunities for tourists including wildlife viewing, 
walking and hiking, camping, baptizing in the Hot Springs (Plate 1) as well as visiting the 
Museum. Moreover, the Nechisar plain, the Crocodile market inside the Park, the forty springs, 
and the ground water forest, the lakes and the bridge of God give special scenic nature and 
recreational value of the study area.   

 
Plate 1.Hot spring inside Nechisar National Park 

 
The Park is a source foreign exchange and its scenic nature make it a good recreational area  
for both domestic and foreign tourists the number of tourists and the revenue is increasing 
continuously and rapidly for the past 15 years (Table 1).   
 
Table 4.Tourist (No) and revenue (Birr) data in Nechisar National Park from 1993/94 - 2008/09 

 

Source: NNP Annual report (2010) 
 

Year  Foreign tourists (No)  Domestic 
tourists (No)   

Total tourists 
(No)   

Revenue (Eth. 
Birr)  

1993/4  447  600  1047 27185  
1994/5  713  885  1598 42181  
1995/6  2241  1081  3322 60036  
1996/7 1035  999  2034 54029  
1997/8  1201  1286  2487 66712  
1998/9  1275  1281  2556 68811  
1999/00  1113  1066  2179 58362  
2001/02   1163  1017  2180 153255  
2002/03   1700  1329  3029 222610  
2003/04   2049  2396  4445 234813  
2004/05   1703  1716  3419 265,477  
2005/06   5113  2328  7441 639,714  
2006/07   7267  8528  15795 695,419  
2007/08   8112  12854  20966 838,098  
2008/09   8992  9607  18559 996593  
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NNP harbors a variety of mammalian, avian, amphibian, reptilian and fish fauna. There are 332 
species of birds, belonging to 71 families of 22 orders reported from NNP areas. There are 84 
species of mammals in NNP belonging to 27 families of 10 orders. Among the mammalian 
fauna, four species are endemic to Ethiopia. One of the endemic mammalian sub-species of the 
Park is the Swayne's hartebeest (Alcelaphusbuselaphusswaynei). Out of the 84 species of 
mammals in the Park, 10 species belong to the Family Bovidae of the Order Artiodactyla 
(Hillman, 1993). 

 
Methods 

 
Purposive sampling technique was used in selecting the peasant associations with the 
intention of covering those PAs with different altitudinal ranges, bordering the Park in 
different directions and different farming systems and fair accessibility. 
From the Park, key informants (especially elders) were randomly selected for the survey work 
and 8-10 farmers/pastoralists selected for group discussion. For the survey of general 
information selection of well experienced farmers/pastoralists in animal husbandry and in 
observing the browsing game animals can represent the Park area was selected to take the 
formal survey after informal survey using the PRA tools is done.  
From each 12 PAs, 10 farmers/pastoralists were randomly selected (total 120 farmers/ 
pastoralists). Semi-structured questionnaire was developed to collect data on the animal feed 
situation of the Park, the practice of feeding browse species to animals, the type and parts of 
browse species preferred, the existing problems in feeding browse plants to animals, methods 
of propagation and the traditional measures taken by farmers/pastoralists to solve problems 
associated with feeding browse species and others. Semi structured interview and focal group 
discussion was done and preference ranking of the species done by pair-wise ranking method 
for selection of the browse species for nutritional evaluation in laboratory. During the group 
discussion to prioritize the species according to their advantages in the study areas including 
their abundance in the Park, preference by animals (game and domestic), ease of browsing and 
additional uses other than feed, and others are taken in to consideration. 
 
Secondary relevant information regarding the study was collected and recorded. Pertinent 
information was collected from the officials of the Park, local Bureau of Agriculture, other 
organizations relevant for this study, and the respective local organizations.  
 

Data Analysis 
 

Descriptive statistics was used in organizing, summarizing, and describing the data. Statistical 
package for social sciences (SPSS) statistical software version 13 and other appropriate 
techniques was applied to analyze and interpret the data.  
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Results and Discussion 
 

Socio-Economic Profile of the Bordering Peasant Association 
 

There are two distinct patterns of settlement in the Park. Kore people living in the western 
foothills of the Amaro Mountains along the eastern Park boundary cultivate land along the 
Sermelle river flood plains inside the Park. No Kore villages or permanent dwellings have been 
established in the valley but temporary shelters may be constructed. The peasant associations 
to which these cultivators belong are DerbaMenena (also the name of the principal town of the 
western Amaro Mountains), the survey site of Kore’s village are Yero, Gache, Mula Wolanso 
Abulo, Alfachiho and Gumerie. The Guji Oromo on the other hand have established villages 
(with several sub-divisions) evenly dispersed throughout the Park. There are GujiOromos 
living inside and outside the Park in its immediate vicinity the study sites of the Guji Oromo 
are Tsalke, Haro-ropi, Dachie, Hitu, WedoDerba, and Ergessa. The Guji Oromo’s are 
principally pastoralists but in some villages have also started cultivation. 

 
Table 5.Profile of respondents by family size, age of respondents, sex and educational 
background of the family (percentage); (respondents: Guji =60 and Kore =60) 

 
 Xxx (what is this 

column) 
Guji (%) Kore (%) 

Family size 1-5 5.0 8.3 
6-10 80.0 83.3 
11-15 11.7 8.3 
>15 3.3 0 

 
Age of respondents <18 1.7 1.7 

19-30 41.7 35.0 
31-50 38.3 43.3 
>50 18.3 20.0 

 
Sex of respondents Male 73.3 83.3 

Female 26.7 16.7 
 

Educational background  
 

Unliterate 61.7 38.3 
Religious - 1.7 

1-4 30 28.4 
5-8 8.3 23.3 
9-12 - 8.3 

 
 

The average family size in both study districts was 8.08 persons/household with a range of 3 to 
18. The respondents ranged from as young as 17 years old to 70 years old in most PA (mean 
37±1.55 years). The majority of the respondents (78.3%) were male. This was because males 
were the head of the family and strong cultural practice limits females not to respond on behalf 
of the family. Among the respondents, 59.2% (71) did not get any formal education, 0.8% (1) 
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has religious education, 25.8% (31) primary education, and 13.3% (16) junior level and 0.8 % (1) 
high school graduate (Table 2).  
 
The main farming activity in the area is mixed farming 55.83% (67) and 44.17% (53) in livestock 
production of the mixed farming activity crop production is dominant 55.2% (37) and the rest 
44.8% (30) is livestock dominant. Around 49.2% (59) is crop livestock 6.6% (8) agro pastoral 
and 44.2% (53) pastoral livestock production system (Table 3). The main crops are maize, 
sorghum, and teff. Other crops grown in small amounts are enset (false banana), sugar cane, 
coffee, banana, citrus, chat and papaya (Table 3). 

 
Table 3.Farming, livestock production system, and average land holding and dominant crops of 
the study area 
 

  Guji (%) Kore (%) 
Main farming system  

 
livestock production 88.3 - 

mixed farming 11.7 100.0 
 

Livestock production 
system  

 

crop livestock system 5.3 95.0 
agropastoral system 6.4 5.0 

pastoral system 88.3 - 
 

Average land holding 
 

< 0.50 1.9 2.0 
0.50 13.2 7.9 
1.00 27.6 5.9 
1.50 29.5 15.7 
2.00 16.3 25.5 
3.00 7.5 31.4 

>3.00 3.8 11.8 
 

Trend in agriculture Increasing  
Decreasing  

100 
0 

53.33 
46.67 

 
Dominant crops grown  Maize Maize, Sorghum, 

Teff 
 

From the socio-economic point of view there are two quite distinct patterns of exploitation of 
Nechisar National Park by people-the cultivation of the Sermele river flood plain and the 
herding of cattle on the central plains. While there is some overlap these two activities are for 
the most part carried out by quite different people. 
 
According to the senior informants the exploitation of the Sermele is relatively recent and up 
to 1993 was mainly organized by businessmen in Arbaminch. These entrepreneurs employed 
laborers from the Ganta people to the South of the Park and organized them to cultivate cash 
crops in the Sermele valley, at Wallo on the North-west boundary of the Park and at Zedie in 
the South-west sector. At same time Kore from the western Amaro foothills were also starting 
to cultivate the Sermele valley. In 1994 the zone administration in Arbaminch intervened to 
end this purely commercial exploitation of the Park and the businessmen involved were 
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obliged to withdraw their hired laborers. The Kore however were not put under the same 
pressure because they come under the administration of the Amaro special Woreda, not 
Arbaminch. With much less pressure on the land the Kore have since then quadrupled their 
fields on the Sermele at that time. The same result is reported by Solomon Eshete 1996. Even 
they evacuate from the Park during the administration of the African Parks (Ethiopia) P.L.C. 
and no Kore permanent residence in the Park now their farm plot was continuing to produce 
perennial crops like banana, enset, chat and others and come to harvest when it reaches for 
harvesting. From the peoples perspective there was in effect no reason why they should not 
cultivate the Sermele valley even now. 
 
During the rainy season the Guji people move to the plain of the Park but they goes back in the 
dry months due to the amount of feed decreases, tick infestation and tsetse fly attack highly 
damages their cattle. In the rainy season, the herbaceous yield (biomass) increases significantly 
but the competition for resource by game and domestic animals is high. Some of the Kore 
farmers have also permanent farming plots around the Sermele River so they come to the Park 
to practice their farming activity.  
 
The other main use of Park lands by people-namely the Guji Oromo-pastoralists who have 
moved into the Park are isolated from the main body of the Guji Woreda 40 km to the east 
(Gelana Abaya Woreda) are purely pastoralists at the beginning but due to marriage and 
information exchange with the Kore peoples few of them now start cultivation of maize and 
becoming agro-pastoralists.    
 
The Guji Oromo are traditionally pastoralists which are reflected by the distribution of the 
settlements in the Park which are located so as to exploit the plains for grazing. The average 
holding per household is 20.5 heads (mainly cattle with some goats) with considerable 
variation among households (10 - 250 heads). Of course this data may underestimate the true 
value due to the innate reluctance of the people to inform cattle numbers. Virtually the entire 
area of plains is grazed. The central plains are mainly used in the wet season with most cattle 
withdrawing to more confined areas in the dry season. The cattle are subject to strong 
trypanosomiasis and tick-borne disease challenges. 
 
The main source of household revenue for Guji Oromo pastoralists was from the sale of live 
animals. Livestock is subsistence that contributes 50% of gross household revenue and was also 
in line with the former findings from the different pastoral areas of Ethiopia (Abule Ebro, 2003; 
Ahmed Bashir, 2003; Admasu Terefe, 2006; Belaynesh Debalke, 2006). 
 
For the agro-pastoralists of Kore people crop production, sales of animals and additional 
revenue generating activities are the highest contribution for household revenue. The average 
areas of land cultivated by Kore household is 1.75 ha and have relatively diverse revenue 
generating mechanisms this might be due to the relatively lower number of cattle owned by 
the agro-pastorals and that they were relatively in better situation in feeding cattle during the 
dry period using crop residues and crop aftermath from arable land. There is no culture of 
using artificial fertilizer for crop production in the area. The main livestock species reared in 
the area are cattle, goat, sheep, donkey, and chicken. On the other hand, most of the 
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pastoralists shifted their stock to small animals because of the frequent drought that resulted 
in a decreased grass cover. But for both ethnic group apiculture contributes a significant share 
of house hold income. Few of them also get income from fishing and daily laborer activities. 
Amaro-Kele Special Woreda council has forbidden the distribution of food aid among their 
people to prevent its exploitation by the unscrupulous who take advantage of food aid to divert 
their total farming effort into cash cropping of Coffee and Chat (Solomon Eshete, 1996). On the 
other hand, producing perennial cash crops like coffee and chat have lesser disturbance than 
annual crops like maize and sorghum on the land.    
 
On market days the foot traffic in the Park increases considerably. This comprises people with 
their sell materials like chat, coffee, grain, and vegetables from the Western Amaro hills to sell 
in Arbaminch they take animals too in the past but now the Park administration did not allow. 
Most people walk the whole way to Arbaminch while others take the ferry from the landing 
inside the Park at BeltieWedeb near Degabulle. In addition to foot traffic vehicles from 
Arbaminch use the Park to reach DerbaMenena, mainly to buy coffee and chat two times a 
week. So to sell their animals mostly they goes up to Gedio zone to Derasa and Yergachfe 
which take more than 3 days on foot, even they are not sure of the market condition. These 
issues must be addressed to minimize the pressure on the Park.  
 
Only 30 % of the sampled household adult male family members had attained formal 
education, whereas all the adult female members attained neither formal nor informal 
education. This represented a serious limitation to the transfer of technology and emphasized 
the importance of education that might need improvement.  
 

Livestock Production Constraints And Resource Management 
 

The respondents in the study area indicated that animal disease is a big challenge. The group 
discussions allowed to list and prioritize livestock production problems (Table 4).  

 
Table 4.Rank of problems of livestock production in the study area 

 

 

 Rank of problem for the animals 
Problems                     Cattle Small ruminants Poultry Pack animals 

(Equines) 

Shortage of feed 3 3 2 1 
Shortage of grazing land 2 2 - 3 
Health problem 1 1 1 2 
Low productivity 4 7 3 5 
Predator 7 6 4 4 
Water scarcity 5 4 - 6 
Scarcity of labour 6 5 - 7 
Others 8 8 5 8 
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In both study districts, that disease, shortage of grazing land, feed and water were the major 
constraints to livestock production (Table 4) and these constraints were similar to those 
reported in other pastoral areas of Ethiopia (Admasu Terefe, 2006; Ahmed Bashir, 2006). 
Therefore concerning bodies should generate solutions for their problems with priority to solve 
the pressure that comes to the Park due to increasing the number of livestock as adaptive and 
mitigating mechanisms for the society. 
 
The tick population and problem is severe in dry season and in grass lands than browsing 
areas. The people in the area also suggest the government or non government organizations 
(NGO) to help on eradicating the tsetse fly and tick problem, improving the health services of 
their animals, training, monitoring and technical support for improving both the feed and 
animal production and productivity Moreover, according to the respondents the assistance 
from the bureau of agriculture (BOA) is almost nil except vaccination during the incidence of 
animal disease.  
 
Local communities in the area have developed much indigenous knowledge (IK) for livestock 
production, traditional medicine and many other aspects of solving there day to day problem 
in their life. Of these, trans-humans activity or seasonal movement from place to place, 
traditional human and livestock disease treatment, feeding their animals natural mineral salt 
from the soil “Bole” which is found in a place near “Tebel” inside the Park, management of 
cattle during birth, feeding, milking process, preparation of milk products and by products and 
similarly others are all indigenous knowledge’s and experiences they developed through time.     
 
Local people living in the study area have a long lasting experience of relationship and 
interaction with each other and with the natural resources existing there. They have a well-
developed IK and a system of classifying their environment into various local categories based 
on vegetation types, seasons, landforms, and climate. The number of classification and the 
criteria used give a reasonable reflection of the depth of the local knowledge and level of 
perception. Such IK is found to be the basis for the development of modern sciences. One best 
example is the contribution of indigenous taxonomy for the development of modern taxonomy 
(Balick and Cox, 1996; Cotton, 1996). There is division of labor among the members of the 
household in both ethnic groups, which was based on age and sex. But the contribution of 
females on accepting or rejecting new technology is low it will be developed with increasing 
the chance to modern education. 
 
The resource in the area is not enough to feed all season for their animals to overcome this 
problem they have a practice of movement of cattle to other places and similar trans-humans 
activities that are highly managed and with good information of the resource available in the 
new area so only in few conditions that competition and conflict with other ethnic groups will 
happen. The natural mineral soil ‘’Bole’’ obtained near the hot spring is used as a salt-lick for 
livestock. It is claimed that livestock have to have ‘’Bole’’ soil in order to maintain good health 
and milk production. So this is the developed knowledge of feeding of necessary minerals to 
their animals which is scientifically excellent.  
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The major sources of water in the area are Lakes, rivers and wells. Sixty percent of the 
respondents take their animals to watering points within a day for the sake of the small 
ruminants but the rest 40% (48) will take within 2 (every other day) during the dry season the 
frequency of watering during the wet season relatively decreases. For most of the respondents 
the major source of water Lake Abaya is taking 3 hours to go which is about 15 to 20 km even 
for the few 10% (12) it is above that so the peoples are in need to solve also their water scarcity 
problem in the area. 
 
Related to the drylands nature of the study area, water resources both for human being as well 
as for livestock was scarce. Both ethnic group areas have been challenged with severe shortage 
of water resources. The commonly available water sources for livestock as mentioned by the 
majority of respondents were lakes, rivers and wells constructed in riverbeds and this finding 
were in some portion line with those documented by Amaha Kassahun (2006) in Somalia that 
there is no lake as a means of water there. The opportunities to improve the water scarcity 
problem are developing water harvesting structures, more spring and well establishment, 
managing the level of water used in irrigation and systematic usage of water for saving the 
available water (Like drip irrigation) in new settlement areas. In addition to the local peoples 
immense contribution most of these activities require high investment cost so it should be 
supported by GO/NGOs. 
 
There is no practice of hay making and conserving browse species for dry season in the area as 
such, opportunity of using indigenous browse is better than the native hay due to the 
availability all over the year and its multipurpose usage according to 58.3% (70) of the 
respondents but the problem associated with this is its taking much areas of their farm land, 
priority of giving for fuel (fire wood) and other uses. To develop these plants effectively there is 
a shortage of land, increment of human population, increasing tsetse fly problem in areas of 
browsing areas, lack of knowledge and experience are the major ones.  
 

Availability of Browse Foliages 
 

Certain browse species shed leaves early, while others retained leaves late into the dry season. 
Livestock herders in the area ranked those browse species which could retain leaves late into 
the dry season so that more feed could be supplied at critical times of the year when there is 
less availability of fresh vegetative biomass for feeding to livestock. The same is also true for 
wild animals. Browse species like Carisssa spinarum, Rhus natalensis, Acalypha fruticosa, and 
most Acaciasp. shed their leaves relatively early in December (Table 5) and browse species like 
Dichrostachys cinerea, Ziziphus spina-christi, Tamarindus indica, Terminalia browni and Acacia 
tortilis retain leaves for nine to ten months of the year. In areas having underground water 
most plants have foliages all year round like Balanites aegyptiaca, Cordial monoica, Croton 
macrostachyus, and Ximenia Americana. Cissus quadengularis and Euphourbia trucalii their 
stem is also highly palatable. 
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Table 56.Availability of browse foliages in different months of the year 
 

Species  J F M A M J J A S O N D 
Acacia albida - - - + + + + + + + + - 

Acacia brevispica - - - + + + + + + + + - 
Acacia mellifera - - - + + + + + + + + - 
Acacia nilotica - - - + + + + + + + + - 
Acacia oerferta - - - + + + + + + + + - 
Acacia Senegal - + + + + + + + + + + - 

Acacia seyal - - - + + + + + + + + - 
Acacia tortilis - - + + + + + + + + + + 

Acalyphafruticosa - - - + + + + + + + + - 
Balanitesaegyptiaca + + + + + + + + + + + + 

Cadabafarinosa + + + + + + + + + + + + 
Carissa spinarum - - - + + + + + + + + - 

Cissusquadrangularis + + + + + + + + + + + + 
Cordiamonica + + + + + + + + + + + + 

Croton macrostachyus + + + + + + + + + + + + 
Dicrostachyscinerea - - + + + + + + + + + - 
Euphorbia tirucalli + + + + + + + + + + + + 

Ficusvasta + + + + + + + + + + + + 
Grewia bicolor    + + + + + + + + + + + + 
Rhusnatalensis - - - + + + - - - + + + 

Syzygiumguineense + + + + + + + + + + + + 
Tamarindusindica - - + + + + + + + + + + 
Terminaliabrownii - - + + + + + + + + + + 
Ximeniaamericana + + + + + + + + + + + + 

Ziziphusspina-christi - - + + + + + + + + + + 
+ = available; - = not available                                                                                                                                                             
 
J, January; F, February; M, March; A, April; M, May; J, June; J, July; A, August, S, September; O, 
October; N, November; D, December. 

 
Feeding Preferences of Wild Animals on Various Browse Species As Perceived By Local 

Communities 
 

 The rank given for the 25 browse species is given in Table 6. The highest scored12 species from 
each PAs was selected and further ranked by Pair -wise ranking in group discussion for 
laboratory analysis and biomass estimation (Table 7).   
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Table 6.Ranking of the browse species based on relative dominance, preference, and uses in 
the representative peasant associations. Empty cells indicate no mention by the respondents. 
(from1= best to 12 = lowest) 

 
Species PA1 PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA9 PA10 PA11 PA12 Frequency 

Acacia albida 8 3 8 4      8 7 1 7(10) 

Acacia 
brevispica 

3 2 2 5 2    7  6 2 8(7) 

Acacia 
mellifera 

10 4 10 9 4 2   1 11 3 9 10(1) 

Acacia nilotica 12 5 5 7     6 1  8 7(10) 

Acacia oerferta     8      8  2 

Acacia Senegal 5 6 12 8 11 6 1   2  7 9(2) 

Acacia seyal     12 5 3 12 5 12   6 

Acacia tortilis 7 7 7 3 5 1 4      7(10) 

Acalypha 
fruticosa 

 11    4    3 2 4 5 

Balanites 
aegyptiaca 

1 1 1 2 6 3     1 1 8(7) 

Cadaba 
farinosa 

2 8 6 1 10 7   4  7  8(7) 

Carissa 
spinarum 

 12     2   4   3 

Cissus 
quadrangularis 

      5      1 

Cordia 
monoica 

      6  8 5  11 4 

Croton 
macrostachyus 

       11  6   2 

Dicrostachys 
cinerea 

      7   9  12 3 

Euphorbia 
tirucalli 

   12    10     2 

Ficus vasta    11  11 8  9   10 5 

Grewia bicolor    6  12  9  10   4 

Rhus 
natalensis 

   10  8  8 3    4 

Syzygium 
guineense 

      9  10    2 

Tamarindus 
indica 

6 9 9  1  10 7 2  10 5 9(2) 

Terminalia 
brownii 

11 10 3  7 9  4  8 4 6 9(2) 

Ximenia 
americana 

4  4  3 10 11 2 12  9 4 9(2) 

Ziziphus spina-
christi 

9  11  9  12 1 11 7 5 3 9(2) 

 PA1= Tsalke, PA2 = Haro-ropi, PA3 = Dachie, PA4 = Hitu, PA5 = WedoDerba, PA 6 = 
Ergessa, PA 7=Yero, PA8 = Gache, PA 9 = MulaWolanso, PA 10 = Abulo, PA11= Alfachiho 
and PA12 = Gumerie. 
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Ranking of the browse species based on relative dominance, preference, and uses in the 
representative peasant associations varies. In certain sites, some browses were found 
abundantly and quite different in other sites. This is in agreement with that reported by 
Brinkman et al; (1976). 
 
Pair-Wise ranking of selected Browses based on their relative dominance, preference and uses 
revealed Balanites aegyptiaca, Ziziphus spina-christi and Terminalia brownii are the 1st, 2nd and 
3rd respectively (Table 7). Parts of the browse species utilized by wild animals were leaves, 
pods, twigs, and flowers. In all browses, leaves were the plant parts mostly utilized by wild 
animals. 
 
Some browses were consumed preferentially by certain species, but not by others. Grazers like 
Burchelle zebra, Oribi, and Guenther’s dikdik were much more selective in feeding on browse 
plant species than browsing animals (browsers). Grazers generally showed a marked preference 
for browses with soft leaves, short in height and without spine. Species like Acacia albida, 
Acacia brevispica, Acacia oerfota, Acacia tortilis, Dichrostachys cinerea and Ziziphus spina-
christi due to their thorny nature and Ximenia americana due to its rough leaves, were not 
highly preferred by grazers, particularly when they were presented with other highly palatable 
species. But, wild animals like Greater kudu, Water buck, Bohor reed buck, Mountain reed 
buck, Grant’s gazelle, Klip Springer, Duiker, Bush baby, Grivet monkey, Vervet monkey, 
Colobus monkey, and Anubis baboon showed interest even for thorny browses and rough 
leaves especially when they fruit. Grazers were better than browsers at consuming many of the 
deciduous parts of the browse plants which fall to the ground. 
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Table 7.Pair-Wise ranking of selected Browses based on their relative dominance, preference and uses perceived by Group discussion in the study 
area 

 
 Acacia 

albida 
Acacia 
brevispic
a 

Acacia 
mellifera 

Acacia 
nilotica 

Acacia 
senegal 

Acacia 
tortilis 

Balanites
aegyptiac
a 

Cadabafa
rinosa 

Tamarind
usindica 

Terminali
abrownii 

Ximeniaa
mericana 

Ziziphus
spina-
christi 

Sum Rank 

Acacia 
albida 

* Acacia 
brevispica 

Acacia 
mellifera 

Acacia 
nilotica 

Acacia 
albida 

Acacia 
tortilis 

Balanitesa
egyptiaca 

Cadabafari
nosa 

Tamarindu
sindica 

Terminalia
brownii 

Ximeniaa
mericana 

Ziziphuss
pina-
christi 

1 11 

Acacia 
brevispica 

 * Acacia 
brevispica 

Acacia 
brevispica 

Acacia 
brevispica 

Acacia 
brevispica 

Balanitesa
egyptiaca 

Acacia 
brevispica 

Acacia 
brevispica 

Terminalia
brownii 

Acacia 
brevispica 

Ziziphuss
pina-
christi 

8 4 

Acacia 
mellifera 

  * Acacia 
mellifera 

Acacia 
senegal 

Acacia 
tortilis 

Balanitesa
egyptiaca 

Cadabafari
nosa 

Tamarindu
sindica 

Terminalia
brownii 

Acacia 
mellifera 

Ziziphuss
pina-
christi 

3 9 

Acacia 
nilotica 

   * Acacia 
senegal 

Acacia 
tortilis 

Balanitesa
egyptiaca 

Acacia 
nilotica 

Tamarindu
sindica 

Terminalia
brownii 

Acacia 
nilotica 

Ziziphuss
pina-
christi 

3 9 

Acacia 
senegal 

    * Acacia 
tortilis 

Balanitesa
egyptiaca 

Acacia 
senegal 

Tamarindu
sindica 

Terminalia
brownii 

Acacia 
senegal 

Ziziphuss
pina-
christi 

4 7 

Acacia 
tortilis 

     * Balanitesa
egyptiaca 

Acacia 
tortilis 

Acacia 
tortilis 

Terminalia
brownii 

Acacia 
tortilis 

Ziziphuss
pina-
christi 

7 5 

Balanitesa
egyptiaca 

      * Balanitesa
egyptiaca 

Balanitesa
egyptiaca 

Balanitesa
egyptiaca 

Balanitesa
egyptiaca 

Balanites
aegyptiac
a 

11 1 

Cadabafari
nosa 

       * Cadabafari
nosa 

Terminalia
brownii 

Cadabafari
nosa 

Ziziphuss
pina-
christi 

4 7 

Tamarindu
sindica 

        * Terminalia
brownii 

Tamarindu
sindica 

Ziziphuss
pina-
christi 

5 6 

Terminalia
brownii 

         * Terminalia
brownii 

Ziziphuss
pina-
christi 

9 3 

Ximeniaam
ericana 

          * Ziziphuss
pina-
christi 

1 11 

Ziziphusspi
na-christi 

           * 10 2 



Ethiopian Society of Animal Production 2012 

 

142  
 

Feeding on browse species by animals did not occur only during the scarcity period (dry 
season); rather it has been observed even at the peak of the wet season. In the wet season, most 
of the foliages were consumed directly from the live plant. In the dry season, leaves and pods 
from deciduous trees and shrubs were consumed after they had fallen naturally to the ground. 
These deciduous parts represented the larger quantity consumed during the first months of the 
dry season (January, February and March). 
  
These parts consisted of anything that were previously out of reach of the animals, but also of 
whatever were not palatable at the living state to some grazers, but may be consumed readily 
when shaded like foliages of Sterculia setigera and Terminalia brownii. Lowry (1995) reported 
that leaves that might be toxic or unpalatable in their living state could be less so after 
shedding, as adverse secondary metabolites might have translocated from the leaf, e.g. 
mimosine levels in leucaena leaf. He also indicated that for many native browse species, this 
leaf fall could be of higher feed value than the intact mature grasses in the system at that time. 
However, animals would have to utilize the leaves soon after it fell to avoid deterioration. 
When rain starts, all Acacia and herbs regenerate their leaves early before other browses. Some 
pastoralists observed in their locality to cut the browse species (like Terminaliabrownii) at the 
beginning of the wet season so that the plant will coppice and better retain leaves into the dry 
season and such practice was in agreement concordance with that reported by Akyeampong 
and Muzinga (1994).  
 
Parts of the browse species utilized by wild animals were leaves, pods, twigs and fruits. In all 
browses, leaves were the plant parts mostly utilized by animals. The pods of Acacia tortilis and 
Dichrostachys cinerea were important feed resources for most browsers during the dry season. 
Dried leaves were found to be more palatable for domestic animals than wet leaves but for wild 
animals there is no as such big observation in preference for browses having broader leaves like 
Teminalia brownii, Syzygium guineense, and Croton macrostachyus. This could be due to the 
withdrawal of mobilisable secondary metabolites like tannins from the leaves to other parts of 
the plant before leaf shedding (Lowry, 1995). Respondents also complained that some of the 
browse species were not palatable to their animals. Acacia oerfota had strong odour that occurs 
when the leaves are crushed, as reported elsewhere for other browse species (Nochebuena and 
O’ Donovan, 1986). Thorniness of some plants was also mentioned as a problem for grazers 
than browsing wild animals.   

 
Multiple Uses of Browse Species 

 
Woody plants utilized for fodder, construction material, traditional medicine and other uses in 
Nechisar National Park (Table 8) 

 
 
 
 
 
 



Animal Production 2012 

 

                                                                                                                                                             143 
 

Table 87.Preference ranking of woody plant uses as perceived by informants in the study area. 
Numbers show their preference rank and1 is highest use and 11 is the least 

 
 Rank  
            Woody plants use Guji Kore 
Fodder  1 1 
Construction  5 2 
Human food  3 8 
Fence  10 9 
Fuel wood & charcoal  6 3 

Traditional medicine 2 4 
Farm implement/tools  8 6 

Household utensils  4 7 
Shade and shelter 7 10 
Incense  11 11 
Bee keeping and forage 9 5 

 
Woody plants play an important role in pastoral and agro-pastoral production systems due to 
their multiple uses they provide to human beings. The inhabitants of all study districts use 
woody plants for different purposes. The primary being as a source of livestock feed. 
 
Nearly all browse species are reported to be multipurpose (Table 9). Among the 12 most 
preferred browse species all were used as a fence, fuel wood and charcoal. Beekeeping is also 
one of the major sources of income for the society and the production system is traditional 
beekeeping in big trees outside their home territory as seen in Plate 4. Balanites aegyptiaca and 
Tamarindus indica have many uses compared to the rest of the browse species (Table 9).  

 

 
 

Plate 1.Traditional bee keeping in Nechisar National Park (Acacia tortilis) 
 

Fifty percent of the browses were used for farm utilities and 67 % for traditional medicine. 
With the exception of Acacia albida, Acacia brevispica, Acacia tortilis, and Ziziphusspina-
christi, all were used for traditional medicine. With the exception of Ximenia Americana, 
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Cadaba farinosa, Acacia brevispica, Acacia mellifera,   Acacia nilotica, and Acacia Senegal all 
were used for construction. Other uses include fruits for human food, farm implements, for 
beekeeping,  household utensils, shade, walking stick, tooth brush , gum used as incense and 
others (Table 12).Similar uses of browse species were reported by Azene Bekele (2007) in 
Ethiopia and Roothaert and Franzel (2001) in Kenya.Most of the browse species were observed 
to regenerate and establish naturally, but the great human interference in the Park highly 
damage the resource and clearly seen in Balanites aegyptiaca and Sterculia setigera, of having 
few in their lower DBH class.  
 
Even though, the potential use of the browse species were known, the local communities did 
not attach great importance to their important values and so do not manage them as such 
except limited patrol by the scouts of the Park. There was an extensive deforestation for fuel 
wood especially for the town and intensification of land use for monoculture crop cultivation 
in Sermelle valley (Plate 5). 
 

 
 
Plate 2.Fuel wood production in Nechisar National Park 

 
The aim to systematically use the foliage of browse species as fodder was coincidentally related 
to the strategies of multiple uses of the resources. As a result, these browses could provide the 
nutrient requirement of the animals. Furthermore, they contribute to slow the rapid 
deterioration of the grassland areas. At the same time, they also contribute towards the 
satisfaction of the basic necessities of the local community, such as traditional medicine. 
 
Some useful plants are preferred more than others, and hence widely used and selected by the 
local peoples. Accordingly, forage/fodder species became more widely used accounting for 
86.5% of the total informants, followed by construction, fuel wood, medicinal plants, and food 
plants in both ethnic groups. This may be because the study area is mostly occupied by 
pastoralists, who have better experience and thus give more emphasis for forage/fodder species 
for their livestock feed. In contrast, Gemedo-Dalle et al. (2005) reported that forage species, 
medicinal plants, and wild food plants had the highest contribution out of the total use, which 
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ranked 1st, 2nd, and 3rd respectively. Likewise, Hussein Adel (2004) reported that food plants, 
fodder plants, fuel wood and medicinal plants stood from 1st to 4th ranks in their respective 
orders based on perceived uses.    
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Table 9.Uses of browse species perceived by local peoples in Nechisar National Park 
 

Species Fodder Construction Human 
food 

Fence Fuel wood 
& 
charcoal 

Traditional 
medicine 

Farm 
implement/tools 

Household 
utensils 

Shade 
and 
shelter 

Incense Bee 
keeping 
and 
forage 

Other* 

Acacia albida x x  x x    x  x  
Acacia 
brevispica 

x   x x    x  x  

Acacia 
mellifera 

x   x x x X    x X 

Acacia 
nilotica 

x   x x x  x   x X 

Acacia 
Senegal 

x   x x x X x  x   

Acacia 
tortilis 

x x  x x  X x x  x  

Balanites 
aegyptiaca 

x x x x x x X x x  x X 

Cadaba 
farinose 

x  x x x x      X 

Tamarindus 
indica 

x x x x x x X x x    

Terminalia 
brownii 

x x  x x x X x x   X 

Ximenia 
americana 

x  x x x x       

Ziziphus 
spina-christi 

x x x x x    x    

  
     *Others include: walking stick, tooth brush, weavinget 
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From the results of the survey and observation made during field study, the following potential 
and feasible research and/or development interventions were forwarded as part of 
recommendations: 
 The future management strategy of the park should focus on multiple-use conservation 

approaches.   
 Devising environmentally- friendly strategy for effective scaling up of products and 

productivity of those economically important tree species growing in the Park. So that 
this in turn will contribute to the conservation and sustainable use of species in the 
area because management strategies that focus on multiple-use conservation approach 
is better. 

 Education and awareness creation programs should be established for better 
understanding of uses of protected areas. 

 The peoples have too much animals to minimize the risk of unexpected animal death 
due to disease and feed shortage so improving the facility for the local peoples like 
improved health care for their animals and good market opportunity in their locality or 
nearby area should be created at that time the peoples may decrease their cattle 
number consequently the pressure in the Park will decrease.  

 All the authorities concerned, who decide to proceed with the relocation of people that 
under take before or now associated with the Park, should take account of the relevant 
recommendations, contained in the OECD guidelines. Otherwise controlling the 
interference by forceful measures have no great value as seen from the past regime so 
the peoples around and inside the Park should understand the value of the Park 
through awareness creation and solving their problems. 

 Potential traditional knowledge of the people on the diverse uses of plants should be 
strengthened for the enrichment of ethnobotanical studies of the area. 
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Abstract 

 
Thirty crossbred heifers were used for this study to evaluate the performance of cross breed 
heifers in the high lands of Horro Guduru and continuous follow up for management on 
feeding; Housing and health care were thoughlly attended. The average daily milk was as 
5.9, 6.3 and 7.1 litters/day at Shambu, Fincha and Kombolcha, respectively.  In a nut shell 
the farmers are well experienced with the technologies and starting to generate incomes 
from milk and milk product selling, so that scaling up activities has to be strengthened to 
make farmers better benefited from diary animals.  

 
    Key words: Crossbreed, Milk Yield, Housing, Feeding, Health Care, Horro Guduru 
Wollega Zone 

 
Introduction 

 
The demand in consumption of milk and milk product is steadily increasing in Ethiopia. 
Given the considerable potential for smallholder income and employment generation from 
high- value dairy products (Staal 2002), the development of the dairy sector can significantly 
contribute to poverty alleviation and nutrition in the country. Ethiopia holds a large potential 
for dairy development.  Despite the existing high potential for dairy development due to huge 
livestock resources and conducive climatic conditions, the performance of the dairy industry 
in Ethiopia has not been encouraging when evaluated against even the dairy performance of 
Eastern African countries.  The annual growth rate in cow milk production during the last 
decade (1979/80 to 1990) in Ethiopia was nearly 1% as opposed to 6.2% in East Africa and 3.3% 
in the whole of Africa. The per capita milk consumption in Ethiopia has sharply dropped to 16 
litres compared to the global average of 100 litres (Azage and Asfaw, 2004). However, the 
demand in milk consumption is steadily increasing. To this effect peri-urban dairy farms are 
growing around cities and towns (Satal and Shapiro, 1996). Ethiopia annually spends over 45 
million Birr for importation of milk and milk products. It is therefore obvious that there is 
going to be a serious shortage of milk and milk products unless both horizontal and vertical 
expansion of dairy industry needs to be seriously pursued in areas where favourable climatic 
conditions exist and feed resources are not limiting (Azage and Asfaw, 2004). Study on the 
status of peri-urban dairying in the western Oromia revealed also the high demand for 
dairying (Ulfina, et al. 2005).  The effort done by Bako Agricultural Research Center in 
demonstrating these dairy technologies around its mandate area played a significant role in 
changing the overall dairying scenario in the mandate area. Even though Horro Guduru cattle 
breeding and improvement ranch is undertaking a multiplication of 50% Horro Jersey 
crossbreds at a larger scale for distribution to farmers of the region, the technology is not yet 
demonstrated and evaluated in the area. The presence of Fincha sugar factory in the area also 
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call for livestock development sector mainly because of two reasons.  The factory provides 
considerable amount of molasses used for livestock feeding and also create a high demand for 
livestock products. On the other hand, Horro Guduru from which Horro breed is said to be 
originated and the area, from which replacement stock is bought for the improvement of the 
breed, is still unaddressed. Meanwhile, it was   important to demonstrate and evaluate these 
new germplasm with its full package before embarking the distribution at the larger scale.  
The objective of the study was to demonstrate and evaluate the performances of dairy heifers 
in the highlands of Horro Guduru and to create awareness of farmers on dairy technology. 

 
Materials and Methods 

 
Study Site 

 
The work was done in and around three towns of Horro Guduru highlands (Shambu, Fincha 
and Kombolcha).  The area is known to be mixed crop-livestock. 
 

Farmer Selection 
 
Ten Dairy farmers from each site were selected based on the following criteria. In all sites 
female candidates was at least 50%. This is because of the fact that dairy is the most gender 
related agricultural sector and also for the empowerment of the female households.  

 
The criteria were: 
 

 Willingness/Interest 
 Capability to pay the initial cost of the inputs 
 Allocate at least ½ a hectare for improved forage production 
 Experience in dairy production 
 Willingness  to pass the  technology on to others 
 Capable for record keeping (Education level) 

 
Training and Visit 

 
Training was given for the host farmers at their respective areas. The training was given by the 
dairy team (Animal production, Animal feeds, Animal health and Extension). Visits was 
arranged to expose the dairy farmers to some successful dairy projects and marketing facilities 
at Bako.  
 

Heifer Production and Management 
 
Considering the conception rate, calving rate, mortality rate and 50:50 sex ratios, one hundred 
twenty fertile Horro cows were used for heifer production. The heifers were reared on cow-calf 
management system assuming better performance than weaning system. Starting 15 months of 
age or when they weigh about 200 kg the heifers were closely observed for service (AI or 
natural).  
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Sustainability of the Program 
 

Lack of on-farm AI service was reported as primary impediment in the sustainability of small-
scale dairying. Even though the sustainability of the program largely depends on the feasibility 
and participatory nature of the program, the centre provided at least one breeding bull pen 
each site to curtail the problem of on farm breeding. More over the multidisciplinary approach 
(feeding, health care, and breeding) was proved the sustainability of the program. 
 

Data Collected 
 

Monitoring and evaluation was strictly followed at every three month interval, after the 
farmers received the heifers. 

 Daily milk yield 
 Health management 
 Advice and training (record keeping, feeding and health care) 
 Subjective standard set for general management practices 

 
Feeding 
 
Poor feeding refers only roughage 
Medium feeding refers some improved forage and concentrates feed  
Good feeding refers when the animals fed as per requirement  
 
Housing 
Good housing when well constricted with moderately with full accessory 
Medium housing refers to when not having roofing materials  
Poor housing when animals kept outside 
 
Health care 
Good health care when the farmers are vaccinated the animals annually and deformed & 
timely treated sick animals. Medium health care deforming only. Poor health care when no 
professional health care but some Ethno-veterinary practice 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ethiopian Society of Animal Production 2012 

 

154  
 

Results and Discussion 
 
The mean management parameters and average daily milk yield of crossbred heifers/cows are 
given in Tables 1 and 2. The result of this experiment showed that 77 %, 67 % and 67 % of 
participant farmers at Shambu, Fincha and Kombolcha, respectively, practice good 
management where as 11.1%, 11% and 2.2% of them used medium management practice at 
Shambu, Fincha and Kombolcha respectively. The management practices at Kombolcha are 
80%, 80% and 50% are good where as 20%, and 20% & 50% are medium. At Fincha 70%, 80% 
and 80% are managed well while the three parameters (housing, Feeding & Health care) are 
20% medium.  The results of this study revealed promising results as all of the cross breed 
heifers gave birth and are currently lactating.   
 
Table 1 Mean management parameters in three woredas of Horro Guduru Wollega 
 
Location  
 

Housing system  
 

Feeding System  
 

Health care  
 

Shambu  
 

77.7% G 
11.1% M 
11.1%P 

67% G 
11% M 
6.7% P  
 

67% G 
2.2% M 
30.8% P 
 

Fincha  80% G 
20% M  

80% G 
20% M 
 

50% G 
50%  M  
 

Kombolcha  70% G 
30% M  
 

80% G 
20% M  
 

80% G 
20% M 

 
The average milk yield of the present study was 5.9, 6.3 and 7.1 litters/ /cow day at Shambu, 
Fincha and Kombolcha respectively. Similarly, Gizaw et al. (2009) reported that the daily mean 
milk yields were 6.52, 7.81, and 11.43 litres at Bako, Gimbi and Nekemt respectively. The 
crossbred cows produce more milk at Kombolcha when compared with Fincha and Shambu. 
They differences in milk yield was due to climate and management to which animals were 
exposed in the different locations (Gizaw et al., 2009). 

 
Table 2 Average daily milk yield 
 
Location Average milk yield (L) 

Shambu 5.9 
Fincha 6.3 
Kombolcha 7.1 
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Conclusion 
 
F1 crossbred heifers/cows are adaptable and best perform in the high lands of Horro Guduru 
Wollega zone.  The result of the study indicated that the utilization of this genotype should be 
increased through effective AI services at a larger scale. Small scale dairy producer should focus 
on crossbred animal for better milk production and productivity. Additionally due attention 
should be given to forage development to solve the problems of feed shortage in the study 
area. 

 
Acknowledgment 

 
Our heartfelt appreciation goes to Shambu, Fincha and Kombolcha Live stock Development, 
Health and Marketing Office for their unreserved support. The centre is also dully 
acknowledged for vehicle and all technical support  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ethiopian Society of Animal Production 2012 

 

156  
 

References 
 

Azage Tegegne ande Asfaw Yimegnuhal. 2004. Milk production of Ada’a Liben Woreda Dairy 
and Dairy products marketing Association. ESAP News letter. Pp. 4. 
 
Central Statistics Authority, (CSA), 2004). The 2001/02 Ethiopian Agricultural Sample 
Enumeration (ESAE), Executive Summary, May, 2004, Addis Ababa, Ethiopia. 
 
Gizaw Kebede, Mulugeta Kebede, Habtamu Abera, Ulfina Galmessa and G/Egziabher 
G/Yohannes, 2009.Demonstration of dairy technologies in urban and per urban areas. 
Pp.329.Commerization of Livestock Agriculture in Ethiopia. Proceeding of the 16th Annual 
Conference of the Ethiopia Society of Animal Production (ESAP) held in Addis Ababa, 
Ethiopia, October, 5-7, 2008. 
 
Staal S.J., 2002. The competitiveness of smallholder dairy production: Evidence from sub-
Saharan Africa, Asia and Latin America. In: Rangnekar D. and Thorpe W. (ends), smallholder 
dairy production and marketing-opportunities and constraints. Proceedings of a South-south 
workshop held at NDDB, Anand, India, 13-16 March 2000. NDDB (National Dairy Development 
Board), Anand, Gujarat, India, and ILRI (International Livestock Research institute), Nairobi, 
Kenya, Pp. 250-264.  
 
Staal S.J. and Shapiro B.I., 1996. The economic impact of public policy on smallholder peri-
urban dairy producers in and around Addis Ababa. ESAP publication 2. ESAP (Ethiopian 
Society of Animal Production), Addis Ababa, Ethiopia. 57Pp. 
 
Ulfina Galmessa, Jiregna Desalegn, Alganesh Tola, Gebergziber Gebreyohannes and Mulugeta 
Kebede, 2005. Status of peri-urban dairy production system in western Oromia, Ethiopia. 



Animal Production 2012 

 

 157 
 

Evaluation of the Draught Performance of Horro Oxen under Humid Condition of 
Bako, Western Oromia, Ethiopia 

 
Habtamu Abera1, Ulfina Galmessa2, Mengistu Alemayehu3, Zewdu Wandeter3and  Chala Marera2 

 

1 Oromia Agricultural Research Institute, Bako Research centre, P. O. Box 03 West Showa, 
Ethiopia 

2 Ambo University, P.O.Box 19, W. Shoa, Ambo, Ethiopia 
3 Ethiopia Agricultural Research Institute, Holeta Research centre, P.O.Box 2003, Addis Ababa, 

Ethiopia 
Corresponding author email (HMaassee@gmail.com) 

 
Abstract 

 
A total of four pairs of Horro oxen were used for the study. The oxen were stratified into 
two groups based on the live weight and size category (280-350 kg large and 220-280 kg 
medium). In both categories all the belonging to each group of the oxen were 
supplemented 3 kg concentrates during ploughing and training periods. There was a 
significant (P<0.05) different between two groups with regard to draught force (N), 
working speed (m/s), power output (kw), work output (MJ) and lap count of the Horro 
oxen. Average draught forces exerted by Horro oxen at 1st, 2nd and 3rd cultivation were 
735.6 N, 686.2 N and 3rd 674.4N, respectively. But working speed, power output, and work 
output   were significant (p<0.05) and decreases with ploughing and maintained in the 2nd 
and 3rd passes.  Draught force was changed from start of the working period (700N) 
through 180 mints (714 N). Also the results were revealed the working speed, power output 
and work output was significant (P<0.05) between measuring time and changed with the 
working periods.  There was marked difference observed (p<0.05) for both respiration and 
pulse rate during resting and working periods. But rectal temperature did not vary across 
all measuring time (P>0.05). This study has revealed that larger frame sized Horro oxen 
were produce more force, working speed, power and work out put than medium sized 
Horro oxen. Thus, it is concluded that the draught performance of indigenous oxen will be 
improved through selection of larger frame sized of animals.   

 
Key words: Draught Performance, Evaluation, Horro Oxen  

 
Introduction 

 
Animal production in Ethiopia is based on indigenous cattle breeds. Those animals are mainly 
kept for traction purposes. The existing high level of integration between crop and livestock 
production system presupposes that without oxen for land cultivation, there would be a drastic 
drop in crop production which in turns would decreases crop residues and by product available 
for cattle (Mengistu et al., 2000). Chala et al. (2006) the primary contribution of cattle in East 
and West wallaga is used as source of draft power and account about 94.6%.   Similarly, 
Legesse et al. (1987) and Tesfaye (1991) the primary objectives of cattle rearing in the Bako 
mixed crop livestock production system is as a source of animal power. The types of oxen used 
for draft power by Ethiopia farmers are the indigenous zebu, which are small in size and 
weight only 250-350 kg on average. Because of their small size, their low working speed and 
short working hours the average output per day of a pair of oxen is quite limited (Adugna et al., 
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1991). Like any other production functions the work performance of the animals is also greatly 
related to their physiological changes. However, the work output of animal is the combination 
of draft force, speed, power and duration of work and hence for best out put the animal should 
be able to develop maximum possible draft at maximum possible speed for longer possible 
duration without the animals being strained excessively (Maurya, 1978). Upadhyay (1987) the 
individual performance capacity depends largely upon its ability to take up, transport and 
deliver oxygen to working muscles. During working, the muscles contract resulting in 
increased muscular activity which results in rapid increases in heat production placing the 
temperature regulating mechanism under stress (Osuji et al., 1997). Muscles function during 
working can be considered as collaborative achievement of respiratory and cardiovascular 
function and various system of ATP generation (Teleni and Hogan, 1989). To maintain 
satisfactory work the animal must coordinate its physiological systems in a manner that is 
compatible with homeostasis. Research works so far done in Ethiopia have been focused on 
evaluation of the indigenous breeds for milk, growth and reproduction potential. However, 
limited information is available in the area of animal traction. Therefore, this study is aimed to 
evaluate draught performance of indigenous Horro oxen and to provide possible 
recommendations for future research. 
 

Materials and Methods 
 

Study site 
 

The study was conducted at Bako Agricultural Research Centre. The Center is situated at 1650 
m above sea level (09° 06´ N and 37° 09´ E) and located about 258 km west of Addis Ababa on 
the main road to Nekemt. Bako has a hot and humid climate and receives a mean annual 
rainfall of about 1219 mm, more than 80 % relative humidity of which is recorded in the 
months of May to September. Mean monthly maximum and minimum temperatures are about 
28°C and 14°C, respectively, with 21°C of average temperature. Potential evapo-transpiration 
averages 62 mm per month.  

 
Study Animals and Managements 

 
A total of eight (four pairs) of Horro oxen were grouped into two based on the live weight and 
sized basis (large 280-350 kg) and medium (220-280 kg). Each pair of oxen was subjected to 
work for four hours a day and four days in a week during the ploughing season. In both groups 
all the oxen were allowed graze freely in a natural pasture and were occasionally supplemented 
concentrate in-group during the morning and night times. The oxen were trained for work 
prior to the beginning of the actual work.   

 
Measurements 

 
The implement used for ploughing was the local made Maresha. Draught force expressed in N 
is the force exerted by draught animals at the same time as pulling implement. This was 
measured using a dynamometer (M 862-Z 1225, Novatech equipment) with a load cell fixed in 
between the yoke and the Maresha plough. Draught force reading were taken for 5 laps at each 
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30 minutes intervals until three hours of working period in succeeding measuring i.e. 
0,30,60,90,120,150 and 180 mints. Working speed was determined by measuring the time taken 
by the oxen to cover distance of 30 meter.  Average work out put (MJ) during ploughing was 
calculated as product of draught force and distance travelled. Similarly, multiplying draught 
force and working speed determined draught power. Physiological change (respiration rate, 
Pulse rate and rectal temperature) at rest and during working periods was measured. Pulse rate 
was determined by counting the number of beats from jugular vein. The respiration rate was 
determined by counting of the movement of the flank of the animals and rectal temperature 
was determined by putting thermometer into the rectum of the animal for two mints.    

 
Statistical Analysis and Data Management 

 
The data was analyzed by GLM procedure (SAS, 2000).The fixed effects considered were weight 
category of the oxen, cultivation passes, lap number and measuring time.  

 
Results 

 
Draught force exerted by larger size oxen significantly different (p<0.05) as compared to 
medium size oxen (Table 1). This could be attributed to larger sized animals generate more 
power output than small sized animals, due to larger body frame. Draught force for different 
cultivation passes significantly (p<0.05) varies and decreases in the third ploughing (Table 2). 
Draught force produced during first, second and third ploughing was 735 N, 686 N and 674 N, 
respectively. Draught force was changed (Table 3) from start of the working period (700 N) 
through 180 mints (714 N). The results indicated that the pulling force changed throughout the 
working periods.  

 
Table1.  Draught force, working speed, power output and work output of Horro oxen of two 

sized groups 
 

Body weight Pulling force (N) Working 
speed (M/s) 

Power output 
(kW) 

Work output (MJ) 

Large 757.2 0.81 0.61 0.57 
Medium 640.3 0.68 0.42 0.45 

F-test ** ** ** ** 
    ** Significant at P<0.05 

 
The larger live weight with larger frame sized of Horro oxen travelled at speed of 0.81 m/s, 
which was faster than that of the medium sized (0.68 m/s). Due to large body frame with 
weight of the animal produce more force, power, and speed than medium size animals. Speed 
of working decreased from the first ploughing (0.79 m/s) towards the second (0.71 m/s) and 
third (0.72 m/s) ploughing, implying that higher speed was associated with a higher draught 
force (Table 2). Working speed was significantly (P <0.05) different between measuring times 
(Table 3). It was continuously decreased from 0.78 m/s during the first 30 mints of working to 
0.71 m/s when work advanced to 180 mints.  Larger live weight with frame sized Horro oxen 
generated 0.61 kW more draught power than medium live weight (0.42 kW). An average of 
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power output of Horro oxen was 0.52 kW. Draught power produced in the first cultivation 
passes significantly (p<0.05) higher than second and third passes, because of higher working 
speed experienced during the first pass (Table 2).The average work output Horro oxen was 0.50 
MJ. Work output of larger body weight of Horro oxen was significantly (p<0.05) higher than 
medium body weight of Horro oxen. Working output decreased with ploughing (Table 2) and 
measuring time (Table 3). These results should be indicated a greater efficiency of work by 
larger live weight with frame sized compared to medium frame sized animals. 
 
Table2. Draught force, working speed, power output, lap count and work output of Horro oxen 

under different cultivation passes 
 

Cultivation 
pass 

Pulling 
force (N) 

Working speed 
(M/s) 

Power output 
(kW) 

Work output 
(MJ) 

Lap count 
(No) 

1st ploughing 735.6a 0.79a 0.59a 0.57a 19a 
2nd 686.2b 0.71b 0.49b 0.49 17b 
3rd 674.4c 0.72b 0.49b 0.46b 16b 

Mean 693.5 0.74 0.52 0.50 17 
SE± 117.8 0.10 0.09 0.08 2.3 
CV% 16.1 13.6 16.9 15.5 13 

 
Table3. Draught force, working speed, power output, lap count and work output of Horro oxen 
under different measurement of time  
 
Time 
measurements 

Pulling force 
(N) 

Working 
speed (M/s) 

Power output 
(kW) 

Work out put 
(MJ) 

Lap count 

30 700.1±5.1abc 0.78±0.13a  0.55±0.011a 0.63±0.01a 22±0.1a 
60 714.5±5.0abc 0.74±0.13 b  0.53±0.11b 0.52±0.01b 18±0.09b 
90 675.10±5.0d 0.75±0.13 b  0.51±0.11b 0.46±0.01c 16±0.9b 
120 698.9 ±5.1de 0.74±0.13 b  0.52±0.11b 0.47±0.01c 16±0.9b 
150 688.7±4.9de 0.72±0.13c  0.50±0.11b 0.46±0.01c 16±0.9b 
180 714.4±4.9abc 0.71±0.13d  0.51±0.11b 0.49±0.01c 17±0.9b 
 
The mean of respiration rate was 64 breath/ mint (Table 4). The results revealed that 
respiration rate increases rapidly with cultivation passes. There was significant (P <0. 05) 
difference observed in respiration and pulse rate of Horro oxen during cultivation passes 
(Table 4). Though rectal temperature was constant across cultivation passes (Table 4).  
Working animal had higher pulse (81 beat/mints) than at rest (54 beat/mints). The pulse rate 
of draught Horro oxen was significantly (P <0.05) affected during working time than before 
working (Fig.2). The figure showed that pulse rate of draught Horro oxen was increased with 
increased rate at first time and increased at decreased rate thereafter vice verse. Also there was 
a similar result for respiration rate (Fig.1). But rectal temperature was changed from 38°C to 
39°C then constant across measuring time (Fig. 3).  
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Table 4. Pulse rate, respiration rate and rectum temperature of Horro oxen under different 
cultivation passes 

 
Cultivation pass Pulse rate 

(beats/mint)  
Respiration rate 
(breath/Mint) 

Rectum temperature (°C) 

1st ploughing 82.9±2.2  54.9±2.2  39.3±0.04  
2nd 85.9±2.2  70.4±2.2  39.4±0.04  
3rd 91.7±2.2  67.7±2.2  39.3±0.04  
Mean 86.8 64 39.4 
F-test ** ** ** 
SE± 16.6 16.4 0.33 
CV% 19 25 0.85 

 
Figure 6. Respiration rate of draught Horro oxen before and at working 

 

 
Figure 7. Pulse rate of draught Horro oxen before and at working 
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Figure 8. Rectal temperature of draught Horro oxen before and at working 

 
Discussion 

 
The average draught force of Horro oxen was 693.45 N. This findings was lower than the high 
land oxen and crossbred cows (735.18 N) reported by (Mengistu et al. 2000). But higher than 
the reports of Abiye and Mohammed (1994) the average draught force of local animals and 
crossbreds were 600 N and 680 N, respectively.  However, the draught force of larger live 
weight of Horro oxen was greater (757.16 N) than crossbred cows (728.52 N) and the high land 
local oxen (743.11 N) reported of (Mengistu et al., 2000). This results was in agreement with the 
reports of Goe (1983) indicated the traction power produced by oxen depend largely on their 
body weight. Moreover, the medium size of the indigenous Horro oxen low draught force, 
working speed, power output and works output.  Similar result was suggested by Adugna et al. 
(1991). The present study was revealed that the draught performance of indigenous oxen was 
improved through selection of higher live weight with large frame animals.  The draught force 
for different ploughing passes Horro oxen was comparable with the report of (Mengistu et al., 
2000). The findings were predicated that the draught force of the Horro oxen was decreased 
with cultivation passes (Table 2). This observation is opposite to the report of (Mengistu et al., 
2000). This report was also investigated that draught force different location varies widely, due 
to soil types, climate, training and handling of the oxen. Draught force of Horro oxen was 
maintained (Table 3) from the start of working period (700.0) through 180 mints (714.35). 
Mengistu et al. (2000) suggested similar report on high land local oxen and crossbred cows and 
pulling force sustained throughout the working period and it’s changed with the condition and 
type of the land being cultivated. Average working speed of the present reports was 0.74 m/s. It 
was, contrary to the past reports on local oxen (0.53 m/s), Simmental *local (0.66 m/s), Jersey* 
local (0.64 m/s) and Friesian *local (0.66 m/s) (Adugna et al. 1991). A higher average speed was 
recorded due to wet season (0.55 m/s) compared to dry land (0.50 m/s) (Cole and Steinbach 
1999). According to the results was obtained from this observation the work performance of 
larger live weight Horro oxen all most similar to the crossbred oxen that were reported in 
different authorizes. Even though working speed of Horro oxen were decreases across the 
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cultivation passes (Table 3). These trials were opposite to Mengistu et al.  (2000) reported that 
speed of working increasing 1st, 2nd and 3rd were 0.53 m/s, 0.55 m/s and 0.60 m/s, respectively.  
That difference was due to the soil type and the climatic condition of the experimental area. 
Working speed was significant (P <0.05) different across the measuring time (Table 3). The 
same report was available for high land local oxen and crossbred cows (Mengistu et al., 2000).  
The average working speed of the horse was 0.75 m/s for collar harness, which is higher than 
that of the Ethiopia oxen (0.40 m/s to 0.50 m/s) (Mengistu, 1999). Higher speed was observed 
at the beginning of working (0.78 m/s) which decreased to 0.74 m/s after 120 mints and was 
maintained at this speed up to 180 minutes. Similar observations were made on crossbred cows 
(Osuji et al., 1998) higher speed was observed at the beginning of working (0.70 m/s) and 
thereafter decreased to 0.64 m/s. The average power output and work output of Horro oxen 
was 0.52 kW and 0.50 MJ. This observation was higher than the report on local oxen (0.30 Kw) 
and crossbreds (0.34kw) (Abiye and Mohammed, 1994). Chala et al. (2006) the power output 
pulling a plough is dependent on their body weight, nutrition and health, soil condition, depth 
of ploughing, working speed, pass number, training of the animals and the skill of the handler. 
The present observation was lower than the Azage (1998) the average power production of a 
pair of oxen and crossbred cows is about 0.6 and o.7kw.  These results were in the range of 
local oxen (0.35 to 0.70 kW) that was reported by (Esubalew et al. 1995). In addition, Zebrine et 
al., (1994) the F1 crossbred dairy cows able to work at rate of 0.5kw.  Similarly, Mengistu et al., 
(2000) and Goe (1983) the average power output of crossbred cows (0.5 kW) and local oxen 
(0.4kw) and 0.4 to 0.7 KW, respectively. The power output and work output of Horro oxen was 
decreases with cultivation pass (Table 2). These findings was in disagreement with Mengistu et 
al. (2000) draught power produced in the 1st pass (386.2 W) was lower than in the subsequent 
(2nd; 429.8 W and 3rd; 428.6 W) passes because of lower working speed experienced during the 
first pass. Draught power was greater during the first 30 mints of working period declined and 
constant thereafter. This was in agreement with the reports of Mengistu et al. (2000). Similar 
observations were obtained for work output across the time and cultivation passes (Table 2 and 
3).  The present observation was in agreement with Osuji et al. (1998) the working animals’ 
higher heart beat than non working animals and also increased as working progressed 
increasing from 44.5 at 0 hour to 61.6 and 66.4 after 2.5 and 5 hours of work, respectively. 
Respiration rate during rest and working are presented in (fig. 1) and heart rate (fig. 2) was 
increased during working time was similar with Esubalew et al. (1995). The significantly higher 
(p<0.05) pulse rate and respiration rate during working time compared to rest is in agreement 
with Hungerford (1970), Blood et al. (1979), Esubalew et al., (1995) and Zebrine et al. (1992) 
indicating the exercise (work load) was increases these parameters.  
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Conclusions and Recommendations 
 

From the results it is revealed that larger frame size with live weight animals were produce 
more force, working speed, power and work out put than medium sized animals.  Like other 
traits of production, it seems to recommend that the draught performance of indigenous oxen 
will be improved through selection of larger frame sized of animals. Therefore, the future work 
will be including crossbred animals to determine the efficiency of work performance.     
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Abstract 

 
A survey was under taken in three kebeles of semi arid and sub humid areas of southern 
Ethiopia by interviewing 120 sheep owning households (hh) using structured questionnaire 
and the sheep production system was described, constraints to small holder sheep 
production was identified. Descriptive statistic and index ranking result of the Survey 
indicate that Kajima kebele has more private grazing land holding (P < 0.05) than others. 
Communal grazing land, road side grazing, enset and banana leaf and private pasture are 
major feed resource for sheep. Lake Awassa and tap water are permanent water sources. 
Dry season watering frequency of sheep varies from once in a day to once in four days. 
Sheep are primarily kept to generate income, distribute benefit and risk and for home 
consumption. Criteria the households consider for purchase and sale of sheep were Physical 
characteristic (coat colour, horn and tail) (46.7%), body conformation (35%), age (10.8%) 
and known local ecotype (7.5%). Reason of slaughter of sheep includes for festival (55%), at 
child birth (18.3%), wedding (12.5%), mutton for home (9%), Circumcision (5%) and for 
guest (1.7%). Farmers fatten sheep for New Year (60%), Easter (30.8%), Christmas and Arefa 
(<10%). Physical characteristics (coat colour, horn and tail)(46.7%), body conformation 
(35%), age (10.8%) and known local ecotype (7.5%),were criteria households consider in 
selecting sheep for purchase and sale. Targeted markets for fatten sheep were new year 
(60%), Easter (30.8%), Christmas and Arefa (<10%). Reasons for expansion of sheep flock in 
the future were Incentive market price, high market demand, immediate return, and ease of 
management, distribution of benefit and risk and suitability for home consumption in 
decreasing order of importance. Sheep production constrained by shortage of grazing land 
(23.3%), recurrent drought (17.5%), disease and parasite (15%), marketing (10.8%), water 
shortage (9%), lack of input, capital, extension service and predator.  

 
        Key words: Constraints, Sheep, Production System, Southern Ethiopia 

 
Introduction 

 
Sheep population in Ethiopia is estimated to be 25 million (CSA, 2008-9) and dwell in different 
agro-ecological zones of the country (EARO, 2000). Sheep have greater environmental 
adaptability, shorter production cycles and faster growth rates, ease of management, low 
investment capital and low feed requirements as compared to large ruminants (FAO, 2002). 
And are important protein sources in the diets of the poor, help to provide extra income and 
support survival for many farmers in the country (Solomon, 2008; Markos, 2006). Sheep are 
owned by small holder farmers and are kept as an integral part of the livestock subsector 
(Workneh, 2000). Lack of grazing area due to human population growth and crop land 
expansion has forced the small scale farmers of Ethiopia recognize the significance of small 
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ruminant (Adane and Girma, 2007).Attempt to improve the performance of small ruminants 
under the prevailing condition must take in to consideration their specific purpose in the 
production system and their potential under varying management levels. If small ruminant 
production improvement program is to be successful it must produce relevance to production 
system and/or increase economic return to the keepers (Otte and Chilonda, 2003). 
 
In Enset growing area of Awassa Zuria district, keeping sheep is an important component of 
the faming system which benefits the smallholder farmer in generating income in time of crop 
failure. This can be justified by higher rate of increase in sheep holding than cattle and goats 
(Tekeleyohannes, 2007).Among many of the constraints to sheep production, scarcity of feed, 
slow growth rate and high mortality, due to deficiency in nutrients and micro-nutrients and 
gastro-intestinal parasites have been recognized (Markos, 2006 Vatta et al., 2004) together 
with poor management of nutrition, health and breeding. According to Getahun (2008), 
Tsedeke (2007) and Endesaw (2007) small ruminants are playing an important role in the 
economy of farmers in the high lands of southern mixed farming system of Ethiopia. Potential 
benefits of small ruminants’ enterprise in the area can be further exploited through aiming at 
their preferred characteristics and selected holiday markets. 
 
Mostly the export market collects sheep and goats from the rift valley area of Ethiopia which 
include arid and sub humid areas of the region. There is no enough information on sheep 
production system in the study area. These make investigation of production system having a 
very great economic advantage to the small scale farmer in the area. And enable to design 
options through which sustainable export sheep supply to the country will be granted through 
identification of sheep production problems. So the current study was conducted to describe 
sheep management system, identify socio economic significance of sheep to small holder 
farmer and to pin point sheep production constraints in arid and sub humid areas of the 
southern Ethiopia. 
 

Materials and Methods 
 

Description of the Study Area 
 

The studies were conducted at Awassa Zuria of southern Ethiopia .The Area is located 
approximately 35 km south of Awassa. The district has three kebeles namely Umbolo-wacho 
peasant association, Umbulo Tankaka and Umbulo kaji ma peasant associations of Awassa 
Zuria district. The area has two agro ecological zones, Kola (Arid) has an altitude range of 1500 
meters above sea level and 1800 meters above sea level with arrange of annual rain fall between 
300-700 mm and an average temperature 260c. And weynadega (sub-humid) has an average 
annual rain fall 700-1000 mm, with altitude range of 1800 m asl-2300 meters above sea level 
and an average temperature of 220c (Diagnostic survey, 2003; FAO.2003). 

 
Methodology 

 
Survey of sheep production system was conducted from February 15-March 15, 2009 in the 
three kebeles located in two agro ecologies (Arid and sub humid). Kajima and Tankaka located 
in the arid while Wacho in sub humid agro ecology of the study area in Awassa Zuria district 
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were selected. A total of 120 households, 40 households from each kebele were selected 
purposively based on the household’s possession of sheep. The data was collected using 
structured questionnaire. Major information collected and assessed in the survey include, land 
holding of the farmers, feed resource and grazing practice, sheep holding, composition and 
entry and exit of sheep, purpose of keeping sheep, housing, sheep and sheep products 
marketing,  culling criteria for sheep  and sheep production constraints. Young enumerators 
who are university students and who know the farming system of the area, the local language 
(Sidamigna) and English language more over willing to participate in the work were selected. 
Before data collection enumerators were given training by the researcher.   

 
Data Analysis 

 
The data was analyzed using SPSS version 16. The data was analyzed using SPSS version 16. 
Kebeles (PAs) in the woreda were used as independent factors. And Index method was used for 
ranking. 

Result and Discussion 
 

Land Holding of Farmers 
 

The total land holding and land use of the three kebeles studied are presented in table 1, the 
average land holding in the watershed was 1.128±0.055 ha/hh ranging from 0.25 ha- 3.00 ha. 
Land allotted to crop production was 0.902±0.038 ha, to private natural pasture 0.211±0.020 ha 
and fallow 0.007±0.038 ha. The present result is similar to the current survey were reported by 
Assefa (2007), Senbeto (2006); Markos (2000). 

 
Table 1. Mean ± S.E of land holding per house hold and land use in the three kebeles of study 

area 
 

 
*a b c means within a row with different letters are significantly different at P<0.05.                                                   

 
 
 
Land type 

              Mean land holding per HH by kebele  
 
Average holding          
(ha) 

Kajima (ha) Wacho (ha) Tankaka (ha) 
Mean ± S.E Mean ± S.E Mean ± S.E 

Total land 1.18±0.107 0.946±0.076 1.259±0.096 1.128±0.055 

Crop land 0.959±0.075 0.808±0.053 0.94±0.69 0.902±0.038 

Private grazing 
land 

0.217±0.039a 0.127±0.028b 0.287±0.36a 0.211±0.020 

Fallow land 0.005±0.005 0.001±0.001 0.015±.011 0.007±0.038 



Ethiopian Society of Animal Production 2012 

 

170  
 

There was no significant difference in average land holding and land allocated for crop among 
the three kebeles of the study area. There was however, a slight difference (P <0.05) in land 
allocated to private grazing land among the three kebeles, Wacho having the lowest. This 
result agrees with previous reports Assefa (2007); Senbeto (2006) and Fiona et.al. (2007).The 
predominant crop in the watershed area is maize usually inter cropped with haricot bean. 
Maize grain is one of the stable foods for peoples in the watershed. Others crops grown in the 
area are Enset, sugarcane, chat and sweet potato. The main cash crops in the area were chat 
and sugar cane. 
 
Small land holding is related to large population density. More land is allocated to crop 
production as compared to natural pasture. The number of households having fallow land is 
small which implies that land is one of the scarce resources. So focusing on small ruminant 
production like sheep production as compared to large ruminant is a solution to the shortage 
of land. For instance, the area required to keep one cow could be sufficient for 6 ewes. This 
argument is justified by the increase in sheep production as compared to both cattle and goats 
in the study area (Tekleyohannes, 2007). The large family size in the watershed may be 
attributed to polygamy and lack of awareness of family planning. 

 
Feed Resource and Grazing Practice 

 
The predominant feed for sheep in the study area were natural pasture from communal 
grazing, road side grazing and private grazing land. Though the amount of land allocated for 
grazing is small to maintain all the livestock the farmers have for all year round, sheep and 
other livestock have access to the private grazing land irrespective of season. Small private 
grazing land holding could be justified through the emaciated appearance of the livestock in 
the study area. 
 
Sheep feed on crop residues especially maize Stover and Enset leaf in the dry season.  In the 
wet season sheep graze on the road side because most of the lands is covered with crop. As a 
result of the above conditions death of lambs in the dry season is a very common phenomenon 
in the three kebeles of study area. 
 
Sheep are allowed to graze for about eight hours daily in the study area similar to many places 
of mixed farming system in the high land of southern Ethiopia. Sheep starts grazing at 9 am 
local time and graze up to noon and stay in shed to overcome the scorching sun and are turned 
back at 2 pm local time and graze up to 7 pm in the evening. Sheep graze together with other 
livestock and priority of supplementary feeding is given to milking cow and oxen than sheep.   
 
The traditional grazing calendar for a day may have its own contribution on water economy of 
the sheep. Because large number of livestock visits the lake side daily the grass around Lake 
Awassa is over grazed. Lower level of communal grazing could be related to land scarcity 
because of high human population and excessive amount of cultivation. The recurrent drought 
has aggravated the scarcity of feed resource for livestock. 
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Sheep Holding In the Study Area 
 

Breeding females (ewe plus female lambs 6-12 months of age) were 40.37% of the total sheep 
flock in the watershed, which was followed by  male and female lambs between 3 to 6 months 
of age (28.89%);  lamb up to 3 months of age (22.96%);  rams (4.44%) and castrated male 
(3.33%). The results obtained were in agreement with the result reported by Tsedeke (2007) 
from a study conducted in Adilo. 
 

Entry and Exit 
 

Purchase and new lambing were the major means of entry of sheep into the flock in the study 
area. On the contrary family inheritance and gift were not common practices as a means of 
entry into the flock .Death and sale were common ways of exit from the flock. Sales of sheep to 
purchase farm inputs for planting and during festivals were common. Another means of exit 
includes slaughter for home consumption. Conversely, festivals and harvesting periods are the 
two major times of purchase of sheep by the interviewed farmers. 
 
Unlike other areas, gift, share arrangement and breeding arrangements were not practiced here 
as a means of exit from the flock. The farmers in the study area own the sheep they manage. 
Ownership of flock through share arrangement was not common. The present findings are 
comparable to the reports of Endeshaw (2007), who indicated those youngsters who just got 
married start animal production as a part of their farming activity by purchasing small 
ruminants in Dale. Small number of rams for larger number of ewes was clearly seen to be one 
problem for efficient reproduction of sheep in the study area. But farmers overcome the 
problem by sharing ram among neighbours and/or owners of ewes by taking their ewes to the 
ram and get service. 
 

Purpose of Keeping Sheep 
 
Table 2. Index ranking of purpose of keeping sheep by the farmers in Umbulo Wacho 
watershed  

Index=sum of all single purpose ranks[(6 for rank 1)+(5 for rank 2)+(4 for rank 3)+(3 for rank 
4)+(2 for rank 5)+(1 for rank 6)]divided by sum of all weighed purpose. Others =keeping sheep 
for manure and sacrifice in case of rituals. 
 

 
Purpose 

Ranking of  purpose of keeping sheep  
Index 1st 2nd 3rd 4th 5th 6th 

Sale (Income generation) 37 35 35 9 0 0 0.24 
Distribution of benefit and risk 26 40 33 16 4 0 0.23 
Home consumption of meat 22 16 29 34 10 0 0.2 
Saving  18 15 16 27 3 0 0.18 
Socio cultural function 0 0 4 9 77 6 0.09 
Others  2 0 0 5 8 93 0.06 
Total 105 109 117 115 102 99 1 
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The result of index ranking indicated that sale (immediate cash generation) of sheep for 
payment of children school fee, purchase of input for the farm, or health care for the family as 
a purpose of keeping sheep ranks first. Maintaining sheep for distribution of benefit and risk 
with other livestock in time like disease outbreak ranks second. The third rank was sheep as 
meat consumption by the house hold that is use of sheep meat to fill the protein requirement 
gap in the family. Fourth rank was use of sheep as a saving capital in case of crop failure.  
Keeping sheep for the purpose of manure to maintain soil fertility and sacrifice in time of 
cultural rituals rank fifth. The present result was in agreement with the result obtained by 
Belete (2009), Getahun (2008), Endeshaw (2007), and Tsedeke (2007) in the high lands of the 
country. 

 
Housing of Sheep 

 
Bringing sheep indoor in the study area was practiced during night time for protection of 
sheep from predator and thieves. Keeping sheep in door also done at noon when the scorching 
sun hits the ground. Sheep and other livestock share a house together with the family in the 
three kebeles of the study area unlike other places where livestock have their own separate 
house or coral. This kind of housing favours spread of contagious disease from one species of 
animal to another and from animal to human beings (Tuberculosis). 

 
Watering Frequency of Sheep 

 
 Results obtained from the present study with respect to watering frequency of sheep are 
indicated in Table 3. The result indicated that there was a significant difference in watering 
frequency during wet and dry periods among the three kebeles of the study area. The watering 
frequency for Tankaka was higher than both Kajima and Wacho in both seasons. This is 
because farmers in Tankaka are closer to both tap water and Lake Hawassa as compared to 
those farmers in Kajima and Wacho. 
 
Of the total respondents, 50% deliver water to sheep in two days interval in the dry season, 
33.3% in three days interval, and 16% in more than four days and less than 1% every day (Table 
3). Water is one of the major constraints of sheep production in the study area, especially in 
dry season. Distance to permanent watering point, drying of watering sources and delivery of 
water with priority to milking cow than sheep are some of problems in sheep production in the 
three kebeles. 
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Table 3. Watering frequency of sheep and reasons of water problem in the three kebeles of the 
study area 
 

 
 
Particulars 

Kebeles  
Over all 
N        
(%) 

 
χ2- 
value 

 
 
 p-
value 

Kajima, 
N (%) 

Wacho, 
N (%) 

Tankaka, 
N (%) 

 
Reasons 
for  
water 
problem 

Drying of water 
source 

18(15) 17(14.2) 21(17.5) 56(46.5) 0.87 0.65 

Far distance from 
watering point 

15(12.5) 18(15) 13(10.8) 46(38.3) 1.34 0.512 

Priority for other 
livestock than sheep 

7(5.8) 5(4.2) 6(5) 18(15) 0.39 0.82 

Wet 
season 
watering 
frequency 

Any time needed 6(5)b 7(5.8)b 37(30.8)a 50(41.7) 63.8 0.00 

Once a day 34(28.3)a 33(27.5)a 3(2.5)b 70(58.3) 

Dry season 
watering 
frequency 

Once a day 0 0 1(0.8) 1(0.8) 16.6 0.011 
Once in two days 14(11.7)c 17(14.2)b 29(24.2)a 60(50) 

Once in three days 18(15)a 14(11.7)b 8(6.7)c 40(33.3) 
Four days and more 8(6.7)a 9(7.5)a 2(1.7)b 19(15.8) 

*a b c super scripts within a row with different letters are significantly different at p<0.05 
 

Marketing of Sheep and Sheep Skin 
 
About 72.5% of the respondent market sheep based on eye estimation of the weight and 
traditional condition scoring of the sheep. Whereas 21.7% on basis of live weight using scale 
and 5.8% using both live weight and estimation (Table 4). Most of the respondent use eye 
estimation for purchase and sell of sheep. They believe that eye estimation (traditional 
condition scoring by farmers) is the method which saves time and energy. More over most 
purchasers like this method than price setting based on live weight. This may be because the 
farmers believed that they will fetch better price through estimation than use of weight scale. 
Sheep marketing Constraints include seasonality of price and the involvement of unwanted 
brokers’ interfering in the purchase and sale of sheep. This may have an impact on the farmer 
not getting the price they deserve for sale of sheep (Table 4).Half of market information of 
sheep comes from visitors but a few from traders (Table 4). Market information from traders 
and visitor has its own impact on profitability of product brought to market by farmers. Buyers 
are often price setters in the study area. Major problems related to marketing of sheep in the 
area includes, seasonality of market, un- wanted brokers dis-order and high taxation rate. 
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Table 4. Method of sheep sale, reasons of marketing problem and source of market information 
 
 Kebeles   

 
χ2-value 

 
 
p-value 

 
Particulars 

 Kajima Wacho Tankaka 
 N (%) N (%) N (%) Over all 

N (%) 
 
Method of 
sheep sale 

Based on live 
weight 

9(7.5) 5(4.2) 12(10) 26(21.7) 4.24 0.38 

By estimation 29(24.2) 33(27.5) 25(20.8) 87(72.5) 

Both  2(1.7) 2(1.7) 3(2.5) 7(5.8) 

 
Reason to  
Prefer 
estimation 

Avoid mischief 3(2.5) 7(5.8) 5(4.2) 15(12.5) 3.88 0.423 

Most purchaser 
like it 

33(27.5) 30(25) 28(23.3) 91(75.8) 

Save time and 
energy 

4(3.3) 3(2.5) 7(5.8) 14(11.7) 

 
 
Marketing 
problem 
 
 

Tax burden 6(5)b 17(14.2)a 2(1.7)c 25(20.8) 21.98 0.001 
Broker dis 
order 

9(7.5)b 6(5)c 11(9.2)a 26(21.9) 

Seasonality of 
market 

21(17.5)b 11(9.2)c 24(20)a 56(46.7) 

Lack of market 
information 

4(3.3)b 6(5)a 3(2.5)b 13(10.8)   

Source of 
Market 
information 

Trader 5(4.2) 6(5) 6(5) 17(14.2) 0.4 0.93 
Visitor 35(29.2) 34(28.3) 34(28.3) 103(85.8)   

*a b c super scripts within a row with different letter are significantly different at p<0.05 level  
 
Result obtained on sheep skin marketing in the study area indicated that almost all of the 
respondent sell sheep skin for a price ranging from18 - 20 Birr/skin. The respondents sell the 
sheep skin to agents at Yerba, Shamena, Awassa, Belela and sub agent with in the farmer’s 
locality (Table 5). Agents in Yerba took the lion share for sheep skin purchase. 
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Table 5. Skin marketing system in the three kebeles of study area 
 
 
 
Particulars              

Kebeles  
Over all      
N (%) 

 
χ2-  
value 

 
 
p-
value 

Kajima 
N (%) 

Wacho 
N (%) 

Tankaka 
N (%) 

Sale of skin of sheep 39(32.5)a 33(27.5)b 39(32.5)a 111(92.5) 8.65 0.013 

 
Price of 
sheep 
skin 

18 birr 11(9.9) 13(11.7) 16(14.4) 40(36) 7.75 0.1 

19 birr 12(10.8) 12(10.8) 5(4.5) 29(26.1) 

20 birr 16(14.4) 8(7.2) 18(16.2) 42(37.8) 
 
 
Where  
you sell 
skin of 
sheep 

Sub agent in my 
locality 

0 0 1(0.9) 1(0.9) 11.7 0.17 

Agent in Awassa 0 0 2(1.8) 2(1.8) 

Agent in Shamena 0 0 2(1.8) 2(1.8) 

Agent in Yerba 39 (35.1) 33(29.7) 33(29.7) 105(94.6) 

Agent in Belela 0 0 1 1 

Sheep 
skin 
marketing 
problems 

Lack of market 
information 

20(16.7) 19(15.8) 19(15.8) 58(48.3) 0.07 0.97 

Lack of local 
organisation for 
collection and  
processing 

12(10) 8(6.7) 13(10.8) 33(27.5) 1.7 0.42 

Lack of capacity 
building in processing 
of sheep skin 

8(6.7) 6(5) 7(5.8) 21(17.5) 0.35 0.85 

*a b c super scripts within a row with different letters are significantly different at P <0.05, 
figure in brackets are percentages. 
 

Targeted Market for Fattened Sheep 
 

The selection of target market for selling fattened sheep in the study area was presented in the 
Table 6. The result indicated that more than half of the Fattening of sheep targets new- year 
market, followed by Easter, but a few targets Christmas and Arefa market. This is because new 
-year (Fichae, Chambala) has particular significance to the Sidama ethnic group.  
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Table 6. Selection of target markets for selling fattened sheep 
 
 
Time 

Kebeles  
Overall 
N (%) 

 
χ2-  
value 

 
 
p-value 

Kajima 
N (%) 

Wacho 
N (%) 

Tankaka 
N (%) 

New year market 27(22.5) 22(18.3) 23(19.2) 72(60) 1.5 0.48 
 
Easter 

 
11(9.2) 

 
13(10.8) 

 
13(10.8) 

 
37(30.8) 

 
0.31 

 
0.86 

 
Christmas 

 
2(1.7) 

 
3(2.5) 

 
3(2.5) 

 
8(6.7) 

 
0.27 

 
0.88 

 
Arefa 

 
0 

 
2(1.7) 

 
1(0.8) 

 
3(2.5) 

 
2.05 

 
0.36 

Figures in brackets are percentages. 
 

Selection Criteria for Fattening Sheep for Marketing 
 

The result pertaining to the criteria of the selection of sheep are presented in table 7. The 
result from the table indicated that physical appearance is used by nearly half of the 
respondents, conformation by 35 % of them, age and breed by a few of them. Of physical 
characteristics, farmers base their selection on colour, body length, tail size and appearance, 
horn presence and appearance and ear size and shape in decreasing order of importance. 
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Table 7. Method of selection of sheep for fattening and purchase preference 
 
 
 
Selection criteria 

Kebeles  
Overall 
N (%) 

 
χ2-  
value 

 
p-value Kajima 

N (%) 
Wacho 
N (%) 

Tankaka 
N (%) 

Physical characteristics 15(12.5) 18(15) 23(19.2) 56(46.7) 3.28 0.194 
 
Conformation 

 
22(18.3)a 

 
12(10)b 

 
8(6.7)c 

 
42(35) 

 
11.43 

 
0.003 

 
Age  

 
5(4.2) 

 
7(5.8) 

 
1(0.8) 

 
3(10.8) 

 
4.8 

 
0.089 

 
Breed 

 
1(2.5) 

 
5(2.5) 

 
3(2.5) 

 
9(7.5) 

 
2.8 

 
0.24 

        
 
 
Physical 
characteristics 

colour 13(10.8) 18(15) 19(15.8) 50(41.7) 2.13 0.35 

Body 
length 

8(6.8) 13(11) 9(7.6) 30(25.4) 1.6 0.45 

Tail  10(8.4) 8(6.7) 9(7.6) 28(22.7) 0.34 0.84 
Horn 5(4.2) 3(2.5) 0 8(6.7) 5.2 0.073 
Ear  2(1.7) 2(1.7) 1(0.8) 5(4.2) 0.43 0.8 

*a b c scripts within a row with different letter are significantly different at p<0.05, figures in 
brackets are percentages. 
 

Reasons of Sale and Purchase of Sheep 
 
The result related to the purpose behind, the disposal and purchase of sheep by the respondent 
farmers are presented in Table 8. The result indicated that the farmers mostly sell their sheep 
for urgent cash need. Farmers prefer to sale castrated animals first and then rams. They do not 
sell ewes for cash. Endeshaw (2007) also reported similar result on goat production and 
marketing system in Dale district which is adjacent to the study area. Ewes and female lambs 
are purchased for reproduction but male lambs for mutton. Purchase of rams for breeding 
purpose is mostly done from farmers in the neighbourhood and/or nearby Kebeles 
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Table 8. Purpose, place and reasons of sales and purchase of sheep in the last 12 months of the 
study period 
 
 
 
Particulars  

Kebeles  
Overall 
N (%) 

 
χ2-  
Value 

 
p-
value 

Kajima 
N (%) 

Wacho 
N (%) 

Tankaka 
N (%) 

Sale/purchase of sheep 39(32.5) 37(30.8) 39(32.5) 115(95.8) 1.67 0.43 
 
 
 
Reason 
of sales  

purchase farm 
inputs 

11(10.2) 9(8.3) 15(13.9) 35(32.4) 14.8 0.063 

school fee 16(14.8) 17(15.7) 21(19.4) 54(50) 
family and 
animal health 

 
4(3.7) 

 
7(6.5) 

 
0 

 
11(10.2) 

purchase of 
food 

4(3.7) 3(2.8) 0 7(6.5) 

pay back credit 1(0.9) 0 0 1(0.9) 
 
 
 
 
 
Sales 
market 

Farmer in same  
village 

2(1.9)a 0 0 2(1.9) 46.2 0.00 

Farmer in 
nearby village 

0 1(0.9)b 12(11.1)a 13(12) 

Yerba market  15(13.9)c 27(25)a 22(20.4)b 64(59.3) 
 
Shamena 

 
19(17.6)a 

 
7(6.5)b 

 
2(1.9)c 

 
28(25.9) 

 
Belela  

 
0 

 
1(0.9) 

 
0 

 
1(0.9) 

 
 
Purpose 
of 
purchase 

Slaughter for 
festival 

4(5.3) 4(5.3) 12(15.8) 20(26.3) 11.99 0.062 

Slaughter for 
ritual 

0 6(7.9) 1(1.3) 7(9.2) 

Breeding 11(14.5) 13(17.1) 13(17.1) 37(48.7) 
 
Fattening 

 
3(3.9) 

 
4(5.3) 

 
5(6.6) 

 
12(15.8) 

 
 
Purchase 
markets 

Farmer in same 
village 

1(1.3) 0 2(2.6) 3(3.9) 10.98 0.089 

Farmer in 
nearby village 

11(14.5) 6(7.9) 15(19.7) 32(42.1) 

Yerba 4(5.3) 15(19.7) 9(11.8) 28(36.8) 

Shamena 2(2.6) 6(7.9) 5(6.6) 13(17.1) 

*a b c super scripts within a row with different letters are significantly different 
at p<0.05 level of significance, figures in the brackets are % ages. 
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Time of Sheep Slaughter in the Watershed Area 
 
The result related to the time of slaughter of sheep in the study area presented in Table 9. The 
result from this table indicated that farmers prefer to slaughter male sheep over female sheep 
for festival, at child birth, wedding and circumcision. Some farmers slaughter sheep when 
sheep in the flock attain slaughter age/weight, which indicate that sheep serve as a protein 
source for poor farmers. Accordingly slaughter of sheep for festival comes first followed by 
home consumption, wedding, slaughter at child birth in the family, at the time circumcision 
and when a very close relative come to their home as a guest in decreasing order. From the 
finding it can be inferred that consumption of sheep mutton is consumed by the small scale 
farmer for the reasons indicated in (table.9). This had an important contribution in filling the 
gap in protein requirement of the small scale farmers.  
 
Table 9. Time of slaughter of sheep in the three kebeles of the study area 
 
 
 
Time of  slaughter 

Kebeles  
Overall N 
(%) 

 
 
χ2-value 

 
 
p-value Kajima 

N (%) 
Wacho 
N (%) 

Tankaka 
N (%) 

For festival 17(14.2)b 12(10.0)c 37(30.8)a 66(55.0) 56.1 0.00 
 
Mutton for home 

 
1(0.8)b 

 
8(6.7)a 

 
0.0 

 
9(7.5) 

 
Wedding 

 
9(7.5)a 

 
6(5.0)b 

 
0.0 

 
15(12.5) 

 
At child birth 

 
13(10.8)a 

 
9(7.5)b 

 
0.0 

 
21(18.3) 

 
For guests 

 
0.0 

 
2(1.7)a 

 
0.0 

 
2(1.7) 

 
Circumcision 

 
0.0 

 
3(2.5)a 

 
3(2.5)a 

 
6(5.0) 

  

*a b c super scripts within a row with different letters are significantly different at p<0.05. 
 

Culling Of Sheep from the Flock 
 
Sheep were culled based on sickness, reproductive failure, old age, physical defects and un-
wanted colour ranked in decreasing order of importance (Table 10). 
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Table 10. Index ranking for reason of culling of sheep from the flock in the study area 
 
 
 
Reason  

Rank of farmers response 
 

 
 

Index 1st 2nd 3rd 4th 5th 
Sickness 56 54 13 0 0 0.29 
 
Reproductive failure 

 
34 

 
57 

 
18 

 
14 

 
0 

 
0.26 

 
Old age 

 
11 

 
1 

 
61 

 
30 

 
18 

 
0.18 

 
Physical defect 

 
14 

 
4 

 
22 

 
70 

 
9 

 
0.17 

 
Colour 

 
6 

 
7 

 
3 

 
10 

 
96 

 
0.1 

Total  121 123 117 124 123 1 
Index=sum of all single culling reason ranks[(5 for rank1)+(4 for rank2)+(3 for rank3)+(2 for 
rank4)+(1 for rank 5)]divided by sum of all weighed culling reasons mentioned by the 
respondent. 

Flock Size of Sheep 
 
The result pertaining to the flock dynamics in the study area presented in Table 11. The result 
indicated that the farmers are interested to increase flock size of sheep firstly because of higher 
market price obtained by sell of sheep. Secondly high market demand for sheep in the study 
area. Thirdly fast return obtained from sheep as compared to large ruminants.  And lastly 
because of ease of management of sheep and suitability for home slaughter (Table 11). 
Endeshaw (2007) also reported that the market demand for sheep was greater than for goats in 
Dale district of Sidama zone. 
 
Table 11. Reasons for expanding sheep flock in the future 
 
 
Reasons 

Rank of farmers response  
Index 1st 2nd 3rd 4th 5th 6th 

 
Incentive market price 

 
42 

 
45 

 
13 

 
12 

 
9 

 
0 

 
0.23 

 
High market demand 

 
36 

 
43 

 
10 

 
12 

 
13 

 
6 

 
0.21 

 
Immediate return 

 
9 

 
18 

 
72 

 
52 

 
9 

 
2 

 
0.2 

 
Ease of management 

 
12 

 
9 

 
14 

 
46 

 
32 

 
6 

 
0.15 

 
Distribution of benefit and risks 

 
16 

 
7 

 
7 

 
29 

 
54 

 
8 

 
0.14 

 
Suitable for home slaughter 

 
4 

 
1 

 
3 

 
10 

 
6 

 
91 

 
0.07 

Total 119 123 119 121 123 113 1 
Index=sum of all single expansion reason ranks[(6 for rank1)+(5 for rank2)+(4 for rank3)+(3 for 
rank4)+(2 for rank 5) +(1 for 6)]divided by sum of all weighed expansion reasons mentioned by 
the respondent. 
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Sheep Production Constraints in the Area 
 
The result pertaining to constraints of sheep production system in the study area were 
indicated in Table 12. The result indicated that  major sheep production constraints mentioned 
by the respondents in the watershed area includes, shortage of grazing land, drought, disease 
and parasites, marketing problem, lack of input, capital credit, lack of extension, lack of 
modern sheep production technologies predators and shortage of labor in decreasing order of 
importance. 
 
Table 12. Constraints of sheep production in the three kebeles of the study area 
 
 
 
Problem 

Kebeles  
Overall 
N (%) 

 
 

χ2- 

Value 

 
 

p-value 
Kajima N 

(%) 
Wacho N 

(%) 
Tankaka N 

(%) 

Shortage of grazing 
land 

10(0.25) 8(0.2) 10(0.25) 28(23.3) 0.373 0.830 

 
Drought 

 
6(0.15) 

 
7(0.175) 

 
8(0.2) 

 
21(17.5) 

 
0.346 

 
0.841 

 
Disease and parasite 

 
4(0.1) 

 
6(0.15) 

 
8(0.2) 

 
18(15) 

 
1.569 

 
0.456 

 
Marketing 

 
6(0.15) 

 
4(0.1) 

 
3(0.075) 

 
13(10.83) 

  

 
Water shortage 

 
4(0.1) 

 
3(0.075) 

 
4(0.1) 

 
11(9.166) 

  

 
Lack of input 

 
2(0.05) 

 
4(0.1) 

 
2(0.05) 

 
8(6.67) 

  

 
Lack of capital 

 
2(0.05) 

 
2(0.05) 

 
3(0.075) 

 
7(5.83) 

  

 
Lack of extension 

 
2(0.05) 

 
2(0.05) 

 
1(0.025) 

 
5(4.17) 

  

 
Lack of tech 

 
2(0.05) 

 
1(0.025) 

 
1(0.025) 

 
4(3.33) 

  

 
Predator problem 

 
1(0.025) 

 
2(0.05) 

 
0 

 
3(2.5) 

  

 
Labour shortage 

 
1(0.025) 

 
1(0.025) 

 
0 

 
2(1.67) 

  

Total 40(100) 40(100) 40(100) 120(100)   
*Numbers in the brackets are percentages 
 
Getahun (2008) also indicated that feed was one of the major production constraints in Adilo 
and Kofele areas of southern Ethiopia. In this particular study however, drought was constraint 
of greater weight than disease and parasites. 
 

Summary and Conclusion  
 

A survey was undertaken by interviewing 120 house hold (hh) in three kebeles namely; Kajima, 
Wacho and Tankaka of sub humid and semi-arid and areas of southern Ethiopia, using 
structured questionnaire and the socio economic significance sheep production system was 
identified and sheep marketing system was described. Sheep were kept primarily to generate 
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income for different purpose like purchase of farm input, for children school fee, for family and 
animal health care payment. Secondly sheep is also maintained by the farmers to distribute 
benefit and risks with other animals during drought and crop failure. Thirdly for home 
consumption sheep were kept to be used as a protein source for the family. The fourth purpose 
was saving; some farmers purchase sheep at the time when they are cheap and sale on holyday 
market and obtain some money as a saving. Other purpose includes use for manure and 
scarifies during ritual and cultural celebration. 
 
The predominant feed resources in the watershed for sheep is natural pasture from communal 
grazing, road side grazing and private grazing land, crop residue, enset and banana leaves. 
Sheep and other livestock share a house with human being in the study area, which does have 
its own contribution for spread of disease within and between species. Dry season watering 
frequency of sheep ranges from once in a day to once in four days. Most of the farmers in the 
study area give water to sheep in two days interval. Selection criteria of sheep for fattening and 
marketing in the study area were firstly physical characteristics which include colour, body 
length, tail, horn and ear in decreasing order of importance. Secondly conformation third was 
age of the sheep and fourth was breed of the sheep. Farmers in the area fatten sheep for new-
year market because of high demand of sheep on new-year celebration (Fichae, Chambala) by 
the Sidama ethnic group, followed by Easter market while Christmas and Arefa market took a 
small share as holy day market. Sheep slaughtered during festivals, at child birth, mutton for 
home, for guest and during circumcisions play an important role in filling gap in protein 
requirement of the house hold in the study area. Sickness, reproductive failure, old age, 
physical defect and bad colour were reasons for culling sheep from the flock in decreasing 
order of importance in the study area. 
 
The primary constraint for sheep production in the watershed is shortage of grazing land and 
feed in the dry season, followed by re-current drought in the area and disease and parasite, 
others constraints were water shortage, lack of input, lack of capital, lack of extension service 
and lack of technology predators and lack of labour. 
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Abstract 

 
Assessment of livestock production practices of Gurage zone was initiated to generate 
baseline information to launch effective development interventions. Participatory Rapid 
Appraisal method was used to assess livestock species, production systems and constraints. 
Four districts that represent highland, lowland, mid altitude and semi-arid areas were 
selected. Three representative farmers’ associations were selected from each district. Ten 
farmers consisting of men and women household heads from each farmer’s association 
participated in the appraisal.  Selected districts were Gumer, Enemor, Meskan and Mareko 
representing highland, mid altitude, lowland and semi-arid areas respectively. Livestock 
species raised in these districts are cattle, sheep, goats, equine, poultry and bees. Livestock 
rearing and breeding practices are traditional. Improved feeding and housing practices are 
not used. Genetic improvement efforts such as introducing AI services are minimal. 
Introducing male breeding animals from other herds or flocks can minimize inbreeding 
problems. Keeping records and training of farmers can also improve this problem.  

 
      Key words: Livestock, Production, Appraisal, Constraints, Participatory, System 

 
Introduction 

 
Participatory Rapid Appraisal (PRA) is intended to enable local people to conduct their own 
analysis, and often to plan and take action. Participatory approaches emphasize poor people’s 
creativity and ability to investigate and analyze their own reality (Chambers 1994). Gurage 
Zone is endowed with various agro ecological zones favourable for agriculture and human 
settlement. It has various climatic and natural resource bases ranging from cool highland, mid 
altitude belg (short rains) season cropping to semi-arid lowlands. The farming system is diverse 
ranging from inset based integrated crop-livestock farming to low land commercial coffee-
livestock farming. 
 
Farmers in the zone are generally involved in raising cattle, sheep, equine, poultry and 
apiculture. Almost all species of farm animals are native breeds, which have been evolved 
through generations using traditional methods of husbandry and breeding practices. Animal 
outputs are much lower than their expected potential. Livestock production systems have 
inherent constraints such as feed shortages, diseases and genetics. Shortages of land and lack 
of knowledge in breeding and husbandry practices exacerbated the problems. There is no 
documented information on farmers’ livestock production practice in the zone. The objective 
of this appraisal is to identify livestock production practices through farmers’ participation that 
predispose the animals into production problems that contributed to low productivity. 
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Methodology 
 

Sampling of Representative Districts 
 
Out of thirteen districts, Gumer, Enemor, Maskan and Mareko districts were drawn as 
representing highland, mid altitude, lowland and semi-arid areas respectively. Sampling 
representative kebeles/farmers’ associations. Three representative kebeles/associations were 
drawn from each district. Farming community representatives of 10-15 house hold heads were 
used to discuss on animal production practices, problems and opportunities. Main points 
considered were number and type of livestock held, benefits of livestock, rearing practices, and 
problems and suggested solutions. 

 
Results and Discussion 

 
Distribution of ruminant livestock and chicken are presented in Fig 1. Enemore district had the 
largest cattle and chicken population. Livestock species held by farmers in have low 
performances. Mating among genetically related animals is being practiced in all species of 
livestock without control. This predisposes to in breeding. This practice also applies to most 
rural farmers of Ethiopia. It has been reported that inbreeding decreases heterozygosity 
(Pirchner, 1985). Weinberg (1909), and later Dahlberg (1938), pointed out that most rare 
recessive homozygotes in a population would appear in offspring of consanguineous mating. 

 
Cattle: Household cattle ownership in all districts is presented in Fig 2. Farmers residing in 
Wedebano Gutazer Weleneand Enemore districts had larger number of cattle per household. 
The number of cattle generally increases as one move from highlands to lowlands and vice 
versa. The main purpose of raising cattle in the highlands and mid altitudes is to use as a 
source of manure for fertilizing the enset plantation. The second most important purpose of 
raising cattle in these areas is to use cows as a source of milk, butter and cottage cheese for 
home consumption. Farmers in the highlands and mid-altitudes rarely use oxen for traction. 
They use human labor for ploughing. Using oxen for ploughing is only well utilized in the 
lowlands, where crop cultivation is dominating the farming system.  
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Types of cattle used are zebu breeds. There is no local cattle genetic improvement activity 
through selection or keeping records to avoid inbreeding. The breeding system is traditional, 
so that mating of unrelated or distantly related genotypes is not practiced to avoid inbreeding.  
Most farmers rearing local cattle are not aware of the consequence of inbreeding.  
 
The number of crossbred cattle owned by farmers in the zone is very low (Fig 3). Larger 
numbers of crossbred cattle were owned in Gumer and Meskan districts. Crossbred cattle 
owned were obtained through Ministry of Agriculture interventions and personal efforts as 
reported by participant farmers. Cross bred cows, heifers and calves were preferred in order of 
importance across districts.  
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Artificial insemination services are being expanded by the Zonal Agricultural Bureau. However, 
AI services are limited due to lower number of AI technicians, transportation and lack of 
incentives (Fig 4). Keeping breeding bulls from improved genotypes are rarely practiced to fill 
this gap. 
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In the highlands, since there is shortage of grazing land, cattle feedings are mostly through cut 
and carry system. Cattle are housed within shared residential houses. A household income 
from cattle is mostly generated from sale of milk products such as butter and cottage cheese. 
Sale of culled cows and heifers also support farmers’ household. Most of the classes of 
indigenous cattle kept by farmers are cows followed by heifers and calves respectively (Fig 5). 
This gives UN opportunity to introduce crossbreeding. The importance of keeping cattle is to 
use dairy products as a protein source for the traditional dish “kotcho’ which is rich in energy, 
but poor in protein. Dairy products also help as a sausage and sweetener for consumption of 
the “kotcho”, which is made up of inset plant. Oxen and bulls are rarely kept, since most of the 
plots of lands are ploughed using human labor, particularly in the highlands. Bulls are not 
selected and kept for breeding purpose. They are marketed to generate cash and slaughtered 
during festivities. 
 
Sheep: Sheep are raised in the highlands and mid altitudes. Sheep rearing practices are 
traditional using indigenous breeds and traditional knowledge. Sheep are reared and kept 
mixed with other livestock including cattle and equines in the mid altitudes. Most farmers’ use 
shared thatched houses for the family and sheep including other livestock in the highlands and 
mid altitudes, sheep are tethered at nearby settlement communal cattle holding areas for 
daytime grazing. They are allowed to graze on crop aftermaths during off seasons. 
Opportunities in sheep rearing are their prolificacy and short lambing interval Therefore; cash 
income from sale of sheep can sustainably be drawn throughout the year. 
 
The existing sheep breeds used by farmers have been evolved through natural selection. The 
current breeding practice doesn’t encourage out crossing or cross breeding, and doesn’t avoid 
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inbreeding. There is no ewe or ram selection to improve performances; as a result sheep are 
not encouraging.  
 
Goats: Goats are commonly raised in the lowland areas in the zone. The production system is 
smallholder extensive type so that goats are kept on pasture and browse trees and shrubs. They 
are mainly used as a source of cash income for the farmers to purchase household commodities 
and farm inputs. Types of goats reared are non-descriptive local breeds. There is no clear and 
planned breeding system. Male goats are not selected and used for breeding purpose. Goats are 
mated on grazing areas through uncontrolled breeding system. There is no recording and 
keeping of records. Therefore, there is no mechanism to control inbreeding.  
 
Poultry: Farmers in the highlands and mid altitudes of the zone keep poultry. Farmers 
practice extensive rearing system where chicken forage outdoors. Chickens are and are housed 
in shared residential rooms. Since the chicken forage outdoors cost of feeds and feeding are 
very low. However, chicken size and egg production rate are very low. Most chicken used by 
farmers is a non-descriptive local breed. There is no breed selection or breeding system to 
avoid inbreeding. In some lowland areas, the district MOA have made efforts to introduce 
exotic poultry breeds such as Rhode Island Red and improved raising systems including 
modern housing. Farmers have been trained on how to raise improved genotypes. As a result, 
some farmers are generating family incomes from sale of eggs. 

 
Equines: Distribution of equines in the zone is presented in Fig 6. Horses are the dominant 
equines followed by donkeys. Mule population was very small. Equine are kept as a source of 
draught power and cash income. In the highlands and mid altitudes mares are kept to produce 
mules as main sources of cash income. Horse breeding is not clearly known. Mares are mated 
to renowned Asses to produce mule off springs. Farmers in the highlands and mid altitudes are 
eager to produce mules, since they fetch high prices on local markets. Donkeys are the major 
pack animals in the mid altitudes and lowlands. However, there is no breeding plan to improve 
their performance.  
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Apiculture: Distribution of bee hives in the zone is presented in Fig 7. There are significant 
numbers of traditional bee hives in the zone. Enemore and Meskan districts have the highest 
traditional bee hives. Bee keeping has been practiced for generations in all agro ecological 
zones. However, bee keeping is well practiced in mid altitude and low land areas. It is based on 
indigenous knowledge using traditional beehives. The low land areas are endowed with 
favourable vegetation and large numbers of bee colonies particularly close to the Gibe 
escarpments. Currently numerous bee colonies are occupying metal electric polls that are 
hollow, becoming difficult to harvest traditional honey. To date Types of bees used in the zone 
are native. There is no bee genetic improvement practice. In the mid altitudes bee colonies 
have shrunk because of increasing use of agro-chemicals for weed and pest control. Large 
number of bee colonies can be obtained in the lowlands to introduce modern beehives.  
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Conclusion 

 
Farmers’ awareness towards improved livestock production system is limited. Development 
interventions to reduce livestock production problems in feeding, health care etc. and 
encouraging improved breeding are insignificant. All livestock species are undergoing 
tremendous inbreeding, which impaired productivity and reduced heterozygosity. Farmers are 
losing benefits from their livestock and better genotypes due to inbreeding. There is also the 
probability of losing useful genes due to inbreeding and lack of genetic conservation.  

 
Recommendations 

 
1. There should be clear livestock production objectives. The main production 

systems of livestock must be targeting to maximize outputs, to meet local consumption 
or export markets.  

2. Selection of breeding animals. Better performing animals must be selected and 
retained to improve future generation. 

3. Cross breeding. Cross breeding selected animals to unrelated animals to avoid 
inbreeding depression. 
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4. Feed Development. Planting and utilizing improved browse forage species. Improved 
feeding practice boosts livestock productivity and also increases manure output for 
fertilizer. 

5. Animal health. Utilizing the existing animal health system and expansion of services. 
6. Keeping records. Animal pedigree and production records are important for 

production and genetic improvement.  
7. Genetic conservation. Indigenous livestock species have been also adapted to the 

existing environment and standard of management. They have wide genetic diversity. 
Therefore, care must be undertaken while genetic improvement activities are 
undertaken to avoid genetic erosion. 

8. Avoiding uncontrolled mating. Controlling mating of all livestock of breeding age.  
9. Farmers’ training. Training farmers to create awareness of improved livestock 

production methods, benefits, problems and solutions.  
10. Introduction of genetically superior animals. Selections of paternal and maternal 

lines to improve performance coupled with introduction of unrelated genotype to avoid 
inbreeding are equally important.  

11. Conservation of bee colonies- Introduction of modern bee rearing technologies and 
protecting bee colonies against agro chemicals. 

12. Protection of the environment. Introduction of environmentally friendly livestock 
production system that reduces soil erosion and methane emission. 
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Abstract 

 
Adoption and sustainability of improved dairy technologies by small holder farmers is one 
of the most important drawbacks for modern dairy development in the highlands of 
Ethiopia. Transfer, adoption and sustained use of improved dairy cattle are a key for the 
success of the small holder farmers. Participatory on farm testing of productivity and 
survival of cross bred cows and their calves was under taken in Kersana Kondaltiti district, 
Oromia Region, Ethiopia. Farmers were selected by district development agents and 
agriculture and rural development offices. Farmers were given theoretical and practical 
training at Holeta Agricultural Research Center. They were advised to construct cow and 
calf houses and develop improved forages. Seven in calf cows were distributed to farmers at 
subsidized price. Cows were calved after 2-3 months. Farmers managed and fed their cows 
and calves. Calf growth rates were monitored by technical staff from Holeta research 
centre. Data on body weight, heart girth and wither height were recorded every two weeks. 
Male calves’ birth weights were numerically higher than that of female calves. Calves at 
Mutte Deyu farmers’ association had numerically higher post weaning and overall daily 
weight gain than that of Adadi Mariam farmers’ association (P>0.05). Female calves had 
higher body length at birth and six months’ of age than males (P>0.05). Wither heights 
were numerically higher at birth and three months of age for calves born at Adadi Mariam. 
However, at six months of age wither height differences diminished thereafter. Only one 
calf death was encountered out of 7 calves. 

 
Key words: Technology, Dairy, On Farm, Verification, Crossbreeds, Calves, Growth, Ethiopia 

 
Introduction 

 
Genetic improvement of zebu breeds through crossing with taurine breeds to improve 
productive performance has been under way by different organizations in Ethiopia. One of the 
problems encountered in rearing crossbred dairy cattle is calf rearing. Calves reared under poor 
management and feeding are predisposed to diseases and show retarded growth. Poor growth 
during early life leads to poor performance at maturity. 
 
Under on station management systems crossbred calves are reared at optimal management 
and feeding standards. Therefore, calf growth is normal and mortality rate is lower. However, 
under farmers’ condition feeding and management systems is subnormal, due to limited 
resources, facilities and farmers’ know how. The amount of milk used for rearing calves is not 
clearly known. Over feeding of whole milk for rearing calves is uneconomical, despite high 
growth rate that may be achieved as suggested by Azage et al. (1981), and Khalili et al (1992). 
Therefore, technology transfer in dairying particularly rearing of crossbred calves requires 
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careful attention to avoid calf losses. It has also been suggested any pre-weaning calf 
management strategy should be designed to reduce calf mortality (Azage et al, 1994).                             
 
The other problem farmer’s face in rearing calves is availability of calf starter diets. Farmers in 
rural areas do not only lack calf starter diets, but also lack method of using calf starter diets. As 
a result calf growth and survival rates are expected to be very low. Crossbred calves are more 
susceptible to poor rearing methods. Earlier studies carried out in Ethiopia indicated that calf 
mortality rates are higher than recommended rates of 5% (Alemu and Teshome, 1987; Gebre 
Egziabher et al, 1992, Olson et al, 1986).  Information on growth and survival rates of crossbred 
calves under farmers’ management is limited. On farm testing of cross-bred calf performance 
was launched by Holeta Research Center, Ethiopian Institute of Agricultural Research, in 
Kersana Kondaltiti district, Oromia Region, Ethiopia. The objective of this study was to 
evaluate performance of crossbred calves under farmers’ management system and share this 
experience with other institutions and farmers who will involve in extension and technology 
transfer activities. 
 

Materials and Methods 
 

Description of the Study Area 
 

Kersana Kondaltiti district is located 70 Km south of Addis Ababa on the way to Butajira. Its 
farming system is mixed crop-livestock system, characterized by dry season water and grazing 
land shortage. It is highly deforested gentle slope and flat land and water shades exposed to 
wind and water erosion.  
 
Sources of animal feed are crop residues of wheat and barley. Feed storage system is piling of 
crop residue which is exposed to sunlight and rainfall. Livestock are underfed with poor 
growth, poor body condition and poor milk yield. Farmers’ attitude is inclined towards crop 
farming and there is little or no pasture is reserved for grazing or forage trees and   crops are 
planted for animals. Main purpose of cattle is for draught power for farming and threshing 
crops. Therefore animal feeding management is given less attention. Milk marketing is an out 
caste (social order) practice and income from fresh in cash is negligible. However, processed 
milk in the form of butter is marketed. 

 
Farmer’s Selection 

 
Participant farmers in the crossbred cattle technology verification were selected by Kersana 
Kondaltiti district Agriculture and Rural development office. Criteria in selecting farmers were 
renowned farmers who had interest in new technologies and innovations, resource fullness 
(availing forage land and household income to support the family and to purchase input 
supplies), closeness to roads and market outlets for milk and milk products. Farmers were 
selected from two associations which are called Adadi Mariam and Mutte Deyu. 
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Farmers’ Training 
 

Farmers were trained theoretical and practical dairy husbandry including management, 
feeding, nutrition, and animal health. Intensive training was given for three days at Holeta 
Agricultural Research Center.  

 
Construction of Dairy Houses 

 
Each farmer was advised to construct a house for a cow and calf for rearing. The farmers 
allotted construction materials and labor. The district Agriculture and Rural Development 
office and local Development Agents (DA) made follow up of the construction work. 
 

Forage Development 
 

Each farmer was advised to allot half a hectare of farm land to grow vetch and oat mixture to 
make hay for dry season. Forage seed was offered to each farmer by Holeta Agricultural 
Research Center. Those who have natural pasture were advised to harvest and pileup hay in 
addition to cultivated forage for dry season feeding. 

 
Selection of Pregnant Cows 

 
Better performing pregnant cows with lactation range of 2-3 and good temperament were 
selected from Holeta Agricultural Research Center. Farmers were allowed to purchase these 
cows at subsidized price which was less than 1500 birr or US$ 87.1 only. 

 
Distribution of Cows 

 
Distribution of cows was made after checking farmers’ readiness, after fulfilling house 
construction, watering facilities, and conserving hay. Cows were distributed to seven farmers at 
random. Cows’ pregnancy periods ranged from 6 to 7 months, when they were distributed. 

 
Follow Up Activities 

 
Holeta Agricultural Research Center technical personnel monitored the status of cows and 
farmers’ activities monthly. The district Development Agents were following the activities day 
to day. Veterinary services were provided by district Animal Health clinic. Additional health 
services were rendered by Holeta Agricultural Research Center Animal Health team. 

 
Calving 

 
The cows were calved at farmers’ homestead without a problem. No calving difficulties were 
encountered. The farmers weighed and recorded calf birth weights. 

 
 
 



Ethiopian Society of Animal Production 2012 

 

196  
 

Calf Rearing 
 

Each farmer reared calves individually. Calves were allowed to suck colostrums from their dam 
immediately after calving up to four days. The calves were allowed to partially suck their dam 
up to weaning. Calves were also watered starting one week of age. Some farmers were able to 
supplement their calf and cow with concentrates. Others used crop screenings. 

 
Data Collection 

 
The farmers recorded calf birth weights and their family members using suspend able calf 
scales. Fortnightly body weights, body lengths, heart girths and wither heights were measured 
and recorded by Holeta Agricultural Research Center technical staff. 

 
Data Analysis 

 
Data were analyzed using General Linear Models (GLM) procedure of SAS (SAS, 2001). 
Duncan’s Multiple Range test was used to separate means. Data were grouped by Farmers’ 
Associations which were little bit far apart relative to road vicinity. 

 
Results 

 
Body weights attained by crossbred calves at different ages are presented in Table 1. Calf birth 
and three month weights at Mutte Deyu and Adadi Mariam farmers’ associations were similar. 
Calves’ body weight attained at six months of age was numerically higher at Mutte Deyu than 
at Adadi Mariam farmers’ association. However, these variations were not significant 
(P>0.05).Male calves’ birth weights were numerically higher than that of female calves.  Female 
calf’s body weights excelled that of males at three and six month. However, these differences 
were not statistically significant (P>0.05). 
 
Calves’ growth rates by location and sex are presented in Table 2. Least square mean daily body 
weight gain during pre-weaning period was similar at Mutte Deyu and Adadi Mariam farmers’ 
associations. However, Calves at Mutte Deyu farmers’ association had numerically higher post 
weaning and overall daily weight gain than that of Adadi Mariam farmers’ association. These 
differences were not significant (P>0.05).Female calves had higher post weaning and overall 
daily body weight gain than females. However, their growth rate variations were not significant 
(P > 0.05). Generally all calves had higher pre-weaning growth rate than post weaning. Pre-
weaning body weight gains were higher than post weaning body weight gains for both region 
and sex groups. 
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 Table1. Least square mean body weights of calves at different ages 
 
Variables Number Body weights (Kg) 

Birth 3 month 6 month 

Grand mean 
Farmer’s 
Association. 
Mutte Deyu 
      Adadi Mariam 

 
 
 
3 
3 

40 
 
40.00±3.3 
40.00±3.3 

80.7 
 
80.67±7.44 
80.67±7.44 

102.7 
 
107.29±4.84 
98.04±4.84 

Calf sex 
      Males 
      Females 
R2 
CV % 

 
3 
3 

 
45.00±3.3 
35.00±3.3 
0.62 
13.8 

 
73.67±7.44 
87.67±7.44 
0.39 
15.5 

 
88.79±4.84 
116.54±4.84 
0.84 
7.9 

Means with different superscripts within the same column and raw are significantly different   
(P<0.05) 
 
Least square mean body length of crossbred calves categorized by farm location and sex are 
presented in Table3. Calves’ body lengths at birth and six months’ age were higher for calves at 
Adadi Mariam than that of Mutte Deyu farmers’ association. Calves’ body lengths at birth were 
similar between two locations. 
 
Table 2. Least square mean body weight gains 
 
Variables Number Daily body weight gain (g) 

Pre weaning 
 

Post weaning 
 

Overall gain 
 

Grand mean 
Farmer’s Ass. 
        Mutte Deyu 
        Adadi Mariam 

 
 
3 
3 

451 
 
452±78 
452±78 

244 
 
296±63 
193±63 

348 
 
374±32 
322±32 

Calf sex 
        Males 
        Females 
R2 
CV % 

 
3 
3 

 
319±78 
585±78 
0.67 
29.00 

 
168±63 
320±63 
0.51 
43.4 

 
243±32 
453±32 
0.87 
15.7 

Means with different superscripts within the same column and raw are significantly different 
(P<0.05) 
 
Female calves had higher body length at birth and six months’ of age than males however these 
differences were not marked (P >0.05). 
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Table 3. Least square mean body length measurements 
 
Means with different superscripts within the same column and raw are significantly different 

(P<0.05) 
 
Changes in daily body length for calves categorized by region and sex are presented in Table 4. 
Daily body length gains during pre-weaning and post weaning were slightly higher for calves 
born at Adadi Mariam than that of Mutte Deyu. Overall body length gains were also slightly 
higher for calves born at Adadi Mariam. However, body length gain differences were not 
important (P >0.05). 
 
Daily body length gains were slightly higher for male calves during pre-weaning as compared 
to female calves. However, daily weight lengths became higher for females than males during 
post weaning. Overall body length gain was higher for male calves than females. But these 
variations are not significant (P>0.05). 
 
Table 4. Least square mean body length gains 
 

Means with different superscripts within the same column and raw are significantly different 
(P<0.05) 
Wither heights attained by calves categorized by location and sex are presented in Table 5.  
 

Variables Number Body length(cm) 
 Birth 3 month 6 month 
Grand mean 
Farmer’s Association. 
Mutte Deyu 
      Adadi Mariam 

 
 
3 
3 

57.38 
 
58.18±6.05 
61.96±7.88 

81.5 
 
81.16±2.46 
81.23±3.20 

96.4 
 
94.23±3.49 
102.05±4.54 

Calf sex 
      Males 
      Females 
R2 
CV % 

 
3 
3 

 
68.96±7.88 
51.18±6.05 
0.4 
23.3 

 
82.41±2.46 
80.02±3.20 
0.07 
6.7 

 
94.98±3.49 
101.30±4.64 
0.37 
8.00 

Variables Number Body length (m) 

Preweaning Post weaning Overall 

Grand mean 
Farmer’s Association. 
Mutte Deyu 
      Adadi Mariam 

 
 
3 
3 

0.23 
 
0.20±0.06 
0.22±0.05 
 

0.14 
 
0.13±0.03 
0.19±0.04 

0.22 
 
0.20±0.03 
0.22±0.03 

Calf sex 
      Males 
      Females 
R2 
CV % 

 
3 
3 

 
0.29±0.05 
0.13±0.06 
0.45 
44.5 

 
0.12±0.03 
0.19±0.04 
0.41 
46.3 

 
0.24±0.03 
0.18±0.03 
0.35 
26.4 
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Wither heights were numerically higher at birth and three months of age for calves born at 
Adadi Mariam. However, at six months of age wither height differences diminished thereafter. 
 
Male calves had numerically higher withered height at birth, three and six months of age. 
However, these differences were statistically not significant (P>0.05). 
 
Table 5. Least square mean wither height measurements 
 

Means with different superscripts within the same column and raw are significantly different 
(P<0.05) 
 
Daily wither height gains for calves grouped by region and sex are presented in Table 6. 
Calves born at Adadi Mariam had slightly higher daily wither height gain than those born at 
Mutte Deyufarmers’ association.         
 
Table 6. Least square mean wither height gains 

Means with different superscripts within the same column and raw are significantly different 
(P<0.05) 
Male calves had slightly higher daily wither height gain than female calves during pre-weaning.  

 Number Wither height (cm) 
Variables Birth 3 month 6 month 
Grand mean 
 

6 
 

70.63 
 

86.3 92.8 
 

Farmer’s Assoc. 
Mutte Deyu                                 
        Adadi Mariam 

 
 
3 
3 

 
 
67.52±5.78 
73.91±4.44 

 
 
84.18±2.57 
86.96±3.35 

 
 
92.13±1.49 
92.88±1.93 

Calf sex 
       Males 
       Females 
R2 
CV % 

 
3 
3 

 
74.23±5.78 
67.16±4.44 
0.28 
13.86 

 
89.68±2.57 
81.46±3.35 
0.48 
6.6 

 
93.88±1.49 
91.13±1.93 
0.23 
3.5 

Variables Number 
 

Wither height gain (m) 

Pre-weaning Post-weaning overall 

Grand mean 
Farmer’s Assoc. 
Mutte  Deyu 
      Adadi Mariam 

 
 
3 
3 

0.15 
 
0.10±0.05 
0.19±0.07 

0.07 
 
0.08±0.01 
0.08±0.02 

0.12 
 
0.10±0.03 
0.14±0.04 

Calf sex 
      Males 
      Females 
R2 
CV % 

 
3 
3 

 
0.20±0.05 
0.10±0.07 
0.41 
78.7 

 
0.06±0.01 
0.09±0.02 
0.24 
42.8 

 
0.15±0.03 
0.09±0.03 
0.34 
48.4 
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However, female calves excelled males during post-weaning period. Overall daily wither height 
gain was higher for males than female calves. However, these differences were not significant 
(P>0.05). 
 
From all calves born only one male calf has died at Mutte Deyu Farmers’ Association, at an 
early age. One male calf has died at Mutte Deyu farmers’ association. No calf mortality was 
encountered among female calves and Adadi Mariam Farmers’ Association.  
 

Discussion 
 

Calf body weights attained at birth, three month and six months of age is similar to earlier on 
station studies (Khalili et al., 1992), indicating capabilities of rural farmers to rear crossbred 
calves using his resources and knowledge. This ability paves the way for future dairy 
development efforts. 
 
Daily body weight gains during pre and post weaning periods are efficient to meet target 
breeding weights to achieve optimum breeding age at early life. Body weight gains during pre-
weaning period were faster than post weaning period. This is normal physiological growth 
pattern in crossbred calves. This indicates farmers in both Mutte Deyu and Adadi Mariam fed 
and managed their calves well to express their genetic potential. However, farmers were 
feeding excess milk which is an economical. Additionally over feeding of milk can reduce feed 
dry matter by the calf. Similarly, the association between an increased level of milk offered and 
a reduction in solid feed intake has been also observed (Leaver and Yarrow, 1972; Fallon and 
Harte, 1986). 
 
Generally female calves had more accelerated body weight gains at different ages than males. 
This happened due to the fact that, farmers were interested to have crossbred heifer than 
breeding bulls, and therefore favoured female calves in feeding milk. Farmers envisaged 
crossbred male calves to be used as draught oxen after being castrated. Calf body length was 
initially higher at birth for male calves, however over taken by females at later ages. This is also 
due to farmers’ favouring of females and disfavouring males, which has been reflected in the 
body length measurement.  
 
Variations in daily gains in body length were both affected by region and calf sex, where calves 
born at Adadi Mariam had gained better than at Mutte Deyu. Variations in body length growth 
between regions might be due to farmers’ management differences. Daily calf body length was 
lower for female calves during pre-weaning period. However, female calves took over the lead 
during post weaning, which might be due to farmers’ preference for female calves in feeding 
and management. Since farmers used suckling for rearing the amount of milk consumed by 
calves was not known. However it is presumed that calves preferably females were higher than 
recommended as suggested by Alemu, (1983).   
 
Trends in wither height attained at both locations also reflect variations in calf rearing 
practices. During early life calves born at Adadi Mariam had higher wither height as compared 
to that of Mutte Deyu. However, these variations diminished at six months of age, indicating 
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withholding of growth favouring feeding strategies such as weaning. Calf death encountered 
cannot be explicitly explained high or low due to low number calves born are too low for 
computing mortality rate in percentage. However, it seems not exceeding rates reported earlier 
((Alemu and Teshome, 1987; Gebre Egziabher et al, 1992, Olson et al, 1986). 
 

Conclusion 
 
Cross bred calves with high growth rates can be reared under small holder farmers’ conditions 
if farmers are trained, calf houses constructed and technical follow up and give advice is given  
to small holder farmers. However, forage development including hay and browse trees should 
not be overlooked. Concentrate supplements from industrial by products or farm grain 
products as supplements support calf growth and survival. The farmers over fed the calves with 
milk to favour growth and survival. However, the amount is not clearly known. More than 
recommended amount of milk fed to calves was uneconomical. 
 

Recommendation 
 
The most important factor that determines calf growth and survival on farmers’ farm is liquid 
and dry diet. Therefore, calves need to consume ample amount of colostrums as much as 
possible starting half an hour after birth. Restricted milk feeding or restricted suckling method 
must be used to reduce calf milk consumption. Calf starter diets must be prepared from locally 
available feed staffs and offered starting one week after birth. Farmers have to closely watch 
calves for their health and report to the veterinarians if abnormal cases of calf illness such as 
scours, coughing and nervous symptoms are encountered. 
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Abstract  

 
The village chicken production system and performance of local chickens were investigated 
in Goncha Siso Enesie district of East Gojjam zone with the major objective of assessing 
chicken production system in 196 households. Data were collected through group 
discussion with key informants, interview by using pretested structured questionnaires and 
direct observation. The results indicated that livestock holding per household consists of 
cattle 4.4, sheep 2.3, goat 1.6, donkey 0.9, mule 0.04, horse 0.6 and chicken 7.9. All chicken 
owners provide supplementary feed to the chickens, which they get from home-grown 
(82.7%), market (2.6%) and both home grown and market (10.2%). Only few (16.3%) of the 
chicken owners use feeder to supplement the chickens, (83.7%) spread the feed simply over 
the bare ground. The majority (56.6%) provide supplementation during rainy season while 
4.6% and 38.8% supplement during dry and all the time, respectively. All of the chicken 
owners provide water to chickens ad libitum using various types of drinkers made of 
wooden, stone, clay and plastic materials. Only 11.7% of the households construct separate 
housing while the majority share their main house. Predation (96.9%) was identified as the 
primary challenge to chicken rearing compared to disease (3.15%). The productivity of the 
village chickens was found to be very low where the average age at first lay was 6.6 months 
with an average clutch number of 3.2. About 14 eggs were produced per clutch with a yearly 
egg production of 43.2 per hen.  

 
Key words: Local Chicken Populations; Village Chicken Production System; Goncha Siso Enesie 
District 

Introduction 
 
Chickens are among the most adaptable domesticated animals, and there are few places on the 
globe where climatic conditions make the keeping of chicken flock impossible (Bishop, 1995). 
According to CSA (2001), the chicken populations of Ethiopia in the year 2000 was estimated at 
37.76 million. Three years later, estimates of the indigenous chicken populations were 36 
million in 2003, excluding the whole Gambella Region (CSA, 2004). Currently there are about 
42 million chickens in the country of which 96.6% are local chickens (CSA, 2009), indicating 
the significance of local chickens as potential Farm Animal Genetic Resources in the country. 
Local chickens are kept in many parts of the world irrespective of the climate, traditions, life 
standard, or religious taboos relating to consumption of eggs and chicken meat like those for 
pig meat (Tadele, 2001).  
 
Chicken production in most developing countries is based mainly on scavenging systems, 
which is extensive. Extensive systems are dominated by indigenous poultry breeds, which are 
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not classified into specific breeds and to some extent, might have been mixed with broiler or 
layer breeds of exotic types. The indigenous chickens Gallus domesticus belong to a group of 
local unimproved breeds commonly found in  developing countries and may include mixed 
(unspecified) breeds resulting from uncontrolled breeding (Mushi et al., 2005). 
 
The importance of village poultry production also known as traditional or backyard chickens in 
the national economy of developing countries and its role in improving the nutritional status 
and incomes of many small farmers and landless communities has been recognized by various 
scholars and rural development agencies for the last few decades (Aberra et al., 2005; Fisseha et 
al., 2010; Aberra et al., 2011). Village based chicken production requires less space and 
investment and can therefore play an important role in improving the livelihood of the poor 
village family (Samson and Endalew, 2010). However, the production level of scavenging hens 
is generally low, with only 40-60small sized eggs produced per bird per year under smallholder 
management conditions (Nigussie et al., 2010; Aberra and Tegene, 2011). 
 
Development in third world has focused on introducing exotic high yielding breeds rather than 
understanding the production potential of village chickens. There is a great need to urgently 
preserve the genetic variability of the indigenous chickens. More information needs to be 
collected and assessed to prevent their further adulteration and possible extinction and to 
promote their utilization (Ssewannyanaet al., 2008).By having a holistic approach to village 
poultry development, taking into account technical as well as organizational aspects, it is 
possible to develop poultry production systems based on locally available resources, which may 
help the poorer farmers in developing their skills and creating a sustainable income with very 
few inputs (Rise et al., 2005). 
 
Understanding the roles and function of local chicken as well as production constraints is of 
considerable relevance in envisaging future research and development directions and strategies 
(Duguma, 2006; Nigussie et al., 2010; Aberra and Tegene, 2011). Sustainable rural poultry 
programs should build on what exists and match technological intervention (Clarke, 2004). 
Therefore, to identify what exists relating to chicken production and thus paving the ways for 
any technological intervention would be given due priority. This study was thus designed to 
assess the poultry production system and performance of village chicken under the existing 
situation of Goncha Siso Enesie district of Amhara Regional State. 
 

Materials and Methods  
 

Description of the Study Area  
 

Goncha Siso Enesie is one of the districts in the Amhara Regional State of Ethiopia. It is 
bordered on the south by Enarj enawga, on the west by Hulet eju enese, on the north by the 
Abay River which separates it from the South Gondar Zone, and on the east by Enbise SAR 
Midir. The coverage of the three agro-ecologies in the district is highland (>2500 m.a.s.l, 12%), 
lowland (<1500 m.a.s.l, 40%) and midland (1500-2500 m.a.s.l, 48%). The lowland area is 
characterized by late onset, erratic distribution of rainfall, most notably at the initial stages of 
crop development. The district is partitioned into 37 kebeles of which 2, 10, and 25 are found in 
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highland, lowland and midland agro-ecologies, respectively. The farmers are primarily 
dependent on “Meher” crops. The livestock potential of the district is 102,157 cattle, 54 681 goat, 
78 094 sheep, 45 447 chicken, 14 864 equines.  

 
Study Techniques   

 
Purposive and random samplings were applied for the current study where the study district 
was purposively selected so that the three agro-ecologies (highland, midland and lowland) are 
encompassed. One kebele from highland, two kebeles from lowland and three kebeles from 
midland were randomly selected. Therefore, 6 representative kebeles from the three agro-
ecologies were selected for the study. A total of 196 chicken owners were selected from land 
registration book of each kebele using systematic random sampling technique. The survey was 
accomplished through interview using pre-tested structured questionnaires and this was 
augmented with group discussion and direct observation. Pre-testing the questionnaire and 
group discussion before the actual survey had enriched the main structured questionnaire 
which otherwise could have been missed. 
 

Statistical Analysis 
 
The data of this study were analysed using SPSS version 15.0 (SPSS, 2006). Descriptive statistics 
such as mean and percentages were used to summarize data as required. In addition single 
factor ANOVA test was employed to analyse differences among the three agro-ecologies with 
respect to various quantitative response variables. When ANOVA declares significance, mean 
comparison was made using Duncan Multiple Range Test.  
 
Model statement regarding the effect of agro ecological differences on various productive 
performances of local chickens 
 
Yij = µ + Ai + Ʃij 
 
Where Yij is chicken performance parameter estimate for bird j in i agro-ecology, µ is the 
overall mean, Ai is the fixed effect of agro-ecology (i = 3; Highland, Midland and Lowland) and 
Ʃij is the random error 
 

Results and Discussion  
 

Socioeconomic Characteristics of the Households 
 

The overall average family size in the study district was 6.0 persons per household and family 
size of households was similar in the three agro-ecologies (Table 1). The family size of this 
study is similar to the finding of Fisseha et al. (2010) who reported the average family size per 
household in Bure district as 6.2 persons. The average age of the respondents was found to be 
43.2 years old of which the majority (90.3%) were married, 2 % single, 1.5% divorced and 6.2% 
widowed. Farmers in the study area reared various types of livestock species including cattle 
(4.4), sheep (2.3), goat (1.6), donkey (0.9) mule (0.04), horse (0.6) and chicken (7.9) per 
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household (Table1). Fisseha (2008) reported that the average cattle and sheep/household in 
Burei district of Amhara region was 4.16 and 2.24, respectively, which is in good agreement 
with the current result. However, the average number of goats (0.25) reported by the same 
author was lower than the current study. Average holding of cattle and goat per household in 
lowland agro-ecology were significantly (P<0.05) higher than that of highland and midland 
(Table 1). This may be due to more grazing land, cropland availability from which higher 
proportion of livestock feed is derived in lowland areas, and goats are higher in the lowland 
because of its adaptation to lowland environment.  
 
Table 1. Socioeconomic characteristics of the households in Goncha Siso Enesie district of 
Amhara Regional State 

 
          Agro-ecology 

Parameters Highland Midland Lowland Overall 
 (n=32hh) (n=99hh) (n=65hh) (N=196hh) 

Sex and age of respondents (%)     
Male headed 84.4 89.9 87.0 88.3 

Female headed 15.6 10.1 13.0 11.7 
Age  44.6+10.1a 41.7+10.4a 44.9+12.1a 43.2+10.9 

Family size  6.10+2.20a 5.80+1.90a 6.30+1.90a 6.0+2.00 

Livestock holding      

Cattle 3.59 +1.98a 4.04 +2.00a 5.34 +2.2b 4.40 +2.18 
Sheep 4.09+2.90c 2.60+1.90b 1.05+1.6a 2.33+2.20 

Goat 1.20+2.20a 0.45+1.27a 3.4+3.6b 1.56+2.80 

Chicken 8.50+5.1a 7.40+4.34a 8.40+4.70a 7.90+4.60 
abc Means with different superscript across raw are significantly (p<0.05) different. Except those 
specified by % the rest of the values are given by Mean +SD  

 
Chicken Husbandry Practices 

 
Feeds and Feeding 

 
As presented in Table 2, all (100%) households provided supplementary feed even though the 
adequacy is questionable. The current finding is in line with the finding of Halima et al. (2007) 
who reported that about 99.3 % of chicken owners of North-West Amahara provided 
supplementary feed to village birds once per day, mainly during feed shortage seasons. 
Similarly, majority (97.5%) of chicken owners in Burie district of Amahara region (Fisseha et 
al., 2010) provided supplementary feed. In a study conducted by Bogale (2008) in Farta district 
of Amahara Region, the majority (88.9%) of farmers reported that they gave supplementary 
feed on top of scavenging. Aberra and Tegene (2009) reported that 60% of chicken owners in 
southern Regional State of Ethiopia provide supplementation, which is comparatively lower 
than reported in the present study. Only 16.3% of the respondents used feeding equipment to 
provide supplementary feed especially for wet feeds such as soaked Enjera while the rest 83.7% 
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spread the feeds simply on the ground for all chicken groups and leads to feed wastage (Table 
2). Halima et al. (2007a) reported that only 3.4% of chicken owners in North-west Ethiopia 
provided supplementary feed in container while the remaining threw the feed on the ground. 
Kugonza et al. (2008) reported that most of the farmers (73%) in Uganda supplement by 
spreading the feed on the ground while the rest use containers. Spreading the feed on the 
ground leads to wastage because some of the grains may be lost in cracks or mixed with dusts. 
In addition, the feed will be subjected to contamination as it may come in contact with 
pathogens. 
 
Feedstuffs such as maize (50.4%), wheat (39.6%), barley (10.3%), were the common types of 
grains used as supplementary feed of chickens (Table 2). In agreement with the present study, 
Halima et al. (2007a) reported that the majority of the farmers who practiced supplementary 
feeding used maize, barley, wheat, finger millet and household waste products to feed their 
chickens, mostly once per day. 

 
Table 8. Types of feeds and feeding practices of chicken in Goncha Siso Enesie district of 
Amhara Regional State 

 

Parameter (%) 

Agro-ecology 

Overall mean (N=196) 
Highland  
(n=32hh) 

Midland  
(n=99hh) 

Lowland  
(n=65hh) 

Method of feed provision      
Using feeder 12.5 21.2 10.8 16.3 

Spread on ground 87.5 78.8 89.2 83.7 
Grains for supplementation     

Maize 37.1 45.4 69.5 50.4 
Wheat 48.4 44.9 22.1 39.3 
Barley 14.5 9.70 8.40 10.3 

Source of supplementary feed    
Home grown 90.6 83.8 90.8 87.2 

Purchased 6.30 - 4.60 2.60 
Home &purchased 3.10 16.2 4.60 10.2 

 
The type of grains used as supplementation varied among agro-ecologies, which is related to 
the type of crops grown. Accordingly, in the lowland area, maize (69.5%) was the predominant 
grain supplemented to chickens followed by wheat (22.1%); whereas in highland wheat (48.4%) 
is the common feed type followed by maize (37.1%) and in midland, both grains were 
supplemented in equal proportion (Table 2). The majority (87.2%) of supplemental feedstuffs 
in the study district were farm produced. Even though, these grains are good energy sources, 
they are poor in protein and minerals, which implies that supplementation is not guarantee to 
adequacy of both quality and quantity of nutrients. Besides, these grains are important food 
items for humans suggesting a strong competition between the chickens and the owners. 
Nearly all of the chicken owners (99%) provide the feed without being processed i.e. the grain 
as it is. Similarly, the majority of chicken owners (90.8 %) do not mix different feedstuffs for 
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supplementary feeding. Only 9.2% provide by mixing different types of feed ingredients such 
as grain screenings, traditional milling by-products, kitchen leftovers etc. (Table 2). In 
agreement with the current study, Badubi et al. (2006) reported that most farmers (91.9%) in 
Gabon provide their chickens with unbalanced feed supplements such as kitchen waste, maize, 
sorghum, millet, sorghum bran, maize bran and sunflower fed individually or in combination. 
Even though all of the chicken owners provide supplementary feed, it is not possible to declare 
that it is adequate as they provide the feedstuffs without measuring.  

 
Water Provision 

 
As presented in Table 3, water was provided during the dry season (86.2%), rainy season (3.6%) 
and year round (10.2%). The current results find similarity with the works of Fisseha et al. 
(2010) who reported that 85.4% provide water only during the dry season and 14.3% 
throughout the year. There were different source of water to the birds such as springs (60.2 %), 
pipe (21.4%), river (12.2%) and pond (6.2%). In highland areas, all chicken owners used spring 
water whereas in midland, both spring and pipe water sources was used. Chicken owners in the 
lowland area use spring coupled with river water were used (Table 3). Mekonnen (2007) 
reported that water for chickens in three districts of southern Regional State of Ethiopia was 
drawn from river (37%), pond (35%) and borehole (28%). 
 
Table 9. Water sources, provision season and drinker equipment used for chickens in Goncha 
Siso Enesie district of Amhara Regional State 

 
 Parameters (%) Agro-ecology Overall mean 

Highland Midland Lowland 
 (n=32hh) (n=99hh) (n=65hh) (N=196hh) 
Season of water provision        

Dry season 87.5 76.8 100 86.2 
Rainy season 6.30 5.1 - 3.60 
Year round 6.30 18.2 - 10.2 

Source of water for chickens     
Spring 100 45.5 63.1 60.2 
Pipe - 37.4 7.70 21.4 
River - 7.10 26.2 12.2 
Pond - 10.1 3.1 6.20 

Drinker type     
Plastic 25.0 31.3 1.50 20.4 
Clay made - 19.2 3.10 10.7 
Wooden made 68.8 43.4 86.2 61.8 
Stone made 6.30 6.10 9.20 7.10 

 
About 61.8% of households used wooden made equipment (locally called Genda (rectangular) 
while 20.4% used plastic made, 10.7% used clay made and 7.1% used stone made as drinker. 
None of these equipment maintains the quality of the water as they have been placed 
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anywhere in an open place. As a result, the water will be used by dogs, cats, wild birds, 
chicken, and even large animals, which results in an easy transmission of disease particularly 
from wild birds to the chicken. Abdelqader et al. (2007) reported that water quality for local 
chickens was poor owing to dirty drinkers or unhealthy water sources. Similarly, Halima et al. 
(2007a) reported that 27.9%, 37.3% and 34.8% of chicken owners in North West Ethiopia used 
plastic made, wooden made and clay made drinking materials for their chickens, respectively. 
In Mozambique, Alders et al. (1997) reported that 66% of chicken owners use clay dish 
followed by 17% metal dish, 8% plastic dish, other 6% and tin can 3%.  
 

Housing  
 

As presented in Table 4, separate house construction for chickens was not a common practice 
in the study district where only 11.7% of the respondents provided separate house for the 
chicken. Therefore, the majority (88.3%) of chicken owners shared their main houses with the 
chicken and other farm animals, which makes the bio-security of the village poultry 
production system extremely poor.  
 
Table 10. Housing practices of local chickens in Goncha Siso Enesie district of Amhara Regional 
State 

 
Parameters (%) Agro-ecology Overall mean  

(N=196hh) Highland  
(n=32hh) 

Midland  
(n=99hh) 

Lowland  
(n=65hh) 

Basic structures     
Separate housing (yes) 18.8 15.2 3.10 11.7 
Nest preparation (yes) 68.0 74.7 27.7 58.0 
Perch construction (yes) 93.8 97.0 84.6 92.3 

Perch type     
Fixed 90.6 85.9 49.2 74.5 
Movable 3.10 11.1 35.4 17.9 
Any where 6.30 3.00 15.4 7.60 

 
Mokenen (2007) reported that 97.6 % of the respondents in three districts of southern 
Regional State of Ethiopia do not have separate house for their chickens other than sharing the 
family house. On the other hand, Mandal et al. (2006) reported that 97.5% households provide 
separate house in India for chickens as night enclosure. Muchadeyi et al. (2004) also reported 
that 82% of the households in Zimbabwe provided separate housing for their chicken, while 
the remaining 18% had no separate chicken housing.  
About 58% of the respondents in the study area prepare egg-laying nest for hens. About 92.3% 
of chicken owners construct perches from wood or bamboos arranged in parallel below the 
roofing. Among those, 17.9% respondents constructed movable type of perches while 74.5% 
constructed fixed type perches. The rest 7.6% respondents reported that they keep their 
chickens on the floor and cover them with basket or simply let the chickens to roost anywhere 
inside the house where they find raised platform (Table 4). 
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Disease and Predators 
 

Compared to disease, over 97.6% of respondents reported predation as the primary challenging 
problem (Table 5). In agreement with the current study, Mekonnon (2007) reported that 
predation is the major cause accounting to 65.7% of chicken loss in three districts of southern 
Regional State. Similarly, Conroy et al. (2005) reported that predation caused more mortality 
than disease in India. However, Tadele (2001) and Aberra and Tegene (2009) reported that in 
some parts of Ethiopia, disease was cited as the most important problem reducing both the 
number and productivity of the birds.  Disease outbreak usually occurs during the rainy season 
particularly on the onset of the rainy season, which is in good agreement with the results of 
Aberra and Tegene (2009). This could be explained by the fact that the moisture creates 
conducive environment for disease causing microorganisms. On the other hand, Kugonza et al. 
(2008) reported that chicken diseases in Uganda mainly occur during the dry season. 

 
Table 11. Chicken diseases and predator challenge in Goncha Siso Enesie district of Amhara 
Regional State 

 
Parameters (%) Agr-ecology Overall  

(N=196hh) Highland  
(n=32hh) 

Midland  
(n=99hh) 

Lowland  
(n=65hh) 

Most challenging      
Predator  100 96.0 96.9 97.6 
Disease - 4.00 3.10 2.40 

Season of cat attack      
Rainy 85.2 93.9 96.1 92.3 
Dry 5.50 2.10 3.90 2.60 
Year round 9.30 4.00 - 5.10 

Season of hawk attack      
Rainy - 7.10 - 3.60 
Dry 50.0 83.8 100 83.7 
Year round 50.0 9.10 - 12.7 

Most affected by hawk     
Chicks 100 100 100 100 

Most affected by cat     
Chicks 3.10 4.00 1.50 3.10 
Adults 96.9 96.0 98.5 96.9 

 
According to respondents, predators’ challenge was seasonal (rainy and dry season) and varies 
according to daily cycle (diurnal and nocturnal). Overall 92.3% of the respondents reported 
that cat attack was prevalent during rainy season. The reason for this may be due to the dense 
plant growth and shrubby condition that provide suitable hiding place for ground predators. 
Among aerial predators, hawk attack was more challenging during dry season where there is 
little vegetation cover and hence, the chickens are easily seen and exposed to the aerial 
predators.  
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According to the respondents, chickens with white plumage color are most exposed to 
predators; particularly to the hawks because of its conspicuousness. This finding is in 
agreement with Aberra and Tegene (2009) who noted that wild birds (eagle, hawks) were the 
most common predator during the dry season while wildcat was the most dangerous predator 
during the rainy season in southern Regional State of Ethiopia. The current finding is also in 
good agreement with Conroy et al. (2005) who reported that predation by mammals is difficult 
during rainy season whereas predation by birds is more of a threat when there is little or no 
cover. 

Production Performance of Village Chickens 
 
As shown in Table 6, age at first egg and at sexual maturity (male) of village chickens in the 
study district was 6.6 and 6.1 months, respectively. This is in good agreement with the findings 
of Kugonza et al. (2008) and Iqbal and Pampori (2008) who reported an average age of 5-6 and 
6-7monthes maturity for male and female chickens, respectively. Tadele et al. (2003a) and 
Mandal et al. (2006) reported a relatively delayed maturity of female chickens, which is 6.8 
months and 7.6, respectively.  
 
Table 6. Production performance of village chickens in Goncha Siso Enesie district of Amhara 
Regional State 

 
Parameters (%) Agr-ecology Overall  

(N=196hh) Highland  
(n=32hh) 

Midland  
(n=99hh) 

Lowland  
(n=65hh) 

Age at first mating (months) 5.93+2.00a 6.23+1.60a 6.11+1.70a 6.14+1.70 

Age at first egg (months) 6.94+1.60a 6.43+1.60a 6.57+1.50a 6.60+1.60 

Clutch number /hen/year 3.10+0.80a 3.20+0.50ab 3.40+0.60b 3.24+0.60 

Egg production/clutch/hen 15.1+3.9b 14.3+3.18ab 13.4+2.9a 14.1+3.25 
Yearly egg production/hen 46.8+11.5a 45.8+8.70a 45.6+10.5a 45.7+9.80 

Number of eggs incubated/hen 13.1+1.60b 12.0+1.90a 13.8+2.80b 12.8+2.30 

Number of eggs hatched/hen 10.8+2.40b 9.60+2.30a 10.2+3.00b 10.0+2.30 

Hatchability (%) 82.5+13.0a 80.3+16.0a 75.6+20.0a 79.1+17.0 

Number of chicks survived 5.63+1.40a 5.60+1.50a 5.3+2.00a 5.50+1.70 

Survivability (%) 55.0+2.00a 61.4+5.50a 55.1+2.30a 58.25+2.30 
ab Means with different subscript across a raw are significantly (p < 0.05) different  

 Except those specified in %, the rest of the values are expressed by Mean (+SD) 
 
Number of eggs produced by a hen per clutch and year in the study district was 14.1 and 45.7, 
respectively with an average egg weight of 39.6g (Table 6). The clutch number of the hens in 
the study district was 3.2. In agreement with the present finding, Mandel et al. (2006) reported 
45-55 eggs/hen/year for Indian backyard chickens. For Botswana indigenous chickens, Aganga 
et al. (2000) reported a relatively lower eggs production/hen/year (34 eggs). As compared to 
the high producing chicken breeds, the egg production of village chickens is very low. It means 
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that, if all these eggs are sold (an egg sold by 1.50 Birr in the study area), no more than 65 Birr 
is obtained per hen per year.  
 
The average number of eggs incubated per he was 12.8, which represented 90 % of the eggs laid 
per clutch. Out of the incubated eggs, 10 chicks were hatched with an average hatchability of 
79.1%. However, among the hatched chicks, only 5.5 chicks grow to market age, which implies 
58.3 % survival rate suggesting high chick mortality (Table 6). Scavenging chicken production 
system is characterized by high chick mortality in the first two weeks of life, caused by 
different factors such as disease, predators, and the hostile environment for newly hatched 
chicks (Tadele, 2001; Aberra and Tegene, 2011). The number of chicks hatched out of the 
incubated eggs in this study was similar to the finding of Yakubu (2010). Pedersen (2002) found 
that the number of eggs incubated per clutch was10.6 with average hatchability rate of 73%. 
Ssewannyana et al. (2008) also reported higher percentage (87%) of hatchability for Uganda 
local chickens. Significant difference was observed in clutch size, egg production per clutch, 
number of eggs incubated and number of chicks hatched. Accordingly, chickens in the lowland 
areas had high clutch size than midland and highland areas. High egg production per clutch 
was found in highland areas than in lowland, which may be attributed to different 
management practices. Less number of eggs was incubated in midland agro-ecology, which 
may be attributed to having better market accessibility encouraging farmers to sell more eggs 
than those in lowland and highland areas.  
 

Pattern of Chicken Meat Consumption 
 
As presented in Table 7, there is a great deal of variation among the family members in 
consumption of chicken meat parts. Breast (23.8%), drumstick (18.9%), and thigh (17.8%), 
gizzard (24.9%) and skin (9.86%) parts were given priority to the husband. However, gizzard 
(20.7%), skin (19.9 %), wing (14.6), (13.7%, thigh (12%) and neck (11%) parts were consumed by 
the wife. About 23.6, 21% and 18.8% of wing, neck and skin, respectively were given to the 
children. This implies that the majority of valuable carcass is given priority to the husband.  
 
Similarly Aklilu et al. (2007) indicated that customarily, the meatiest and nutritious parts of the 
carcass are often given to men, like for example the gizzard, drumsticks, and breast meat. 
Lower-quality parts like the neck, wings and skin are meant for women and children. Thus, 
men have culturally relatively better poultry consumption. Mammo et al. (2008) also reported 
that priority was given for adult household members in consuming poultry products among 
the family members across study area around Jemma district of South Wollo administrative 
zone.  
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Table 7. Pattern of chicken meat served to family members 
 

Agro-
ecology 

Family 
members 

Meat part served to family members (%) 
Breas
t 

Ds Thig
h 

Giz Ski
n 

Win
g 

Nec
k 

Live
r 

Other
s 

Highland Husband 24.7 14.4 19.6 25.
8 

9.3 - - 2.06 4.12 

(n=32) Wife 3.82 13.4 11.5 19.1 21.0 14.3 13.0 - 3.88 
 Children 10.2 7.10 15.4 - 16.5 24.7 22.0 - 4.10 
 Husband 23.5 21.3 17.0 23.7 9.57 - - 1.85 3.09 
Midland Wife 1.48 14.1 12.2 19.7 21.2 15.4 12.0 0.98 2.97 
(n=99) Children 10.6 6.8

8 
15.6 0.3

5 
20.3 23.1 20.0 - 3.17 

 Husband 23.9 17.4 18.4 26.
2 

10.5 - - 0.90 2.70 

Lowland Wife 8.27 13.4 12.2 23.
0 

17.8 12.6 8.30 1.79 2.64 

(n=65) Children 7.00 10.0 16.9 - 17.8 24.3 21.0 - 3.00 
 Husband 23.8 18.9 17.8 24.

9 
9.8
6 

- - 1.60 3.14 

Overall Wife 4.13 13.7 12.0 20.
7 

19.9 14.6 11.0 1.03 2.94 

(n=196) Children 9.34 7.9
0 

16.0 0.15 18.8 23.6 21.0 - 3.21 

Ds= drum stick; Giz= gizzard 
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Abstract 

 
In the advent of global warming the role of the camel (Camelus dromedarius) is expected 
to augment. There is also pressure on pastoralists to change. Hitherto the study on the 
impact of change on the viability of camel production is neglected. Our study in Afar 
shows that the camel is occupying new range, altitudes up to 2000 m. The camel herd is 
growing at a rate of 2% annually, this was mainly due to poor reproductive performance 
having long calving interval 2 years, age at first calving 5 years, high neonatal mortality 
25% and mating ratio 1:200. The Afar pastoralists subsisted on 75% milk diet, the lactation 
length of the camel was 2 years with yields 3000/lactation. The Afar camel attain350 kg 
weight in 6 years, the dressing percentage was 45%. The camel was used in caravan of salt 
trade route carrying 300kg wt covered 25 km per day. The price of the camel was 700 -
1500USD for adult male. The disease prevalence was as follows: Trypanosome evansi 16%, 
Sarcoptes s. cameli, GIT parasites 40% camel pox 20%, Tick infestation 100%, Cephalopsis. 
titillator70%, saddle wounds 100%, mastitis2%. Camel pastoralism will decline unless 
improvement is done to husbandry and health of the camel 

 
Key words: Camelus Dromedaries, Pastoralism, Arid Environment, Animal Production, Animal 
Health, Ethno veterinary, Camel Physiology 

 
Introduction 

 
Ethiopia is topographically dichotomous classified in to highland and lowland. The periphery 
encircling the country consist generally lowland plains, elevation below 1500 m and mean 
annual rainfall below 500mm. The lowland makes 65 million hectare (61%) of the total area, 
consists mainly pasture land home to 12% of the population and 26% of the livestock 
(Coppock, 1994). The climate in the lowlands is arid and, owing to the unreliable rainfall, the 
ecosystem in these environments never achieves equilibrium between grazing and fixed 
number of settled livestock. And with increasing drought and erratic rainfall, cultivation of 
land is difficult and crop failure is common resulting in reduced per capita food production. 
Thus, traditional pastoralism constitutes the only efficient means of exploitation of the dry 
land resources (Payne 1990; Willson 1984) otherwise heavy investment or irrigation and water 
harvesting technologies would be required. In the drylands where biomass is meager, resource 
utilization should be optimized through appropriate livestock production system (Njeuru, 
1996). Multiple herd species has ecological, and socioeconomic adaptive value, risk spreading 
and conservation of resources , identified as energy extraction pathways: a) the reliable 
pathway, shrub-camel-milk-human, b) the opportunistic pathway grass-cattle-milk-human 
and c) contingency, sale for cash pathway grass-small stock-meat-human as shown on table 1. 
Camels cause less environmental harm compared to other livestock species (Schwartz and 
Dioli 1992).  As climate change drastically altering the global landscape, camels rising could 
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become an alternative livelihood next to none. In comparison to other livestock, camel 
production would appear minor, if viewed in isolation from the environment because camels 
can produce milk under very harsh conditions when and where other livestock species cease 
producing (Yagil, 1985).  
 
Table 1. Location and size of livestock in pastoral areas of Ethiopia 

 
Pastoral region (Location in Ethiopia) Sheep Goat Cattle donkeys Camel Horses and 

mules 

1 Afar (North Eastern ) 2000 3000 3600 200 900 0 
2 Somali (Easter ) 6600 3300 5200 360 1100 0 
3 Oromo/Borena (South Eastern) 1000 500 1400 60 530 0 
 Oromo/Kereu (South Eastern) 200 300 300 20 10 0 

4 Benshangul and Gambella 
( western) 

100 100 100 20 0 0 

5 Southern nations and 
nationalities(Southern) 

340 500 450 40 0 0 

6 Kunama (North-western) 100 150 200 10 0 0 
 Central Statistical Agency, 2009 

 
Camel is a versatile animal; it can be milked, ridden, loaded, eaten, harnessed to plow or 
wagon, traded for goods or wives, exhibited in zoo or turned into sandals and camel hair coat 
(Faye, 1997). Despite the vital role of the camel in the arid zones its status vis a vis disease is 
not different from other animals (Tefera, 1985). Camel diseases in Ethiopia are not well studied 
and disease remains as number one obstacle to rational use of the camel (Richard, 1979). 
Camels are raised under traditional management systems lacking documentation. Pastoral 
camel production is under pressure because of multiple changes in the production 
environment (Scoones, 1994). Increasing human population pressure on pastoral grazing areas 
and the economic implications resulting from diseases and lack of veterinary services are some 
of the factors that adversely affect traditional camel production (Tefera, 2004). As camel 
owners become sedentary, the camel disappears. In many places of the world the development 
of infrastructure, especially roads, has caused the camel to lose its value as a riding animal or 
beast of burden. Despite the ecological, economical, environmental and social benefits of the 
camel it is remained the most unstudied animal (Payne, 1990). One reason is the camel belt 
area is located in three poor countries, namely Ethiopia, Somalia, and Sudan accounting for 
60% of the world camel population (Mukassa -Mugerewa, 1981). Very little has been done for 
improvement the camel in health and disease (McGrane and Higgins, 1985). The objective of 
this study was to document the husbandry practices of the afar pastoralists assess the 
ethnovetrinary knowledge and determine zoo technical parameters of camels in the Afar 
region of Ethiopia. 
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Materials and Methods 
 

Study Area 
 

The study was undertaken in Zone 2 of Afar regional state, as shown on Figure 1A.  North 
Eastern Ethiopia, is located in the transition zone between the eastern Tigray escarpment and 
the northern Afar lowlands. Aba’ala is situated between 130 15’ and 130 30’ N and 390 30’ and 390 
55’E longitude, the area consists of flat plains occasionally interrupted by few undulating hills 
and a series of elongated ridges. The average elevation of the area is 1000m above sea level  
however, varies from 116 meters below sea level at Afar Depression, also known as the Danakil 
depression in the north and 1500 m at Aba’ala town, The southern part consists of the valley of 
the Awash River, which empties into a string of lakes along the Ethiopian-Djibouti border. The 
topography is a product of volcanic activities that formed the Great Rift Valley. Erta-Ale is a 
live volcano in the region.  

 
The climate varies from hyper arid to a semi-arid type with bi-modal rainfall. The main rains 
are usually concentrated between mid-June to mid-September, while the short rains usually 
come in March and April with an average annual rainfall of 422 mm. The Afar has seasonal 
calendar as shown on Table 2.  The dominant soils are sandy in texture developed from alluvial 
deposits from flood coming from nearby upland areas. Exposed rocks and gravel dominate 
most of the hills and ridges. 

 
Table 2. Seasonal Calendar of Afar 
 
Months Local name in Afar  Description 
September-December Gilal Windy and cool 
January-February Dababa Foggy 
March-April Sugum Short rain 
May-June Hagai Hot period 
July-August Kerama Rainy season 
August-September Koneito Foggy  

 
Acacia is the dominant vegetation consisting of the following species: A. etbaica, A. nubica, A. 
tortilis, A.mellifera, Salvadora persica, and Aloe species, dwarf euphorbia, are scattered.The 
population of Afar was one million and there are also one million camel and 90 % of the 
population are pastoralists. CSA 

 
Data Collection 

 
The investigation was carried out using Participatory Rural Appraisal (PRA) (Waters-Bayer and 
Bayer, 1994; Catley and Aden, 1996). Direct observations with semi structured interviews and 
discussion were made both individually and in group discussion, with 20 households. 
Whenever quantitative information was sought, direct matrix scoring designed to define from 
the lowest value to the highest value and average values were applied. Afar Community Animal 
Health Workers were used as translators.   
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Abattoir study was conducted in Semera town where 7 camels were slaughtered. The method 
of slaughter was documented.  The dressing percentage was estimated by using the formula 
[body wt. in kg )] where SH is shoulder height, TG is thoracic girth 
and HG is hump girth (Schwartz and Doli, 1992). The carcass weight was determined using 
spring balance. 
 
Cliniical and laboratory examination.  570 camels which were brought to Abala veterinary 
clinic for different treatments. Blood samples were taken using hepartinized vacutinare tube 
Becton Dicknson. Gimsa stained thick and thin blood smear were made for microscopic 
examination for trypanosomes and differential counts.Skin scraping were treated with hot 10% 
KOH and examined for mange mites  and after staining with Gimsa for fungal spores. Fecal 
samples were examined using direct smear and flootation methiods. Ticks were collected form 
the body of the animals. All parasites were identified according Soulsby,(1968). Population 
growth was estimated using predictive formula:  [Population growth 
estimate  . Where A= % adult female above age 4 determined. B= % of 

infertile she camel, C= calving interval. D= survival rate of neonate and E=10% Allowance for 
population mortality and slaughter.  
 
Across-sectional survey herd clinical inspection was done in 72 herds (n=1235).to study the 
study of disease prevalence data were analyzed using descriptive statistics. 
 

Figure 1. Map of Afar Ethiopia  
 
 
 



Animal Production 2012 

 

 221 
 

Results  
 

Camel Complex 
 

The camel complex was a culture of the Afar pastoralists. It is a form of ecological adaptation 
from an emotional attachment to the camel expressed through affection and naming. In the 
Afar name each individual camel has name, camels were involved in rituals such as birth, the 
Afar had a tradition called Budubta when a child is born, was given one female animal from 
each species, and  if lucky that female animal  will reproduce and become plenty. Thereof a 
piece of the child’s umbilicus was put in small pocket and is tied to the neck of the animal as a 
talisman. The camel was also the store of value and conventional medium for exchange of 
pastoralists bride wealth and payment. Camels were appreciated as dowry in marriage, social 
and religious ceremonies particularly during Eid al-Adwa camels were sacrificed.  Camels were 
also used as compensation for crimes or inflicted wounds if a young man is killed the cost was 
20 camels, if an eye is wounded about two camels, each body part had a price and each crime 
had to be paid in terms of camel. Camels were never ridden, except by sick tiered women and 
children during migration. There were a number of sayings about the camel “A father without 
a camel is not a father”. Large number of camel stock signified high social status. 
 

Abundance and Distribution 
 

There were one million camels in the study area. Ownership varied from several hundreds 50-
100 and less 5-10 camels. Mostly in the large herd female were dominant 75%. Males were sold 
for packing and meat. While in small herds mainly males were dominant in number and they 
were used for transport of goods. The distribution of the camel coincided with the distribution 
of drylands, distribution of T. evansi, overlaps with habitat of Muslim societies as shown on 
Figure 1 B.  In these areas there were no horses and mules. But in the south western lowlands 
there are no camels due to cyclically (tse tse) transmitted Trypanosomosis. There were four 
types of breeds milk, meat, dual and baggage camels and were identified by their coat color 
conformation and production. Using the predictive formula   the camel 

herd was growing annually by 2.5 %.  Taking the following parameters as determined in our 
study. Where A= 60 %, B= 10% C= 2 years. D= 0.5 and E=10%.  Some pastoralists at the cross 
border with Somalia were grazing their camels in Ethiopia. We have seen camels around 
Mekelle, Dessie, Harar, and Addis Ababa showing that the camel was also appearing in higher 
altitudes.  

 
Milk Production 

 
Milk was the staple food of the Afar. The diet consist 80% sole milk and 20% bread made of 
wheat or corn flour. In all pastoral systems the milking frequency ranged from 1-4 per day as 
depicted on Figure 2, depending on the necessity and yield. The modal value was three and 
milking hours were 6AM, 3PM and 6PM.  With average yields 5, 2.5 and 2 litters respectively. 
And the Afar believed three milking per day give good yield than two milking. Daily milk yield 
ranged from 0.5 litres to 8 litres with mean total yield of 4.6±1.4 / day Maximum yield up to 9 
litres / milking was observed. Peak lactation was 4±1.2 months post calving .The lactation 
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length varied from 8-24 months the most frequent lactation profile was 15 months as shown on 
Figure 3. Milk yield was estimated 1168-2190/year 3000l/ lactation. The camel was milked on 
standing position as shown on Figure. The importance of the presence of the calf on milk 
letdown was well understood by camel men and in most circumstance the calves were always 
present to imitate milk letdown before milking. At first the calf was brought near by the dam 
no physical contact but with a range of visual and auditory stimulation. If this failed to yield 
then the calf was brought in to physical contact with the dam without suckling and as a final 
option the calf was allowed to suckle few seconds then the dam was milked. Only men were 
allowed to milk the camel in standing position Plate 2G. The calves were partially weaned at 
about 6 months. 
 
The off- take rate was75%, the pastoralist milked three quarters and one quarter was left for 
the calf. When a calf dies its skin was dried and the dummy was shown to the camel during 
every milking. Otherwise milk ejection does not take place. And the lactation would be short. 
Other factors that reduce the lactation period were pregnancy and lack of food and water. If a 
she camel gets  pregnant milk is reduced. Primiparous camels had much lower milk yield and 
shorter lactation than multiparous camels. 
 

 
 Figure 2. Milking frequency        Figure 3. Lactation lengths in camel (Line shows moving 

averages) 
 

Meat 
 

Camel meat is voraciously consumed in the region in second preference to mutton. Camel 
hump and liver are the most prefered parts and may be eaten raw. Meat is eaten either  roasted 
or soup. Excess meat isdried in the sun and smoked. Camels  achieved 350 kg in 6 years as 
shown on Figure 4 . The dressing percentage was 45%. An average price per kilogramm in Afar 
was  about 10 USD. Camels were not slaoughtered every day, only during occations, one or 2 
camel were slaghtered in Asyta the cappital city of Afar. In 80% of the cases, old males were 
slaughtered. But the female gives birth repeatedly to male calf then the calf is slaoughtered to 
descourage the dam from giving male calfs. The slaoughter method is mostly floor system and 
it is flayed from the back not from the belly like other animals. Mostly the slaoughter method 
is halal . The neck is severed at the thoracic junction, camels were not stunned.  
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There are no clear carcass cuts. The Average price of adult camel ranges from 500-1000 USD. 
However , prices tend to flactuate based on seasonal demands  age and sex as shown on Table 
3.  
 
Table 3.  Camel market prices 

 
female Price in USD male Price in USD 
Calf (1m- 1 year 700 calf 600 
Heifer 3-4y 1000 bullock 1000 
Adult 1500 bull 1500 
  baggager 6000 

 
 

 
Figure 4. Body weight and age of camel   Figure 5.  Parturition (Bars) and Rainfall (polynomial 

regression              (Solid line) in camel 
 

Transport 
 

Mostly males were used for packing. The starting age was 5 years. Camels were trained before 
they were set in a line caravan. The camel had higher endurance; they were worked 12 to 16 km 
in a day depending on the route. They carried 205±50 kg without food or water from an 
altitude of 116 meters below sea level at Afar depression Berahle to the town of Mekelle. The 
trip with pack of salt takes from Mekelle town to Dalol 16 days across one of the hottest and 
the lowest place on earth.  The saddles of the Afar camel were called locally Koa, koncha and 
kebel. Koa is wooden made of sticks hanging inverted “V” s attached on both side of the camel. 
Under the wooden frame a cushion was placed on the back. The cushion had a central opening 
for the hump. Apart from salt trade, occasional type of work of camels in the study area was 
packing goods.  Camels were not used for plowing or riding except children, women and sick 
person no body mounts on a back of a camel as a respect for the animal. Males are more docile 
to handle because they are trained to obey the command of the owner. 
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Skin and Hair 
 

Skin and hides were processed locally using plant material. The  Afars produce carpets for 
bedding and saddle, made leather strap and shoe. the camel hide was uneven and it was hard 
like paper after local processing. Cattle skin was prefered. The hair of camel was used to make 
carpet.  
 

Feeding the Camel 
 

Saplemental feeding by cut and carry was practiced  for parturent she camels. Otherwise the 
camels were always browsing. The pastoralist had well established migratory calandar with 
known routes and  teritories. During severe draught however animals were forced to 
concentrate on river areas. Salt was supplemented to camels.And salt supplementation was 
known to increase milk production. The camel in the study area were  voracious consumer of 
salt  100g/camel Camels were sent to a place called Dergha a sort of special soil where animals 
were able to leak mineral on voluntary basis. Its content was not determined.  Animals had 
access to water. The practice of watering in Afar was based on functional groups, pregnant 
camels and males were watered every eight days. Lactating came every other day and those at 
the end of lactation everty 5 days. 

 
Housing 

 
camels were housed based on their age. There were three categories of housing 1) calves less 
than 3 months (Nirigae), 2) greater than 3 and less than 12 months (Ecale) and  3) adult or 
mature non lactating, lactating and pregnant females and the camel bull locally called  shiden  
was thethered. 
 Men made fences using thorny plants thus calfs could not suckle their dams. Male and dry 
camels were herded by men far from the temporary sttlement area. While lactating and 
parturent she camel were kept near the settlement to feed the family. Herds were split among 
family members and kins.  
 

Reproductive Parameters 
 

There was only one camel which manifested sexual activity called rutt or math . A ratting male 
blows a palatal flap as shown  Plate 1 (A), froth, urinates back on its body, does not eat and 
produces a gurgling sound which induces sexual behavior . The camell bull or alpha camel  was 
the largest and the strongest of the herd mates, it  phermonally suppresses the sexual appetite 
of other males. And these males undergo testicular atrophy. If this alpha camel is removed the 
sexual activity of the mals begin and fighting occurs between males, the winer becomes the 
alpha bull. The breeders themselves select a breeding bull.  Criteria are mainly body 
conformation, color and milk production  and pedigree. The pastoralist  detect heat in shee 
camel symptomatically and hand mate it with a bull. The shee camel becomes restless, bleats 
and when approched by the camel bull locally known as shiden flaping the tail, frequent 
urination vulval flipping and accept for coapulation as shown on Plate 1 (C) are signs of heat . 
Coapulation unlike other domestic animals which takes place on standng, in camel it takes 
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place in sittng position Plate 1 (D). The breeders assist the coopultation by redirecting the 
penis for inexperienced bulls. If the camel becomes pregnant then she curls the tail up and 
refuses to further breed. As shown on plat 1 (B) . The reproductive performance of the male 
camel  are  depicted on Table 4,  while that of a female on Table 5 . Several reproductuive 
diseases were known by the Afars they are listed on Table 6. These diseases were considered as 
major causes of infertility.  Distokia is common. A partoralist attending a distokia case is 
shown on Plate 2 (E-F). Shee camels were polyestral round year, partirution peaks in the 
months of June, July and August. 

 
 

 
 
Plate 1. (A) Camel bull protruding palatal flap (B) curling of tail by pregnant female (C) 

courtship behaviour of a she camel in heat (D) hand mating 
 
 

A 

C 

B 

D 
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Plate 2. E) Attending distokia, F) Cleaning the calf, G) milking H) camel pustular dermatitis 

and H) camel mange 
Disease 

 
Table 7, lists camel diseases which were prevalent in Afar. Viral, Bacterial, fungal, parasitic, 
nutritional and production diseases. These diseases were economically important as they 
reduce production and reproductive performance of the camel.  
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Table 4. Reproductive parameters of male camels 
 

Parameter Mean SD Range 
Age at puberty 4.8 0.9 3-7 
Peak rutting vigor 7.85 0.5 6-9 
Mounting /day 9 2 2-14 
Refractory period 40 12 30-100 
Duration of copulation 7.3 1.46 2-10 
Reproductive span 11.5 1.2 8-15 
Male to female ratio 1:150 75 25-200 
Age for castration 5  0.4 4-6 
Seasonality Year round  

 
Most disease affects the young. Particularly skin diseases, Orf and dermatomycosis are shown 
on plate 2 (H) and (I) respectively. Neonatal mortality was high as shown on Table 7. 
Trypanosomosis, camel, pox, pneumonia, camel mange were ranked most serious diseases. 
 
Camels inhabit remote areas thus pastoralists have to treat their camels by themselves and 
they used various therapies. A number of surgical and herbal treatments were employed. The 
following surgical procedures were practiced: Coutery, venosection, implant, castration, tail 
docking, ear cropping, tonsillectomy, incision wound dressing, bone setting, trocharization, 
excision, dehorning, tooth extraction, restraining, and obstetrical manipulations. They also 
employed various herbal animal tissues and mineral therapies. The route of administrations 
was topical parentheral and inhalation.  

 
Discussion 

 
Pastoralism is a dynamic system; pastoral societies pursue multiple resource economies in 
which the balance between pastoral and non pastoral activities is constantly changing in 
response to changing circumstances. The Afar communities were under pressure for change. 
The various pressures on the Afar can be summarizing a) Table 7. Mortality rate (%) in camel 
expansion of agriculture b) expansion of Wildlife Park and sanctuaries c) expansion of agro-
pastoralism d) encroachment of range land by unwanted species e) population growth f) 
drought g) sedentarization and h) urbanizations.  The Afar pastoralist have lost 23 thousands 
hectare of grazing land by direct encroachment and irrigation this area support 25500 livestock 
during dry season (Said, 1997). 
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Table 5. Reproductive parameters of female camels 
 

Reproductive parameter Mean SD Range 
Age at puberty (Years) 3.84 0.71 2-6 
Age at first calving (Years) 5 0.84 3-6 
Days to first service 12 3.2 9-18 
Days open 14 6 12-24 
Number of service per conception 1.8  1-4 
Conception rate 60 18 55-80 
Calving interval (Months) 25.8 4.2 18-36 
Calving rate 90 10 80-95 
Gestation length 13 1.2 12-13 
Reproductive span (Years) 17 2 12-24 
Life time calf production 8 1 6-11 
Length of gestation (days) 375.8 10. 365-395 
Distokia 2 1.2 2-8 
Seasonality Year round   
Table 6.  Reproductive disorders in camel 

 
male female 
Disease Name in Afar Disease Name in Afar 
orkitis Bera’a Metritis ootcadabhintia 
paraphemosis Delle Mastitis due 
Balanitis Dhuh Vaginal prolapse basur 
phemosis hayishowoso Infertile medelayto 
  Repeat breeder gerarta 
  Anestrus guhay 
  Abortion Bihay 
Table 7. Survival rate in camel 

 
 Mean SD Range 
Abortions 0.5 1 0-5 
Still births 0.1 0.7 0-2 
Weaning age 6 5 3-9 
Preweaning calf mortality 25 15.2 0-20 
Post weaning calf mortality 4 2 1-10 
Adult mortality 9 1.5 1-10 
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Table 8. Major health problems of the Afar camel 
 

Disease Disease Name In 
Afar 

Morbidity 
Rate% (n) 

Age of Animals Seasonal 
Occurrence 

Trypanosomosis 
(T. evansi) 

Gendi/ 
Haishewase 

 4 (590) All age Dry season 

Camel Pox korbod 10 (2) Young Seasonal 
Pustular 
Dermatitis 

Autuca 31( 5) Young Year round 

Dermatomycosis galidelae 7(2) Young Wet season 
Tick 

Hyaloma 
Amblyoma 
Rhipicephalus 
Boophilus 

Kilintu 100% (72)  
3.6  
0.4 
96 
0 

All age Dry season 

GIT Parasites 
Ostertagia 
Haemoncus 
Trichuris 

begidayyra 37(590) 
18 
8 
14 

Adult Wet season 

Pnemonia bohu 0.5(72) All age All year 
Camel 
Cephalopsis 

 42 (3/7) Adult  

Balantidiasis  70 (590) Adult Year round 
Saddle Wounds kusli 27 (590) Adult male Dry season 
Lamness Ramos 0.5(72) Adult  
Pica  0.1(72) Adult female  
poisoning Andal 2(226) Adult Dry season 

 
Population growth is the greatest challenge in the area as per capita livestock holding had 
decreased from several hundred /person to few units. Due to the above listed pressures the 
camel is disappearing from its former range and reappearing in new range. The reason why the 
camel appeared in higher altitude was partly new farmers might have adapted the camel for 
packing as it is drought resistant and partly, due to an increase in the camel population. 
Nevertheless, the increase in number is not due to increased fertility but due to relative peace 
in Ethiopia many Somali camel pastoralists were living inside Ethiopia (Tefera and Gebreab, 
2001). Or, an increased trade-off as settlement was expanding creating a new habitat. As former 
pastoral areas were converted to settlement and irrigation and parks camel pastoralists would 
be forced to brows their animal in remote areas as a result the camel had disappeared from its 
former range. With highly variable rainfall, the pastoral economy was typically the bust and 
boom type. It was boom when rainfall was plentiful, herds and flocks grow and produce 
sufficient amount (Scoones, 1994). And it was bust when extended dry periods and drought 
occur. During these periods livestock production and productivity rapidly decline to the extent 
of causing mortality.  In an effort to reduce risk the Afar pastoralist had developed various 
coping strategies. Herd diversification and multispecies stock were maintained with different 
production, growth rate and functions these enabled them the exploitation of different niches. 
Mobility was another strategy. Tracking rain fed forage did not follow regular pattern. Thus the 
Afar pastoralists had a flexible migration pattern. This seasonal migration pattern was 
oscillatory type of movement up and down the Awash valley and new territories in periods of 
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severe drought. In the recent past many pastoralists became sedentarized either practicing 
farming, trade or become employed thus breaking former traditional values as well as the value 
of the camel. 
 
Reproductive indices can be used as indicators of health, to measure responses to treatment or 
control measures they are used as guide to husbandry and management question. Afar camels 
reach puberty at relatively advanced aged, calving interval was 2 years. The overall effect is that 
the parent herd is growing very slow while human population is growing at a higher rate. 
Generally, the reproductive performance of the camel in this study was poor and this is in 
agreement with the other studies areas (Aboul, 1994, Arter and Abraham 1985; Arthur, 1989). 
Seasonal fluctuations, watering frequency draughts are directly related with forage availability 
production and reproduction could thus fluctuate. For this reason, it was difficult to exactly 
determine the maximum production and reproduction potentials. Although the camel is 
capable of thriving in harsh conditions provided good management nutrition and health care, 
productivity is anticipated to increase.  
 
The camel as work animal has not declined despite motorized transport due to rising spare 
parts, oil price and absence of infrastructure. But with the rising oil cost and environmental 
concern there is still a prospect for camel rising. The Afar camels are mainly used in the salt 
trade rout e of camel caravan in Berahle village 116 meters below sea level to salt market in 
Mekelle town. The main advantage of the camel as beast of burden is it does not require roads; 
the price of oil is rising, cost of machinery and spare parts also. Thus draught animal 
technology is an alternative strategy as sustainable solution to poor farmers. 
 
The camel meat is gaining market value the price was higher than mutton these days has 
higher value. Many camels are exported from Ethiopia to Middle East. However there was no 
single camel fattening ranch or camel dairy in the area. Indicating there was no value adding 
enterprise. In agreement to our study camels were not efficient meat producers owing to slow 
growth rate of the individual camel and the heard as a whole (Knoess, 1977). 
 
Camels are good milk producers.  We have observed up to 9 liter of milk per milking. But 
camel milk markets are poorly developed in the Afar due to traditional taboo of milk sales. In 
other areas of Ethiopia, nawa days, the Somali are marketing milk. Butter production from 
camel milk is nil due to unsaturated fatty acid composition of the camel milk (Faye, 1997) thus 
should be marketed fresh another constraint for keeping its quality in hot areas. The calf 
mortality was very high. Most diseases like camel pox, pustular-dermatitis, dermatomycosis, 
and camel mange. In addition the camel calf has larger body surface area thus it is prone to 
cold. Many other diseases are still rampant Trypanosomosis, ticks, and internal parasites. Our 
disease investigations are in agreement with other studies (Buvier, 1975; Boid et al, 1985; 
Higgins, 1985, McGrane and Higgins, 1985). Sometimes outbreak of the unknown camel 
diseases occur particularly during dry season when livestock concentrate around watering 
points.   
Apparently the zoonotic importance of the camel is low compared to other livestock as 80% of 
the Afar diet was camel milk and we did not come across any report on of milk born diseases 
like brucellosis and tuberculosis nor a complaint from the pastoralists in the Afar area.  
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In conclusion, camel production could be considered as monoculture, a homogeneous culture 
with very little diversity or dissension. Similar husbandry methods and similar products in the 
camel belt area of the horn of Africa. Despite people try to classify camels, phenotypically and 
production wise, the differences between breeds were not as wide as other domestic livestock. 
Camel pastoralism is the most efficient mode of life adapted to arid and semi arid 
environments. An adequate understanding of traditional camel production practices forms the 
foundation upon which improvement and innovations could be based. Rapid socioeconomic 
changes are hindering its sustainability. Camel production within the pastoral system is 
becoming increasingly fragile or destroyed altogether as the system itself is subject to pressure.  
Although within the advent of rapid changes camel production will remain important in the 
region. Pastoral production system has internal dynamism in response to socioeconomic 
changes any positive gains expected should be evaluated against the functional aspect of 
indigenous practice. The poor production and reproductive performances necessitate the 
provision of improved management system and incorporated animal health care extension 
service in development projects. 
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Abstract 
 

The study was carried out in three districts (Seka chokorsa, Mana and Dedo) of the Jimma 
zone, south western Ethiopia, with the objectives of characterizing livestock production 
systems and to identify and prioritize the major constraints and opportunities of livestock 
intensification in the area. A total of 180 households were selected for the detail study using 
a systematic sampling method, 60 households from each district. Data were collected 
through a structured questionnaire and focus group discussion. SPSS statistics 19th version 
was employed for data analysis. Significant differences were observed between production 
systems for some of the studied variables (P<0.05). About 87.78% (n=158) of respondents 
housed their livestock at their home at night and part of the day, while the rest (12.22%, n=-
22) kept at night enclosures and open yards (P<0.001). Animals were acquired through 
purchase (28%), gifts (10.52%) and reproduction (61.48%) while they were disposed 
through sale (46.44), gifts (4.98) and slaughter (48.59%) (P<0.05). Most of the livestock 
breeds (98.87% cattle, 100% of small ruminants and equines) were local type and mating 
was uncontrolled and is characterized by low productivity. Age at first parturition 
(mean+SE) for local cow, ewe, doe, mare and Jennies were 4.66+0.05, 2.29+0.11, 2.10+0.03, 
4.94+0.08 and 6.20+0.20 years, respectively. On the other hand, parturition intervals 
identified for cow, ewe, doe, mare and Jennies were 25.02+0.37, 15.80+3.1, 15.48+2.70, 
35.6+1.10 months and 2.56+0.10 years, respectively. The main sources of feed in the districs 
were natural pasture (30.39%), aftermath and road side grazing/browsing (19.34%), fodder 
trees and shrubs (17.12%) and crop residues (17.67%)(P<0.05). The smallholder milk 
production system is dominated by subsistence farming. The major constraints identified 
were feed shortage, poor access to improved extension services, lack of improved cattle 
breeds and distance to marketing points and poor administrative mechanisms to restore 
range ecosystem(P<0.05).Pasteurolosis, anthrax, fasciolosis, trypanosomiasis and black leg 
were the major reported cattle diseases. The general indication is that livestock 
productivity is not improved. There is, therefore, an urgent need for research in organic 
livestock production to design improvement strategies in the area of genetics, management 
systems and make available suitable technologies to produce feeds to help in the 
development of sustainable livelihood of resource poor farmers while preserving the 
natural environment.  
 

Keywords: Constraints, Jimma, Livestock, Mixed Farming, Production System 
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Introduction 
 
Ethiopia has great potential for increased livestock production, both for local use and for 
export (MoFED, 2002; Solomon, 2004; Seyoum et al., 2007). However, expansion was 
constrained by inadequate nutrition, disease, a lack of support services such as extension 
services, insufficient data with which to plan improved services, and inadequate information 
on how to improve animal breeding, marketing, and processing (Zinash et al., 2000; Ayalew et 
al., 2001; FAO, 2004; Alemayehu, 2006). Livestock husbandry plays an important role in 
agricultural development in Ethiopia, which is the backbone of the economy (MoARD, 2006; 
Solomon, 2004). Livestock are source of income, milk, meat, hides, skins, manure, and also a 
means of employment (ILRI, 1999; MoFED 2005; Solomon et al., 2003). In addition, oxen are 
used for traction power in traditional faming systems, indicating close interdependence of crop 
and livestock production systems (Solomon, et al., 2003). Crop-livestock interaction farming 
systems have been viewed as the poverty saving net for resource-poor rural farmers in the 
developing countries where the farmers are generally poor and unable to afford conventional 
fertilizers for soil fertility maintenance (Omolehin et al., 2007).  
 
Apart from additional income derivable from the inclusion of livestock in the farming 
enterprise, other benefit is the increase in crop yields made possible through the availability of 
animal manure for soil fertility maintenance (Omolehin, 2005).The demand for live animals 
and their products is increasing due to the growing urban population, while farm areas are 
shrinking considerably as a result of an increase in the rural population (Kosgey et al., 2003; 
Salem and Bouraoui, 2008 ; Henry,2011; Mousa, 2011). Furthermore, meager information is 
available on the general husbandry and management practices, productivity, constraints and 
opportunities of organic livestock production in southwest Ethiopia in general and Jimm zone 
in particular where livestock are of considerable importance to the livelihood for growing 
population. This study was, therefore, initiated to characterize the smallholder livestock 
production systems, identify and prioritize the constraints which impact the development of 
livestock sector in the area, and to suggest opportunities for improvement. 

 
Materials and Methods 

 
The Study Area 

 
The survey was carried out in three selected woredas (districts) of Jimma zone, southwest 
Ethiopia, located around Jimma city. Jimma city is found 350 km away from Addis Ababa and 
lies between 36050´E longitude and 7040´N latitude at an average elevation 1750 m.a.s.l 
(http://en.wikipedia.org/wiki/Jimma). The study districts are believed to represent the mixed 
crop-livestock farming systems of southwest Ethiopia. The climate of the area (GOR, 2006) is 
characterized by humid tropical with bimodal heavy rainfall which is uniform in amount and 
distribution, ranging from 1200 to 2800 mm per year, with short and main seasons occurring 
from mid February to May and June to September, respectively. In normal years, the rainy 
season extends from mid February to early October. The ten years mean annual minimum and 
maximum temperature of the area was 11.3°C and 26.2°C, respectively. The size of the land 
holdings varies generally from 0.25 to 2.5 ha. Barley, teff (Eragrotis teff), wheat, pulses (beans, 
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peas), maize, sorghum, coffee, fruits, potato and enset (Enseteventricosum) are among the 
major crops grown in the area. Cattle production is characterized mainly by traditional 
smallholders that are kept in freely-grazing communal rangelands throughout the year. 
Nitosols are the most abundant covering about 90% of the study area, which is dark reddish 
brown in color, slightly acidic. The area has slightly undulated to plain terrain feature. 
 

Sampling Procedure and Data Collection 
 
Reconnaissance field survey was conducted to have the notion of understanding about the 
study area and to select the representative study sites. Multistage sampling technique was 
employed to identify the study population, where the districts were purposely selected based 
on representation of the mixed crop-livestock farming systems in humid agro-ecological 
conditions of south west Ethiopia. Peasant associations (PAs) and farmers in the PAs were 
selected using systematic random sampling technique. Households (HHs) that have at least 
one species of each livestock at the time interview or farmers who have a minimum of ten year 
experience in livestock production were randomly selected. Accordingly, 60 households from 
each PAs, a total of 180 households, were randomly selected to participate in the study. The 
selected farmers were approached using a structured questionnaire that was pre-tested with a 
few farmers. Questions were re-framed, after pre-tested, in such a way that farmer would 
provide information that was most recent and easy to recall. Group discussions were held with 
8 key informants once in each study area in order to gain an in-depth insight about the topics 
covered during the structured interview and to check whether patterns found in the 
households were validated by focus groups.  
 

Data Analysis 
 
Quantitative variables like mean size of HH socio-economic characteristics, land and livestock 
holding per HH, livestock holding trends, lactation and reproductive performance parameters 
were subjected to one-way analysis of variances whereas qualitative variables (frequencies and 
percentages) were analyzed and compared crossways the study districts following crosstabs in 
SPSS (SPSS, 2010 version 19). For all types of data significance differences were declared at 
P<0.05. Turkey test was used to separate means of quantitative variables. 

 
Results and Discussion 

 
Household Characteristics  

 
Household (HH) characteristics per district are summarized in Table 1. The statistical analysis 
revealed that in Seka, Dedo and Mana districts; most of the respondents were middle aged 
(43.62±1.32, 41.00+1.25 and 45.88±1.04 years, respectively (P<0.05). All age groups of the present 
study were included under productive age group of between 15 and 65(Rownan, 2004). The 
average numbers of children per household in the districts were 6.43±2.98, 6.58±3.64 and 
6.39±3.40, respectively. There were a relatively larger number of children per household in all 
the three districts; however, statistically significant difference was not observed between the 
districts (P>0.05). Having many children is thought as an asset for supply of labor for farming 
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activities and being large in number in a household has social prestige showing the strength of 
that family or clan. The average HH size of each district was 8.79±3.01, 9.45±3.17 and 9.63±3.11, 
respectively (P<0.001). 
 

 
The highest values in household sizes could be due to practices of polygamous marriages as 
well as meager family planning activity in the districts. The results of this study agree with the 
findings of Kuma et al. (2006) and Daba (2011). The present figure is greater than the Ethiopian 
national average for household size (7.4) and sub-Saharan average (5.6) (USAID, 2009). About 
90.16%, 73.33% and 70% of the respondents in Seka, Mana and Dedo districts, respectively were 
illiterate. Educational status of the HH head and level of training had a significant difference 
among districts (P<0.05). This would seem to infer that training opportunities should be 
accessible to HH members who are not heads and HH heads too. 
 
Note: Remove vertical rows from the table below except for column headings 

Numbers in the parenthesis are number of interviewed farmers, means in the same row for 
each parameter with different superscripts are significantly different (p <0.05); 
*P<0.05;***P<0.001; NS: non- significant difference; SE: standard error of means 

 
Land Holdings 

 
Respondents explained about the land use patterns mainly for three purposes: crop 
production, livestock (grazing) and wood production (Table 2). Mean landholdings between 
the districts showed significant variation (P<0.05). Mean landholding values in the studied 
districts are categorized between small and medium land size as compare to Ethiopian national 
average (Workneh, 2005), which calls for intensification of livestock production in the area. 
According to the 91.67 % (n=163) of respondents, the total land holding per HH over the last 30 
years had decreased; yet 10.63% (n=17) of respondents agreed that size of land holdings for 
crop, grazing and wood production had increased overtime (P<0.05). Therefore, it is clearly 
shown that there is shrinkage of landholding by HH over the past 30 years. This can be 
attributed to the population increase over the three decades. Studies done by Agajie et al. 
(2002), Daba (2011) and Dereje (2011) found comparable results where they blamed population 

Characteristic 
District mean (+SE) 

Seka Mana Dedo P 
Age of respondent 43.62±1.32ab 45.88+1.04a 41.00± 1.25b * 

Number of children 6.43±2.98 6.58±3.64 6.39±3.40 ns 
Household size 8.79±3.01b 9.45± 3.17a 9.63± 3.11a *** 

                  District % (frequency)  

Marital status of 
the HH head 

Single 0% (0) 3.33%(2) 3.33%(2) 
NS 

Married 100%(61) 96.67%(58) 96.67%(58) 

Educational status 
of the HH head 

literate  9.84%(6)   26.67%(16) 30%(18) 
* 

Illiterate  90.16%(55) 73.33%(44) 70%(42) 

Table 1.  Summary of household characteristics per district  
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pressure for declining trend of landholding per HH in mixed crop livestock production 
systems. Traditionally, there is sharing of household lands among children whenever they 
initiate new families resulting in smaller and smaller land size.  
 

Table 2.  Mean landholding (ha) (+SE), use patterns by household per district and 
percentage of respondent farmers perceived a decrease in landholding status (n= 180 for 
each district)  

 

Characteristic 
District mean (+SE) 

Seka Mana Dedo P
  Grazing (pastureland) 0.28±0.06ab 0.46+0.08a 0.21± 0.03b *

  Crop land  (arable) 2.02±0.77a 1.85±1.12a 1.75± 0.10a *
  Bush/wood land 0.19±0.04a 0.08±0.03ab 0.02±0.0.02b *

  Total land 2.49+0.18a 2.38+0.15ab 1.98+0.11b *
  Decreasing trend in     

   landholding,% 81.56c 92.53b 97.56a **

*P<0.05; **P<0.01; SE, standard error of means; different superscripts in a row indicate 
statistically significant difference among the districts 

  
Income Sources of the Households 

 
In the study area, both crop and livestock production combined the major sources of HH 
(P<0.05) (Table 3). Livestock alone is the second important sources of income followed by crop 
prodctionand in all the districts and the variation is statistically significant (P<0.05). According 
to the results of the study, livestock production is considered for a source of income and 
survival. The proportion of income generated from livestock is smaller than reports of central 
highland regions of Ethiopia (CHRE). Livestock income contribution to HH is relatively higher 
for CHRE, averaging between 30 and 50% (Gryseelset al., 1986), in value terms, in both areas. 
 
Table 3. Sources of income for living in the studied households  

 
Income sources for the households    Seka  Mana Dedo P 

Livestock and its products,% 19.67a 20a 13.33b * 
Crop production, % 29.51 30 25 NS 

Crop and livestock production,% 40.98b 41.70b 55a * 
@Non- farm activity,%     8.20 8.33 8.33 NS 

 
@Non-farm activity includes petty trade, weaving of clothes, private, wage labour, stockbroker, 
etc; *P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts; NS, non-significant difference 
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Livestock Composition and Ownership  
 
Relatively large average holding of cattle, and sheep was recorded in Mana (P<0.05) (Table 4). 
In all the districts, cattle were ranked first in population followed by sheep, goats and donkeys. 
Cattle were the main livestock species in the smallholder agricultural sector because of their 
multiple uses. Cattle are the major source of draught power, beef and milk for geometrically 
growing human population. The relative population of equines is found to be low as compared 
to other provinces of Ethiopia. This might be attributed to climatic influences and cultural 
preferences. The animals dislike humid climate, and are susceptible to pneumonia and 
bronchitis when chilled (Merera et al., 2005).The former provinces of Gamo Goffa, 
Keffa(including Jimma zone) and Wollega shared the lowest levels of all provinces in Ethiopia 
suggesting environmental conditions maybe a significant factor (Bryceson and Howe, 1989). 
 

Table 4. Mean (+SE) livestock composition and ownership by HH across the district   

Species 
District mean (+ SE) 

Seka Mana Dedo P 
Cattle 4.38+0.10b 5.25+ 0.17a 4.46+ 0.13b * 

    Donkeys 0.45+0.09 0.37+ 0.05 0.43+0.15 NS 
Horse 0.18+ 0.08 0.15+0.05 0.30+0.13 NS 
Mule 0.20+0.10 0.12+0.06 0.48+0.03 NS 
Sheep 2.90+0.18b 4.83+0.58a 2.77+0.13b * 
Goats 2.52+0.16b 2.42+0.20b 3.22+0.08a ** 

*P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts 
 

Housing System, Means of Acquiring and Disposing Animals 
 
Majority of 88.33% of respondents (n=159) housing different species of their livestock at their 
own home at night, which is not separated from their own living house and part of the day. 
While the rest (11.67%, n=21) kept at night enclosures and open yards, which are separated 
their own home (P<0.001). The results of present study agrees with reports of Abrha (2007) 
who reported similar finding in Tigray national region of Northern Ethiopia where livestock 
housing is very primitive even compared to sub-Saharan African standard. Animals were 
acquired through purchase (3.33%), gifts (3.89%) home breeding (92.78%) (P<0.05) while they 
were disposed through sale (46.44%), gifts (4.98%) and slaughter (48.59%) (P>0.05). The fact 
that majority of the animals are acquired from home breeding means, there is chance for 
inbreeding and hence impaired performance of the livestock. Similar reports were obtained 
from Darolabu of Hararghe region (Dereje, 2011) and some parts of Jimma zone (Oumer, 2011). 
Animal houses are too primitive and animals are not kept in a good welfare. Animals are 
exposed to many transmissible diseases. Houses are neither built to reduce ammonia and 
methane emissions to the environment nor to reduce losses of manure and nutrients which in 
turn results in considerable amount green house accumulation. High ammonia concentration 
is suspected to contribute to increased incidence of bronchial diseases among people engaged 
in indoor animal production. Now, gases produced by livestock farming, such as ammonia, 
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nitrous oxide, and methane, are being increasingly considered as well (Arogo et al., 
2001;Ratschow, 2004). 
 

Table 5.Housing system, means of acquiring and disposing animals 
 

  Districts  
 Housing system Seka Mana Dedo overall P 
HHNP,% 95a 96.67a 73.33b 88.33 * 
Enclosures/open yard, separate room,% 4.92a 3.33b 28.33c 11.67 *** 
      Acquisition of animals      
Home breeding 88.33 90 100 92.78 NS 
Purchase 3.33 6.67 0 3.33 NS 
Gifts 8.33a 3.33b 0c 3.89 * 
       Animals disposing through      
Sale 40.98c 48.33b 50a 46.44 * 
Slaughter 54.10a 46.77b 45b 48.59 * 
Gifts 3.28c 5.00b 6.67a 4.98 ** 
*P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts; NS, non-significant difference 
 

Role of Livestock for the Livelihood of Resource Poor Farmers 
 
In the study area, livestock husbandry is being practiced for food (milk, milk products and 
meat), fiber (hides and skin), draught power (traction, pack transport, sport/riding, cart 
pulling) and cash income (Figure 1) since time immemorial. Livestock keeping, however, is 
primarily a subsistence activity to meet household food needs and supplement farm income. 
Accordingly, the overall survey result of 53.33% (n=96) and 41.67% (n=75) of the respondents 
assured that livestock are source of food, and cash, respectively (Figure 1). Livestock, mainly 
oxen complement crop production by supplying draught power in all the districts. There is 
little practice of using horses and donkeys as solution for draft oxen shortage. Moreover, 
livestock are given as a marriage gift for young married couples (personal experience). Farmers 
also sell livestock to mitigate household problems like medication, school fees, payment for 
fertilizer credits and purchases and others. Livestock also plays an important role in 
maintaining the livelihoods of the farmers by providing social and cultural identity, medium of 
exchange, and means of savings and investments. Food security through livestock keeping, 
however, in Jimma zone, would be influenced in three ways: a) Direct use of products like 
meat, milk and milk products, 2) Using the income from milk, manure, or animal sale to buy 
food, and 3) Using manure as fertilizer to improve household food production like vegetable 
and other food crop production. Like in many developing countries, domestic animals play a 
crucial role in Ethiopia, they constitute as source for traction power, income, in provision of 
milk and meat (Assegid, 2000; Asnakew, 2005). 
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Figure 1.The relative importance of livestock in each district 

 
Livestock Holding Trends 

 
About 66.9% of the respondents across the districts disclosed a decreasing trend in the number 
of livestock per HH through time (P<0.05) (Table 6). According to the respondents, there were 
different reasons for decline in livestock holding per household. Among the reasons, feed 
shortage was the major. Feed is critical element in livestock production in the study areas 
where there is sequential shortages of both grazing and farmlands. Decline in livestock 
population per HH might be due to the associated expansion of crop cultivation as it was the 
cause in south East Asia (Crotty, 1980). This was presumably the root cause for all problems 
perceived by the respondents that resulted in shortage of land, depletion and degradation of 
rangeland and other natural resources. The second most important reason for the decline in 
livestock number is disease epidemics. The humid climate in the study areas favour outbreak 
of different diseases that in turn have adverse effect on livestock population. 

 
Feed Resources and Feeding System 

 
Livestock were fed on diverse feed stuffs (Table 8). The major feed resource bases of the 
districts identified were  natural pasture (mainly communal), after math grazing, crop residues, 
green fodder, and non-conventional feeds like attela, house left over, grain mill byproducts, 
chat(Catha edulis) left over, coffee pulp and husk(P<0.05). Grazing on natural pasture is the 
most dominant feeding practice for the livestock species (P<0.05). Livestock are reared on 
natural pasture under continuous grazing systems. Natural pasture in the high altitudes was 
rich in pasture species, particularly indigenous legumes (Yisehak et al., 2010). According to the 
same author, the proportion of legumes tends to increase with increasing altitude particularly 
above 2,000m. There is a wide range of annual and perennial Trifolium spp and of annual 
Medicago spp. At lower altitudes native legumes were less abundant and commonly have a 
climbing or sprawling growth habit which renders them more susceptible to loss through 
grazing. The most common grasses observed were species of Pennesetum clandestinum, 
Cynodon dactylon, Digiteria spp, Eragrostis spp, Sporobolus spp, Brachiaria spp, Phalaris spp, 
Hyparrhenia spp, Eleusine spp, and Andropogon spp. In the wetter areas, sedges of the genera 
Carex, Eleocharis, and Mariscus occur. Junicacea species are also the prevailing plant species of 
wetter areas. 
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Table 6. Livestock holding over the last 30 years and perception of respondents about the 
reasons for decreasing trends of livestock  
 
 %                                                            %    
Trend Seka Mana Dedo P Core 

reasons 
Seka Mana Dedo OrM P  

Increasing 31.67a 13.33c 26.77b ** Feed shortage 44.26b 53.33ab 58.33a 52.22 * 
Decreasing 60b 73.33a 68.33b * Diseases 37.70a 16.67c 23.33b 26.11 * 
No change  8.20b 13.11a 6.56c ** Land 

shortage 
18.03a 13.33b 18.33a 16.67 NS 

       Poor 
productivity  
of local 
breeds 

0b 16.67a 0b 5.56 
 

** 
 
 
 

OrM, overall mean;*P<0.05; SE, standard error of means; different superscripts in a row 
indicate statistically significant difference among the district; NS, non-significant difference 
 
As indicated in the previous table (Table 6) about 51.67% (n=93) of respondents witnessed that 
the major constraint for livestock sector in the area is animal feed. Feed shortage is prevalent 
though out the year; the shortage of feed occurs both in dry and wet seasons (Yisehak and 
Belay, 2011). Leaves from multipurpose trees (Aynalem and Taye, 2008), bushes, and shrubs 
were provided during the end of the dry season while the main feed resource base was scare.  
 
Due to continuous stocking and over grazing of pastures and road sides, soil erosion was 
developing into major phenomenon. Encroachment of the less palatable and preferred plants 
like Sidaspp in the major grazing areas become a major problem of livestock production 
(Yisehak et al., 2009).Tethering, and cut-and carry were mainly practiced in major cropping 
seasons. The practice of feed conservation in the form of hay was almost non-existent (100%, 
n= 180) in the entire production year. However, crop residues (straws and stovers) were used 
by 19.67, 16.67 and 16.67%of respondents in Seka, Mana and Dedo districts, respectively 
(P>0.05). Supplementation of non-conventional feed resources such as Attela, local beverage 
by-product, was practiced only by 14.75, 11.67 and 20% of respondents in the districts, 
respectively, mainly as energy source (P<0.05). About 10.55 % (n=19) of the respondents 
supplement grain shorts from local grain mill houses. Majority of the respondents 73.77%, 75% 
and 73.34% of farmers in Seka, Mana, and Dedo, respectively used table salt for lactating cows 
as mineral supplement while 9.84, 5.0 and 0% of the respondents, respectively in the districts 
supplement cereal grains for draught oxen and lactating cows as energy source. 
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Watering 
 
About 85.50%, 79.70% and 87.64% of respondents in Seka, Mana and Sedo, respectively 
watered their livestock from nearby rivers and streams (Table 7). Sick and immature animals 
were watered from the same sources but were mechanically assisted by shepherds. Only 6.11 %( 
n=11) of respondents offered relatively clean water from boreholes (P<0.05).  
 
Table 7.  Major feed resources and proportional utilization of feed resources in Seka, Mana and 
Dedo districts of Jimma zone 
 
 
Feed resources 

District proportion  
Seka  Mana Dedo P 

Main feed types,% of respondents       
 Natural pasture and road side grazing/  browsing 29.50  26.67     35 * 
 Aftermath grazing 18.03 25    15 * 
 
 

Green feed (cut grasses, legumes, crop thinning/weed, 
fodder  trees and shrubs) 

18.03 20 13.33 * 

 Crop residue(straw and stovers) 19.67 16.67 16.67 NS 
 Non conventional feeds  14.75 11.67 20          * 
         Subtotal,% 100 100 100  
Supplementary feeds, %        
 Mineral supplement (Common salt) 73.77 75 73.34 NS 
 Cereal grains 9.84 5.0 0 *** 
 Agro-industrial by products  0 0 0 NS 
 Food mill by product, grain shorts 8.20 10.0 13.33 * 
 Non-conventional feed stuffs 8.20 10.0 13.33 * 
 Subtotal 100 100 100  
Source of water, %     
 River 94.70 92.20 96.30 NS 
 Bore hole 5.30b 7.80a 3.70c * 
 Subtotal 100 100 100  
Watering frequency,%     
 Adlibitum 85.50 79.70 87.64      NS 
 Two times a day 5.20 7.99 7.33      NS 
 Once a day 9.30b 12.31a 5.03c      ** 
 Subtotal 100 100 100  
Practice of feed conservation in the form of hay 0 0 0 NS 
Feeding system,%     
           Free-ranging 68.85 86.67 83.61 NS 
          Cut & carry/zero grazing 13.11a 5.00b 4.92b ** 
          Tethering 18.03a 8.33c 11.48b * 
      Subtotal,% 100 100 100  
*P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts; NS, non-significant difference 
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Major Diseases of Livestock 
 

The percentage of respondents and the corresponding diseases of livestock are shown in 
Table8. The major diseases outbreaks were anthrax, black leg, foot and mouth disease (FMD), 
locally known as Maansa, and CBPP. Though disease like CBPP, locally known as samba and 
black leg occur year round, their highest prevalence periods were December-May and June to 
October. The higher number of respondents agreed that higher prevalence rate of anthrax 
(14.22%, 15.53% and 12.30%, respectively across the districts) was in the drier season of the year. 
This might be attributed to close grazing of tough, scratchy feed of this season which injures 
the buccal area of animals/cattle. However, according to 15.35% percent of respondents anthrax 
and black leg were irregular in their frequency of occurrence. With reference to 7.73% of 
respondents the occurrence of FMD was once a year. Abortion as a reproductive disorder in all 
classes of livestock was reported by 7.0% of respondents. Flea and/or lice infestation was 
aliments mentioned economically important external parasites. Ectoparasite infestation 
imposes economic losses as a result of reduction in leather quality, reduction in body weight 
gain, and milk yield, occasional mortality, reduction in performance in draught animals and 
losses associated with treatment and prevention of diseases (Regasa et al., 2006).  

 
Table 8. Livestock diseases across districts 

 

 
*P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts; NS, non-significant difference 

 
Production and reproductive performances 

 
The productive and reproductive performances of different species of livestock are presented 
in Table 9. Age at first calving (AFC) in cattle has increased to 4.66+0.05 years (n=180). This 
finding was higher than values reported by Takele et al. (2007), Adugna and Said (1992), Yitaye 
et al. (2000) and Alganesh et al., (2004). The mean lactation yield of cattle is comparable with 
reports of Adugna and Said (1992) but lower than what had been reported by Ayalew, et.al. 
(2004) for Oromia region, FAO (2004) for the national average and Takele et.al. (2007) for 

 
Diseases(Vernacular name) 

Districts  
    Seka Mana Dedo OrM P 

Anthrax (Abba Sanga) 14.22 15.53 12.30 14.02 NS 
Black leg (Abba Gorba/sinchi) 17.17a 18.44a 14.20a 16.60 * 
Mastitis (Mucha Dhiitesa) 7.20b 6.34c 10.23a 7.92 ** 
Pasteurollosis (Gororsiisa) 18.51a 13.53c 15.51b 15.85 * 
FMD (Okkolcha/Maansa) 6.24 8.73 8.22 7.72 NS 
Brucellosis (Abortion) 8.13 6.84 6.03 7.00 NS 
CBPP (Samba) 15.0 13.14 17.10 15.08 NS 
Fashiola 7.23 9.12 7.21 7.85 NS 
Trypanosomosis (Gandi) 6.30 8.33 9.20 7.94 NS 
Subtotal total 100%  100%  100% 100%  
Ectoparasite,flea/lice & tick 73.60  71.27 75.30 73.37 NS 
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Sheko cattle in south western Ethiopia. The mean lactation length found in this study (FAO, 
2004) is also lower than what had been reported by Yitaye et al. (2000) for indigenous cattle in 
southern Ethiopia. Similarly, the average lactation length reported by Mulugeta (1993) for 
Horro cattle was 7.5 months. The reproductive life span of indigenous cows of Jimma 
(7.69+0.14 years) is shorter than what had been described for Horro cattle (10.1+0.01 years) by 
Gebreyohannes and Kebede, (2006) and Takele et al. (2007), 14.70+3.24 years for Sheko cattle 
in south western Ethiopia. Local indigenous oxen in Jimma start ploughing at an average age of 
4.47+0.07. On average they can perform this function for 5.07+0.08 year (n=180). A similar 
report described average age of starting drought work in Ethiopia by Watson (1981), even 
though, as low as 2 year of age was reported for starting of drought work in case of Jimma 
cattle. However, age at first plowing is greater than the reports of Takele et al. (2007) on Sheko 
cattle of south west Ethiopia, Alganesh et al., (2004) on indigenous cattle of west Wellega and 
Chala et al. (2005) on Horro cattle of east Wellega. Lambing and kidding intervals for sheep 
and goats were 15.80+0.23 and 15.48+0.2 months, respectively (n=180). This result was greater 
than reports of Adugna and Sain (1992) local sheep breed in Wolayita province of Southern 
nations and nationalities region. In general, livestock productivity is low for all species of 
livestock. The relatively late age at maturity, the extended parturition intervals, shorter 
lifespan reflect an environment in which animals are subjected to long periods of nutritional 
stress and disease epidemics.  
 

Major Constraints to Livestock Production 
 

The respondents classified their perceptions on the major constraints of herbivorous livestock 
production in the mixed production system in to five groups (Table 10). They also described 
these constraints in terms of 23 different types of negative impacts on the overall livelihood of 
the smallholder farmers. Of these, the farmers relate 7 impacts (14.29%) to human population 
growth, 3 impacts (33.33%) to feed shortage both quality and quantity, 4 impacts (23.33%) to 
animal disease, and 6 impacts on poor access to livestock extension services (15.57%) problem. 
In order to understand the intensity and magnitude of the implications of these constraints, 
they were ranked in order of importance as perceived by the farmers.  
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Table 9: Production and reproductive performances of breedable livestock  
 

Species Variable  Districts, (mean+s.e.m) P 
Seka Mana Dedo 

Cattle Age at first calving (years) 4.59+0.09 4.81+0.07 4.60+0.11 NS 
 Calving interval (months) 24.86+0.62 24.75+0.75 25.47+0.54 NS 
 Lactation length (months) 6.59+0.35 5.88+0.22 6.33+0.32 NS 
 Daily milk yield (litres) 244.7+1.0 249.5+0.1 243.57+0.11 NS 
 Reproductive lifespan of cows 

(years) 
7.72+0.25 7.49+0.26 7.85+0.24 NS 

 Draught age of oxen (years) 4.30+0.12b 4.71+0.08a 4.41+0.12ab * 
 Draught life span of oxen 

(years) 
5.13+0.13 5.07+0.14 5.09+0.14 NS 

Sheep Age at first lambing (years) 2.33+0.22 2.15+0.09 2.37+0.22 NS 
 Lambing interval (months) 15.90+0.41 15.85+0.40 15.63+0.40 NS 
Goats Age at first kidding (years) 2.09+0.05 2.07+0.05 2.16+0.06 NS 
 Kidding interval (months) 15.56+0.36 15.20+0.34 17.00+0.35 NS 
Horse Age at first calving (years) 5.01+0.11 4.86+0.17 4.98+0.15 NS 
 Calving interval (months) 29.59+1.13b 37.48+1.95a 39.65+2.2a * 
 Age for work 

(transport/draught) (years) 
5.93+0.22 6.33+0.32 6.59+0.35 NS 

Mule Age for work 
(transport/draught) (years) 

6.32+0.20b 6.75+0.12a 6.72+0.09ab * 

Donkey Age at first calving (years) 6.57+0.26 5.69+0.37 6.39+0.32 NS 
 Calving interval (years) 2.88+0.19a 2.48+0.17ab 2.33+0.16b * 
 Age for work 

(transport/draught) (years) 
6.95+0.84a 6.20+0.10ab 5.98+0.18b * 

*P<0.05; SE, standard error of means; different superscripts in a row indicate statistically 
significant difference among the districts, NS, non-significant difference 

 
Markets for livestock and livestock products were also mentioned in all areas as a problem. In 
situations where markets were available, the producer prices were so low that returns would be 
very small. Other constraints were draught power shortage (overall, about 50% had none); land 
sizes for grazing and crop production; livestock rustling and predators. Based on this ranking 
the feed supply shortage problem was ranked first followed by animal diseases (2nd), 
population pressure (3rd), improved access to livestock extension activities (4th), and problem 
of livestock marketing (5th). 
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Table  10: Farmers perceptions of major constraints and overall impact in the studied districts 
 

Major 
constraints 

 
Overall impact of the problem 

District,% average  
Seka Mana Dedo P 

Feed shortages 
both quality and 
quantity 

Deterioration in performance of 
animals,% 

30 29.3 43.5 * 

Increased mortality of livestock,% 32.8 39 23.5 * 
Limiting livestock and  
forage plant diversity,% 

37.2 31.7 33 * 

Population 
pressure 
 
 
 
 

Degradation of rangelands,%  15 21 19.6 * 
Overgrazing and overstocking,% 10 20 7 ** 
Encroachment of woody plants,% 16 10 16 * 
Reduction of palatable herb species 13.5 22 13.4 * 
Shrinkage of browsing vegetation 12.6 10 13.2 ns 
Loss of biodiversity 19.7 6 18.5 * 
Deforestation for income generation 13.2 11 12.3 ns 

Animal diseases 
and parasites 
 
 

Cause of more mortalities  23.5 22 30 * 
Total failure in performance of animals 32.3 18.5 22.2 * 
Total failure in producing marketable 
animals 

21 36 24.5 * 

Total loss of income earnings  23.2 23.5 23.3 ns 
Inadequate 
livestock 
extension 
services 
 
 
 
 

 Low awareness on productive livestock 
rearing 

20 16.5 19.3 ns 

Poor productivity of livestock 12.3 17.8 22.5 * 
little infrastructure and public services 
such as AI centers, vaccination or 
drugs 

16.9 20.2 19.8 ns 

Little livestock development 
intervention 

11.3 10 12.6 * 

Little feed development 21.2 23.2 10.4 * 
Little administrative mechanism to 
restore range ecosystem 

19 12.3 15.4 * 

Market for 
livestock 

Difficult to access markets 37.8 39.3 37.5 ns 
Unplanned livestock sales at loss 33.2 30.7 33 ns 
Loss of producer benefits 29 30 29.5 ns 

 
Opportunity of Small Ruminant Production  

 
Crop-livestock mixed agriculture is the prevailing agricultural system where livestock 
production is an integral component of crop production. The integration of livestock 
production is important as they can be intermediate food, draught power, wealth status and 
cash sources sustainably throughout the year. Moreover, their high turnover rate, easy to be 
managed by children and women are advantages that worth mention for their integration with 
crop production.  
 
Seka, Dedo and Mana districts of Jimma, representative region of southwest Ethiopia, are 
highly endowed with local feed resources which are not utilized as potential feed resources and 
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various annual and perennial plants that can be potential feed resources for the livestock. 
Moreover, the area receives enough amount of rainfall that can be used to develop various 
types of improved grasses, legumes, and browses through different production strategies. 
Landless youth and farmers, retired people and other members of society can be engaged in 
dairy and fattening activities that could benefit as result of high market demand and higher 
prices for meat and live animal sell. There is also increased possibility to enhance pack 
transport and plowing using equines. There is high demand of the livestock for food, cash 
source, and draught power by local and national people. Milk and meat of ruminants are 
highly, demanded in the local market as a result of population increase, urbanization, and 
increase in income (even within a district) can be considered as an opportunity for the small 
ruminant producers. Nowadays, many abattoirs are flourishing in the country; so agents and 
assembler’s ruminant livestock even at farm gate. Ethiopia nowadays exports live meat animal, 
thus modernizing organic livestock can perfectly enhance fattening and dairy sector in the 
study area.  
 

Conclusion 
 
In the study districts high population growth and density are causing the shortage of grazing 
land on which organic livestock production by small holders depends.  
 
Animal health and improved management is also one of the major constraints of livestock 
development in which cause poor performance across the production system. Many of the 
problems result from the interaction among the technical and non-technical constraints 
themselves e.g. poorly fed animals develop low disease resistance, fertility problem, partly 
because the animal health care system relies heavily on veterinary measures, poor grazing 
management systems continue to cause high mortality and morbidity (e.g internal parasites), 
many of the disease constraints which affect supply are also a consequence of the non-
technical constraints e.g. insufficient money to purchase drugs or vaccines. 
 
Improvement of animal husbandry in rural setting requires adequate understanding of the 
production system and its operations. Furthermore, development direction strategies should 
be geared to addressing farmers’ real problems and constraints to help them expand their 
production. This in sequence requires careful and detailed analysis and understanding of 
farmers’ circumstances and practices before carrying out development activity. 
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Abstract 
 
This paper provides an overview of the Improving Productivity and Market Success (IPMS) 
project experience on developing an agricultural web repository that facilitates agricultural 
knowledge sharing and thus supports the agricultural extension service in Ethiopia. This 
paper describes the process IPMS went through to develop the agriculture web portal, 
status of the portal, challenges faced, experiences gained and lessons learned. Then, 
concludes by discussing the significance and sustainability of such an ICT based tool to 
increase the efficiency of agricultural extension service in the newly designed agricultural 
growth and transformation program of Ethiopia 

 
     Key words: Agriculture Portal, Online Resources, ICT, Ethiopia  

 
Introduction 

 
This paper traces the development of an online information and knowledge-sharing portal – 
the Ethiopian Agriculture Portal (EAP) that was developed by the Improving Productivity & 
Market Success of Ethiopian Farmers (IPMS)-a five-year project funded by the Canadian 
International Development Agency (CIDA) and implemented by International Livestock 
Research Institute (ILRI) on behalf of the Ethiopian Ministry of Agriculture (MoA). EAP is one 
of the outputs of the knowledge management pillar of IPMS project. EAP with a web address of 
www.eap.gov.et  is a web-based gateway to agricultural information resources relevant to 
Ethiopian agriculture. It is hosted on a server at the data centre of the federal Ministry of 
Agriculture. The EAP strives to provide comprehensive, accurate and reliable information 
resource on Ethiopian agriculture. Resources on EAP include; downloadable full documents in 
English and other local languages, links to various websites of institutions, organizations, 
projects and other useful resources working on Ethiopian agriculture and many other useful 
links.    
 
This assessment was made with the purpose of documenting the experience of setting up an 
ICT supported tool such as the EAP and to draw lessons to understand the usefulness of such a 
tool in the agricultural extension system of Ethiopia. This paper looks into i)the processes of 
developing the portal ii)the content, iii)promotional efforts, iv)the extent of utilization by 
targeted audience to gauge whether availing an online portal has improved access to relevant 
knowledge and information for the intended audience, and v) issues of institutionalizing it in 
the MoA.    
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A Web Portal for Agricultural Extension Service 
 
Agriculture is an important engine of economic growth in Ethiopia, yet yield has stagnated for 
many decades due to several reasons. Of the potential mechanisms to boost yield, use of 
improved agricultural technologies such as improved inputs and animal husbandry system are 
prominently practiced by the public agricultural extension system in place. Even though, 
attempts are made to facilitate adoption of technologies and systems through the extension 
services, access to adequate information on these technologies is a challenge for most 
development practitioners at grassroots levels. Therefore, achieving significant impact on 
technology adoption or behavioural change on production systems over a wide area is still a 
challenge in Ethiopia.  
 
Agricultural knowledge is crucial for achieving productive, remunerative and sustainable 
agriculture development in Ethiopia (Tesfaye et al, 2011). However, many development 
practitioners face a challenge in accessing timely and relevant agricultural knowledge 
resources, especially those that are country (Ethiopia) specific. This is not because there is not 
enough resource in the country; rather, there is substantial and valuable amount of resource in 
various institutions – Research, Universities, NGOs, projects, etc. However, it is usually 
difficult for development practitioners to have access to resources they require because, either 
they don’t know the whereabouts of that particular information, it’s too costly in terms of time 
and resource, or they don’t know whom to contact in a particular organization. At times, there 
are cases when all of the above mentioned happens, especially for many public documents that 
are valuable but only available in hard copies at specific organization or in the hands of few 
individuals.  
 
The rapid evolution of Information and Communication Technologies (ICT) is creating 
numerous opportunities for providing new standards of quality in agricultural extensions 
service and support the extension system. Therefore, IPMS project selected one of the ICT 
tools, Internet based web portal, to bridge the gap and avail easier access to agricultural 
knowledge countrywide. IPMS together with MoA and other stakeholders set off to avail a 
gateway to agricultural information and knowledge on Ethiopian agriculture, which will 
support the extension system by providing information resources on what happens near and 
far in all areas that are relevant. The need for designing own portal was considered to avail 
valuable documents from the ministry of agriculture and elsewhere which are not digitized and 
thus available only in few circulations. In addition, having a portal with focused resources on 
Ethiopian agriculture seemed to create efficiency and relevance for the envisaged audiences.     
 
The ultimate aim of the IPMS project in availing such a portal is to contribute to the market 
oriented agricultural development strategy of the country. Specific objectives considered while 
designing the EAP were 
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 Increasing ease of access to up-to-date and valuable information resources  
o digitizing valuable resources that are only available in hard copies  
o Availing resources on good practices, research outputs, and capacity building 

manuals prepared in English and other local languages.   
 availing national and international information sources on agriculture;  links to key 

research and development partners and status of ongoing projects under one gateway  
 increasing interactions among the various stakeholders in Ethiopian agriculture 

through creating a knowledge sharing platform  
 developing the human resource capacity at MoA to share and disseminate agricultural 

knowledge 
 

The Approach 
 

At the start of the project implementation, IPMS developed a holistic system that supports 
knowledge sharing at national level through establishing a ‘National Agricultural Information 
Resource Centre (NAIRC)’. NAIRC aimed at setting up a comprehensive repository of leading 
practices, research outputs, and training materials -- initially on priority commodities such as 
dairy, beef cattle, coffee, cereals and pulses, make it accessible to extension experts, 
researchers, and educators.  IPMS project designed NAIRC to be realized in three main phases; 
 
Phase 1: Network infrastructure and data centre upgrade: that included setting up servers for 
email, and for system management; basic network connectivity and developing a content 
management system for Ethiopian Agriculture Portal.  
 
Phase 2:  Providing appropriate training to staff at federal, regional and district level. Capacity 
development activities varied from basic computer skills at district levels, to higher-level 
network and server application at federal level. In addition, capacitating a content manager, 
one who liaises with various content providers for EAP.   
 
Phase 3: Developing a web-based repository of research output and good practices guides on 
priority commodities. The repository uses a content management system that provides 
flexibility and better access for information sharing. Such a content management system 
enables users to post and share documents or web content with other users even when they are 
geographically dispersed.  Much of the focus of this paper is on this phase (three) and onwards.  
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Outputs and Outcomes of EAP 
 

Design Considerations  
 

In 2005, IPMS developed the first web portal of EAP after liaising with the extension 
department of MoA regarding priority commodities and type of resources to put on the portal.  
 
Ease of use, ease of maintenance, ability to scale-up, and sustainability were some of the design 
parameters considered during development of this portal. The portal uses a content 
management system that is relatively easy to handle – even for non-web technologists. 
Simplicity was opted for in response to the existing human resource capacity at the public 
sector. However, although it is easy to use, a powerful database engine that can easily 
accommodate a large number of documents drives the system. In early 2011, IPMS together 
with MoA released an upgraded version of the portal that contains dynamic and interactive 
features such as search, events and social media tools.    

 

 
Figure 1: homepage of EAP  

 
Infrastructure 

 
IPMS project supported upgrading of the MoA data centre, including the provision of servers 
and associated software for web hosting, database servers, email servers, and security 
management servers. Although, MoA’s current headquarter have a well-equipped ICT data 
centre, the ICT infrastructure components provided by IPMS are still in regular use. Currently 
MoA have a 20 Mbps broadband Internet connection, which should serve its current needs 
adequately and creates a favourable environment to host EAP. Availing continuous supply of 
electric power at the ministry is a work in progress, which will add up to continuous, access of 
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the portal seven days a week. Development of EAP required financial and human resource and 
organizational commitment with the associated investment that entailed. The financial 
resource needed to establish the portal included both direct upfront costs for setting up the 
system and ongoing operational cost to maintain it. In general, the development of the EAP is 
more of a process that continues rather than a onetime activity. The start up phase of setting 
up networks and wiring of data centres in the MoA has evolved into an online and offline 
knowledge-sharing tool, which was more of a collaborative effort of many stakeholders, mainly 
the MoA.   

Content Management 
 

Successful implementation of a system requires attention to the people, process, and 
technology that together make up a well functioning system. Accordingly, while the 
technology infrastructure for the portal is capable of supporting a robust system, its real value 
only becomes apparent when there is content that meets the needs of the target audience. 
IPMS in its project life have supported the provision of IT technician as well as content 
manager who are responsible for various aspects of maintaining the portal. As far as content is 
concerned, a full time IPMS staff that functioned as portal content manager facilitated the 
acquisition, selection, and upload of content from various stakeholders on various topics of 
crops, livestock and natural resources development. In 2008, additional content managers 
responsible for identifying and uploading relevant documents from their respective units were 
selected from various directorates of MoA. The experience so far is that this arrangement has 
not been fruitful. The lesson learned from this attempt is that content managers cannot be 
effective unless this task is an official duty of their full time or part time job assignments.  
 
In the past few years, more databases that are handled by the ministry e.g. REDFS, FAO, SLM 
and EAP are emerging and demanding for a content coordinator. This entails a need for change 
in the organizational structure at the Ministry, which is an opportunity to have a full 
time/part-time coordinator for EAP.   

 
Accessing and Utilizing EAP  

 
Targeted audience of EAP are researchers, development practitioners, policy makers, students, 
investors, importers and exporters in need of information on Ethiopia agriculture. EAP avails 
resources that are open access and applicable. Another unique feature of EAP is that it avails 
resources in local languages (Amharic, Tigrigna and Oroomiffa) along with those written in 
English so that potential users with diverse knowledge can still make use of the portal. In 
addition to this, web links and information of various organizations, institutions, and projects 
working on Ethiopian agriculture are availed on EAP and any organization with similar 
affiliation is welcome to put the link of EAP on its website. One good example is official 
website of MoA www.moa.gov.et that put link of EAP on its home page.  
 
Assessment results showed that many professionals in the field of agriculture found the EAP a 
very effective tool to significantly support the extension service delivery by capacitating experts 
at frontline with required up-to-date knowledge resources. Visitors of EAP include MSc 
students working on their thesis, development agents planning farmer training, and foreign 
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investors looking for technical and marketing resources on agricultural commodities of 
Ethiopia. However, first hand targets; staffs of MoA visit the EAP less frequently as compared 
to others outside.  
 
User statistics of seven months data, March –September 2011 shows that EAP entertains on 
average a thousand visitors per month. Figures displayed here might not be that impressive 
considering the current amount of Internet utilization around the world. However, the context 
at which EAP is deployed- poor internet connection, frequent power outage and insufficient 
skilled human recourse, should be taken into consideration.  
 
In addition to the online hosting of EAP, IPMS supplied servers to regional and zonal bureaus 
of agriculture so that they can access the offline versions locally in their knowledge centres. 
The project also distributed offline version of the portal on DVDs to increase the option for 
potential audience of the portal with limited or no Internet connectivity. Extension staff 
working in project sites showed greater preference of the offline versions to the online version. 
A challenge faced with offline version, however, is that most software for this purpose is 
licensed and need payment to get service. Currently IPMS and MoA are working on finding 
alternatives to develop an offline version of EAP that is free from those challenges.  
 

Ownership 
 
Though many involved on development of EAP, the ultimate owner is the MoA. At the 
development stage of the portal, many of the key stakeholders (but not all) were consulted and 
attempts were made to craft a shared vision. However, some key potential stakeholders like 
EIAR were not in the initial planning process. This resulted in omission of potential 
beneficiaries/ contributors.  
 

Promotion and Institutionalization  
 

IPMS used different activities such as workshops, knowledge fairs, conferences, 
exhibitions…etc to promote EAP. Knowledge centres of the project in districts, zones and 
regions promoted EAP further by hanging banners of EAP, making EAP the home page of 
computers at the centres, and encouraging development agents to use the portal as a gateway 
while looking for agricultural knowledge. IPMS further promoted EAP to extension staff at 
MoA in various occasions such as; trainings, technology exhibitions and seminars. Positive 
reactions during the promotions confirmed the demand for such a resource among various 
audiences and the need to pursue this initiative further.  
 
As IPMS is a project with fixed terms, it has developed an exit strategy and mainstreaming of 
EAP into MoA. Exit strategies include capacity development of key MoA staff, hiring a full time 
technician to provide support on the portal, promotion of the EAP in various institutions and 
agricultural organizations. To institutionalize EAP, IT department of MoA was given the lead, 
from the start, to deal with issues of hardware with certain technical support from IPMS.  So 
far, good results were reported. As far content coordination, communications with extension 
directorate is underway so that the directorate fully takes responsibility on this respect.  
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Conclusion 
 

To provide significant extension service, the extension system needs to be continually aware of 
what is going on. Therefore, availing access to diverse sources of information resources and 
documents through the Internet and other means enables the system to respond better to 
experts and farmers’ information need. In addition, setting up an agricultural repository that is 
accessible to all with relevant documents and information reduces redundancy of efforts by 
various organizations and institutions. This also increases communication and collaboration 
among organizations for efficient agriculture development efforts  
 
The timing of IPMS to deploy EAP at MoA back in 2005 seemed early, considering the lack of 
widespread awareness on the use of online resources among extension experts and the human 
resource challenges at MoA. On the other hand, looking at the progress in the few years, one 
can say that the EAP started at about the right time. EAP created a learning environment for 
MoA and IPMS project on setting up a web-based document repository with relevant 
agricultural documents. EAP has also been a springboard for designing an efficient agricultural 
knowledge management system in MoA.  Currently, as compared to the years in 2005, the 
environment at the MoA is quiet favourable with all facilities and structure to develop a 
database in place. Since the past two years, MoA data centre is hosting many databases. This 
creates an opportunity for further development of the EAP into an even more rigorous and 
dynamic agricultural web portal in the near future.     
 
The assessment shows that, enabling environment, such as Internet connectivity, power 
supply, support from decision makers and availability of financial resources are determining 
factors for development and sustainable access of an agriculture web portal.  
 
A lesson to take from this assessment is that there is a need to have a clear strategic vision for 
developing a portal that is useful and sustainable. This strategic vision needs to be shared 
among all stakeholders – including those who develop a portal, fund such a portal, maintain 
and operate a portal and ultimately use a portal. Confusion or misunderstanding among any of 
these important actor results in decision that ultimately influences the portal long after it is 
developed and deployed.  
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Abstract 
 

On-farm study was conducted to evaluate the effect of enset leaf supplementation on milk 
yield and composition of does and kid’s growth performance. Forty-eight pregnant does 
were randomly divided into four feeding groups of twelve animals per treatment in a 
completely randomized design. Each treatment was further divided into three replications 
of four animals per replications. The treatments were: only grazing (T1), 74 g + grazing 
(T2), 148 g + grazing (T3) and 220 g + grazing (T4) on dry matter (DM) basis of enset leaf 
supplementation. Kids were allowed to suckle their dams during daytime up to 90 days and 
then weaned. Increasing the levels of enset leaf increased (p<0.05) enset leaf DM intake. 
The crude protein intake at a higher level (T4) was higher (p<0.05) than that of medium 
(T3) and low (T2) levels of supplementation. Milk yield was higher (p<0.05) in the 
supplemented does than non-supplemented ones. The average total milk yield (liter/day) 
was observed to be 0.37±0.1, 0.59±0.2, 0.50±0.1, 0.45±0.1 for T1, T2, T3 and T4, respectively. 
Growth rates of kids were higher (p<0.05) in the supplemented group than in the non-
supplemented ones. The average daily gain (g) was 79.3±2.5, 90.44±2.49, 99.08±2.56 and 
94.61±2.68 for T1, T2, T2 and T4, respectively. The highest (p<0.05) fat content was 
observed for T2, while the lowest was for the control (T1) goats. Protein content of milk 
increased with increasing levels of supplementation. Supplementary feeding improved milk 
yield as well as protein and fat contents thereby enhancing the growth performance of the 
kid. It can therefore be inferred that supplementation of the with enset leaves can assist in 
overall improvement in family income and also nutrition of the small holder farmers in 
general in addition to improving the growth performance of kids. 
 

Key words:  Enset Leaf; Intake; Milk Yield; Milk Composition; Kid Growth; Goats; Ethiopia 
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Introduction 
 

Goats are very important livestock species in Ethiopia where milk makes an important part of 
the diet and contributes to the household income of livestock keepers. Goats’ milk and milk 
products are important sources of protein for humans in many developing countries (Haenlein, 
2004). Although Ethiopia is endowed with the largest number of livestock in Africa, domestic 
supply of milk and milk products is inadequate to meet the requirements of the population. 
Ethiopia is not self sufficient in milk production with total annual growth rate in milk 
production of 2.1% that falls behind the annual human population growth estimated at 3.4% 
(Tsehaye, 1998). 
 
Despite the large size of the country’s goat population, the productivity per unit of animal and 
the contribution of this sector to the national economy is relatively low. This may be due to 
different factors one of which is inadequate quantity and poor quality of the available feedstuffs. 
Feed scarcity and poor quality are indicated as factors responsible for lower reproductive and 
growth performance of animals especially during the dry season (Legesse, 2008).  
 
Natural pasture is one of the feed sources for livestock. However, productivity and availability of 
pasture is gradually decreasing because of overstocking and resultant overgrazing. Therefore, it 
is important to find alternative sources of supplement which are easily accessible by farmers. 
Such sources of supplement could be enset (Enset ventricosum) under small scale production 
system in the southern and south western part of Ethiopia. Enset is widely grown in southern 
Ethiopia mainly for human consumption.  The leaves and leaf midrib of enset constitutes to 23 % 
of the total dry matter of enset (Nurfeta et al., 2008a) which is high in crude protein (Nurfeta et 
al., 2008a). Therefore, leaves of enset could be used as a source of protein supplement to poor 
quality feeds (Fekadu and Ledin, 1997; Nurfeta et al., 2008a). Enset leaves can play a significant 
role in supplementing the diet of animals, especially during the dry season and drought years. 
Nurfeta et al. (2008a) indicated that the inclusion of enset as animal feed could play a significant 
role because of on-farm availability and easy access by farmers. Similarly, several studies 
indicated that enset can be a very important crop for livestock feeding particularly during the 
dry season (Desta and Oba, 2004; Nurfeta et al., 2008a; Nurfeta et al., 2008b).  
 
Nurfeta et al. (2009a) evaluated the intake and digestibility of different morphological fractions 
of enset in sheep feeding. Furthermore, the effect of different levels of enset as supplement to 
the basal diet of wheat straw on growth, feed intake, digestibility and nitrogen utilization were 
evaluated in sheep (Nurfeta et al., 2008a). However, there is lack of information on the effect of 
enset leaf supplementation on milk yield and milk composition of goats; and subsequent effect 
on the growth of kids especially under farmers’ management conditions. Therefore, the 
objectives of this study wereto evaluate the effect of supplementing graded levels of enset leaf 
on does milk yield and composition under grazing condition and to assess growth performance 
of kids supplemented with enset leaf while grazing. 
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Material and Methods 
 

Description of the Study Area 
 

The on-farm experiment was carried out at Umbulo Wacho watershed which is located at 
38º17’E, 7’01N in Hawassa Zuria districts of Sidama zone, Southern Nations, Nationalities and 
Peoples Regional State (SNNPRS), Ethiopia. It is located approximately 35 km west of Hawassa 
town; the capital of SNNPRS and covers an area of 884 ha with approximately 1500 households 
(Tadesse, 2007). The elevation of the study area is 1820 m.a.s.l. 
 
The average annual rainfall for the area is 1067 mm. (Funte et al., 2010). The rainfall in the area 
is bimodal pattern with two rainy seasons, the short rain between March and May (peak in 
May) and the long rains between June and October (peak in September). The typical dry 
season normally occurs between November and February. Main crops in the area are maize 
(Zea mays), enset (Enset ventricosum) and beans (Phaseolus vulgaris). The types of soil in the 
study area are sandy loam with sand, silt and clay. 
 

The Feeding Experiment 
 

Enset Leaf Preparation 
 
The feeding experiment was conducted at Umbulo Wacho watershed, Tankaka kebele. The 
kebele was selected because of its potential area for enset (Enset ventricosum) production and 
severe feed constraints. Each farmer harvested enset leaf from their own respective fields to 
feed the goats allocated to them. Fresh leaves were chopped to pieces (5-7 cm) prior to feeding 
them. The preparation of the feed was in the late afternoon for stall feeding during the night. 
The leaf offered was weighed before feeding and the overall refusal was weighed at 7 AM the 
following day. The amount of feed consumed per day was obtained as the difference between 
feed offered and refusals. The experimental periods lasted for 90 days. Enset leaf intake was 
recorded only in those does which were supplemented with enset leaf. 
 

Animals and Their Management 
 
Forty eight pregnant Arsi-Bale goats of approximately 2-3 years old and between 1-3 parity were 
bought from local markets in January 2010 and distributed to the farmers without considering 
age and parity per household. Information about age and parity of the goats were obtained 
from the owners during purchasing. Moreover, dentition was looked at to ascertain the age. 
The does were distributed to 12 participating farmers (4 does per farmer) who were pre-
selected. Animals were assigned to the following treatment in a completely randomized design: 
 

1. Grazing only 
2. Grazing + 74 g DM enset leaf 
3. Grazing + 148 g DM enset leaf 
4. Grazing + 220 g DM enset leaf   
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Initially it was planned to offer 100, 200 and 300 g DM/head/day enset leaf. However, due to 
the nature of the experiment and the infrequent DM determination it was not possible to offer 
as planned. Animals were allowed to graze/browse from 8:00 - 12:00 and 14:00 – 17:00 h and 
kept inside their pens at other times, which were constructed in the owner house. Animals 
were individually fed after their return from grazing during the night time. Two weeks 
adaptation period was allowed to enable the animals to adapt to the supplement. All goats 
were ear-tagged and dewormed with anthelmintic drugs (thiabendazole) and sprayed with 
acaricide (Asuntol) solution against internal and external parasites as prescribed by the 
manufacturers, respectively, before the commencement of the experiment.   
 

Estimation of Milk Production 
 
All the kiddings took place from February to March 2010. The first 14 days were considered as 
an adaptation time and milk yield were not recorded. Kids were allowed to suckle their dams 
for the first 14 days after birth.  Complete hand milking of dams was carried out once daily in 
the morning. Milk yield data were recorded for 14 weeks. Kids were allowed to stay with their 
dams during daytime after milking and kept in their separate pen at night. In order to induce 
milk secretions, kids were allowed to suckle their dams for a short time until foam was visible 
on the mouth. The amounts of milk consumed by the kids were taken as weight of kids after 
suckling minus weight before suckling. The amount of milk suckled was included in recorded 
data for milk production. Total weekly production was calculated by multiplying the daily yield 
by 7 and lactation yield as the sum over 14 weeks. The test days were the days on which milk 
yield measurements of the does were taken.  
 

Birth and Subsequent Weights 
 
Kid birth weight was taken within 12 hours after birth. Kids were ear-tagged at birth for 
identification. The subsequent kid weights were recorded at weekly interval until 14th weeks of 
lactation.  

Chemical Analysis of Milk Samples 
 
Three weeks after kidding, milk samples from individual does were collected in 100 ml plastic 
sample bottles three times per individual does. Milk samples for fat, protein and total solid 
analysis were preserved by the addition of 35% solution of formaldehyde and stored at 40C 
until analysis. Fat content were determined by Gerber method. The formaldehyde titration 
method was used to determine the total protein content of milk (O’Connor, 1994). Moreover, 
total solids were determined as described by O’Connor (1994).   
 

Chemical Analysis of Feed 
 
The refusals were collected per individual animals every morning and bulked per household. 
The offered leaf was collected per households; sub-samples were used for chemical analysis. 
The enset samples (both offered and refused) were dried at 650C overnight. Then the dried 
samples were ground to pass through a 1mm sieve using a Willey mill. The dried and ground 
samples were allowed to equilibrate with air at room temperature for 24 h after which they 
were stored in tightly tied plastic bags until chemical analysis. 



Forage and Nutrition 2012 

 

 267 
 

The procedures of AOAC (1990) were used for determination of dry matter (DM), organic 
matter (OM) and total ash. The N content was determined by Kjeldahl method and CP was 
calculated as N×6.25. Neutral detergent fiber (NDF), acid detergent fiber (ADF) and lignin 
were determined according to the procedure of Van Soest and Robertson (1985). 
 

Data Analysis 
 
ANOVA tests were performed using SPSS (2007). The model for intake included the effect of 
level of supplementation; the model for milk yield included level of  supplementation, parity, 
birth type, and their interaction; the model for milk composition included level of 
supplementation, parity and their interaction; the model for weight gain included level of 
supplementation, sex of kids, birth type and their interaction. Mean comparisons were made 
using Duncan’s multiple range tests. 
 

Results and Discussion 
 

Chemical Composition of Enset Leaf 
 
The chemical compositions of feeds used in the experiment are shown in Table 1. The crude 
protein (CP) and digestible organic matter in dry matter (DOMD) contents were high in 
offered enset leaf compared to refusal, while refusal had high lignin, ADF, NDF and total ash as 
compared to the offer. The CP content in leaf as estimated in the study was similar to the 
values reported by Nurfeta et al. (2008a), Fekadu, and Ledin (1997). The higher CP content in 
offer than refusal of enset leaf indicated that goats being selective feeders consumed the leaf 
lamina more than other leaf part. Nurfeta et al. (2009) reported similar results in sheep fed 
different levels of enset supplemented with wheat straw. They indicated that provision of 
excess amounts of enset leaf may play a beneficial role in allowing selection for leaf lamina 
which is rich in protein over leaf midrib which is low in CP content. The observations in the 
study regarding selective feeding are in consonance with the observation of Owen (1994). 

 
Table1.Chemical composition (%) of enset leaf offered and refused 
Type of  
Sample 

Components 
DM Ash CP NDF ADF Lignin DOMD 

Offer 16.7±0 6.26±2 13.12±05 63.62±3 39.24±0.2 8.35±02 52.92±3 
Refusal 16.7±0 10.09±3 10.3±0.2 66.08±5 44.21±02 10.09±3 45.27±3 
 
DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; 
DOMD, digestible organic matter in dry matter. 
 

Feed Intake of Does Supplemented With Different Levels of Enset Leaf 
 
The feed intake of goats supplemented with different levels of enset leaf is presented in Table 
2. The intake of DM, CP, OM, NDF and ADF increased with increasing the inclusion levels of 
enset leaf. The results is in agreement with the observations of Nurfeta et al. (2009) who also 
reported a tendency of increasing intake of DM and nitrogen (N) with increasing levels of enset 
leaf supplementation. The  authors also reported that among the enset fractions, the highest 
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CP intake was observed in those sheep fed enset leaf and the intake of digestible organic 
matter (OM) and N were highest at higher levels of supplementation for both pseudo-stem and 
corms diet. The observations are similar to that of Tolera and Sundstøl (2000) who also 
reported improvement in DM intake in lambs supplemented with varying level of Desmodium 
intortum hay to basal diet of crop residue. Accordingly, McMeniman et al. (1988) reported that 
an ideal supplement should increase or at least maintain intake of fibrous basal diet. Nurfeta et 
al. (2010) also reported that total CP intake and N retention increased with increasing levels of 
legume hay in both pseudostem and corm diets.  
 
Table 2 .Average feed intake of grazing does supplemented with different levels of enset leaf 
 
Intake (g/day) Level of enset leaf supplementation (g DM) SEM 

Grazing + 74  
(T2)  

Grazing + 148 
(T3)  

Grazing + 220 (T4)  

DM intake 73.9a 145.2b 220c            2.3 
Crude protein intake 9.8a 19.5b 29.5c               0.3 
Organic matter intake 63.8a 136.2b 206.3c            2.1 
Neutral detergent fiber   47.1a 92.4b 139.9c             1.4 
Acid detergent fiber  29.0c 56.8b 86.5c                 0.9 
*Row means with different superscript letters are significantly different (P<0.05); SEM, Standard 
error of the mean. 
 

Effect of Different Levels of Enset Leaf Supplementation on Milk Yield and 
Composition of Grazing Does 

 
Results of milk yield and composition are given in Table 3. The total milk yield in the non-
supplemented goats were significantly lower (p<0.05) than the supplemented group. In the 
supplemented goats, there was increased CP intake with increasing levels of enset leaf, which 
could be the contributing factor for an increment in milk yield. It was indicated that protein 
supplementation improve milk production in dairy goats (Negesse et al., 2001). Similarly, 
Owen et al. (1997) indicated that feeding legumes, which is rich in protein, resulted in increase 
in milk yield compared to roughages. 
 
There was no significant difference at medium (T3) and high (T4) levels of enset leaf 
supplementation but the yields in these groups were significantly higher than low (T2) level of 
supplementation. Improvement in nutritional regime resulted in increased milk production 
(Greyling et al., 2004) which is mainly affected by feed intake. The milk yield as obtained in the 
study is comparable with those of non-dairy goat breed in the tropics, which produce up to 0.5 
litres of milk as reported by Takele (2008). According to reports from FARM-Africa (1996), 
daily off-take of 0.25 to 0.5 litres was recorded in the highlands of Sidama. 
 
Min et al. (2005) in their study indicated that increasing the levels of nutrition would lead to 
an increase in daily milk yield. Similarly, increasing the levels of supplementation increased the 
amount of milk produced in Begait and Abergelle goats (Berhane and Eik, 2006). In the current 



Forage and Nutrition 2012 

 

 269 
 

study, increment in enset leaf level beyond low level did not improve the milk yield even 
though the yield was higher than that of the control group. This could be due to the low 
degradability (Nurfeta et al., 2008a) and digestibility (Nurfeta et al., 2008a) of enset leaf.   
 
There was no significant difference on milk yield among parity (Table 4). However, Carnicella 
et al. (2008) indicated that goats in the 3rd and 4th lactation produced more milk compared 
with the first lactation. Does with twins had more (p<0.05) milk yield as compared to those 
that had singles (Table 4), the observations being in agreement with that of Carnicella et al. 
(2008).  However, Browning et al., (1995) reported that does with single kids produce more 
milk than those bearing the twins. As reviewed by the same author, the increase in milk yield 
could be due to increased secretion of placental lactogen or removal of local negative feedback 
regulatory inhibition.  
 
The protein content of milk at high (T4) levels of enset leaf supplementation was higher 
(p<0.05) than that of the control (T1) and low (T2) levels of supplementation (Table 3). There 
was no significant differences among the control, low and medium levels of supplementation 
in protein content. The highest (p<0.05) fat content was for low levels of supplementation, 
while the lowest was for the control goats. The fat content for the medium and high levels of 
supplementation were similar (p>0.05). The total solids were similar (p>0.05) for the control, 
low and high levels of supplementation. There was no significant difference (p<0.05) on milk 
composition among parities (Table 4). Fat and protein content was similar among the different 
parities which is not consistent with the study by Carnicella et al. (2008) who observed higher 
fat and protein in the first lactation. 
 
Table 3. Mean (± SE) total milk yield (litres/lactation) and milk composition of does 
supplemented with different levels of enset leaf 
 
Variable Level of enset leaf supplementation (g DM) 

Grazing 
alone (T1) 

Grazing + 74 
(T2)  

Grazing + 148 
(T2)   

Grazing + 220 
(T2)   

N 11 12 12 11 

Total milk yield (liter/lactation)  33.0 ±2.08a 53.5 ±2.0c 45.1 ±2.31b 40.6 ±2.44b 
Milk yield (lit/day) 0.37±0.1 0.59±0.2 0.50±0.1 0.45±0.1 

Milk Composition     
N 33 36 36 33 
Protein (%) 3.5 ±0.12a 3.7 ±0.11a 3.8± 0.12ab 4.1 ±0.14b 

Fat (%) 4.2± 0.17a 5.4±0.16c 4.9±0.18b 4.8 ±0.20b 

Total solid (%) 13.4±0.15b 13.1±0.15ab 12.7±0.16a 13.3±0.18b 

Row means with different superscript letters are significantly different (P<0.05) 
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Table 4. Effect of parity and birth- type on milk yield (lit) and composition (%) 
 
 Milk yield and 
composition 

N Milk yield/week/    (Mean 
±SE) 

 

Parity     
1 5 2.97±0.26a  
2 21 3.03±0.12ab  
3 20 3.12±0.13ab  
Birth-type    
Single 36 2.74±0.1a  
Twins 10 3.34±0.18b  
Milk composition  
No. of parity 

Protein Fat Total solid 

1 3.57±0.2 4.73±0.35 14.15±0.29a 
2 3.72±0.09 4.73±0.16 13.15±0.14b 
3 3.80±0.9 4.92±0.14 13.08±0.14b 
Column means (for the same variable) with the different superscripts letters are significantly 
different (p<0.05). 
 
The composition of milk can vary considerably depending on the breed, stage of lactation, age 
and health status. Herd management practices, environmental conditions also influence milk 
composition (O’Connor, 1994). Milk yield was higher (p<0.05) in supplemented than non-
supplemented does throughout the lactation period (Figure 1). As observed from the figure 
supplementation increased milk yield compared with the control. In general, the total milk 
yield for low level of enset leaf supplementation (74 g) was higher than that of the control 
throughout the lactation period. The does fed on low level (T2) of supplementation attained 
peak yield earlier than that of the control (5 vs. 6 weeks) (T1). The peak milk yield for T2 was 
also high compared with other treatments. Blackburn and Field (1990) observed peak milk 
production at the 4th week of lactation for Somali goats in Kenya, which were similar to the 
supplemented group. For Egyptian Nubian goats peak milk production occurred at the 3rd 
weeks postpartum (EI- Gallad et al., 1988). 
 
The low values of peak yield in the non-supplemented group in this study indicates that none 
supplemented lactating does have low peak milk yield which is consistent with the report by 
Abebe (1996) who also observed low amounts of peak milk yield in the non- supplemented 
Somali goats. Hence, the present study indicates that the quality of the diet affects lactation 
curve the finding a consonance with the observations of Greyling et al., (2004). 
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Effect of Enset Leaf Supplementation on Body Weight Gains of Kids 
 
The body weight gain of the kids, effect of sex and birth-type are presented in Table 5. There 
was no significant difference in weight gain of kids among the supplemented does but 
supplementation significantly improved the weight gain of kids compared with the control 
group. There was no significant difference in final weight gain of kids among the supplemented 
does but supplementation of lactating does significantly (p<0.05) improved growth 
performance of kids compared with un-supplemented does. This result is comparable with that 
of Abebe (1996) who indicated that kids suckling supplemented dams were heavier than kids 
suckling non-supplemented dams. The same author reported that weaning weight (14 weeks of 
ages) was higher by 25.8% for kids suckling supplemented does. Das (1990) reported that 
single-born kids had higher growth rates than twin born kids, which disagree with the present 
results. The same author also reported that male kids were heavier and grew faster than female 
kids, which is contrary to the current experiment. Abebe (1996) reported that differences in 
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weight development between male and female kids were noticeable from early stage of 
lactation.  
 
Table 5. Mean (± SE) daily weight (g) of kids born by does supplemented withdiffer level of 
enset leaf 

 Body weight change   N 

Level of Enset leaf supplementation (g DM) 
Grazing alone 
(T1) 

Grazing +74 
(T2) 

Grazing +148 
(T3) 

Grazing + 
220 (T4) 

Initial (kg) 55 3.7±0.23 3.38±0.22 3.06±0.22 3.56±0.23 
Weaning weight (kg) 55 10.9±0.27a 11.5±0.27b 12±0.28b 12.1±0.29b 
Total gain (kg) 55 7.1±0.23a 8.1±0.22b 8.94±0.23b 8.5±0.24b 
Average daily gain  (g) 55 79.3± 2.58a 90.4± 2.49b 99.1± 2.56b 94.6 ±2.68b 
Row means with different superscript letters are significantly different (P<0.05)    
 
Kids weight was significantly (p<0.05) affected by enset leaf supplementation. Growth rates of 
kids in the different studies varied substantially, and this could be largely to different 
environments and supplementary feeding practices. The quality and quantity of feed available 
to the does and the kid, therefore, contributed significantly to final weight. In the present 
study, increasing the levels of enset leaf supplementation resulted in an increase in growth rate 
and average daily gain of kids born from supplemented does when compared with kids which 
born from non-supplemented does. The average daily gain was higher (p<0.05) for kids born 
from supplemented does than non-supplemented does and values showed an increasing trend 
with the increasing levels of enset leaf supplementation. This was in agreement with results 
observed by Santra et al. (2002), who reported that limited amounted of concentrate 
supplementation in free grazing goats improved body weight gain as well as finishing body 
weight of kids.  

Conclusion 
 

This study indicated that enset leaf supplementation improved milk yield, milk composition 
and kids’ body weight gain. Despite increasing levels of enset leaf supplementation and 
subsequent increase in intake, does at high levels fail to respond accordingly. Therefore, 
further work is necessary aiming at increasing the efficiency of utilization of enset leaf. 
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Evaluation of the Chemical Composition and Feeding Values of Leaves, Seeds and 
Seeds-Removed Dried Pods of M. Stenopetalausing in Vitro Gas Production Technique 
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Department of Animal and Range Sciences, Hawassa University, P.O.Box 5, Hawassa, Ethiopia 
 

Abstract 
 

This study presents the chemical composition and in vitro fermentation of leaves, seeds 
and seeds-removed dried pods of M. stenopetala cultivated in southern Ethiopia. Feed 
samples were analyzed for proximate nutrients using official methods. Samples of tree 
parts (200 mg) were incubated in buffered rumen fluid for 96 h and the gas volumes (GV) 
recorded at 2, 4, 6, 8, 10, 12, 14, 18, 24, 30, 36, 48, 60, 72 and 96 h. The gas volume produced 
was plotted against the incubation time and the fermentation kinetics were described by 
using the exponential equation Y=a + b (1 - e-ct). Based on corrected GV at 24 h, 
metabolizable energy (ME), organic matter digestibility (OMD) and short chain fatty acids 
(SCFA) were calculated. The crude protein (CP) content of seeds, leaves and seeds-
removed dried pods was 395, 282 and 110 g/kg DM, respectively and differed significantly 
(P<0.001). The crude fat (EE) was 334.4, 83.8 and 16.2 g/kg DM for seeds, leaves and seeds-
removed dried pods, respectively. The sugar in leaves and seeds was 107.3 and 73.4 g, 
respectively, and differed significantly (P<0.001). No starch was detected in the seeds. The 
leaves contain 18.5, 4.1 g/kg DM and 86.1 mg/kg DM calcium, sodium and manganese, 
respectively and were significantly (P<0.001) higher than seeds and seeds-removed dried 
pods. The average GV from insoluble but fermentable fraction b for leaves, seeds and 
seeds-removed dried pods was 53.0, 32.4, and 26.1 ml/200mg DM, respectively and differed 
significantly (P<0.05). The rate of gas production (c) was 0.95, 0.04 and 0.046 per hour for 
leaves, seeds and seeds-removed dried pods, respectively and differed significantly 
(P<0.001). The ME was 10.0, 7.0 and 5.1 Mj/kg DM for leaves, seeds and seeds-removed 
dried pods, respectively. The values of OMD for leaves, seeds and seeds-removed dried 
pods were 74.3, 52.3 and 38.1%, respectively. The SCFA for leaves, seeds and seeds-removed 
dried pods was 103, 37 and 31 mmol, respectively. The chemical composition of leaves 
revealed their potential as a protein supplement in ruminant and non-ruminant feeding 
during dry periods. Moreover, the enhanced values of ME, OMD and SCFA in leaves 
suggest their ability to meet the energy requirements of tropical livestock.  

 
Keywords: M. Stenopetala; Chemical Composition; In Vitro Gas Production, Leaves; Seeds; 

Seeds-Removed Dried Pods 
Introduction 

 
There are fourteen known species of trees belonging to the genus Moringaceae. The genus is 
represented by 14 species to which Moringa stenopetala (M. stenopetala) belongs. Northeast 
tropical Africa is a canter of endemism plus diversity to the genus. M. stenopetala is native to 
Ethiopia, northern Kenya and eastern Somalia. The M. stenopetala that is native to Ethiopia is 
distributed in the Rift Valley of southern Ethiopia especially in Konso, Wolayita, Gidole, and 
Gamogofa areas where it is grown intensively (Azene, 1993). The Moringa stenopetala in 
Ethiopia is known by different vernacular names such as Shiferaw (Amharic), Aleko, Halako 
(Gidoligna) and Haleko, Shelchada (Konsogna). It is a fast growing tree on the sites that are 
not severely acidic, not water lodged and below 2000 altitude (Steinmüller et al., 2002).  
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Due to its water storage capacity in the bottle shaped stem, M. stenopetala is well adapted to 
semi-arid areas of 500 mm annual rainfall. It has been reported that the edible parts of 
Moringa tree are exceptionally nutritious (Rams, 1994). Leaves and green pods of M. 
stenopetala are readily eaten by cattle, sheep, pigs and rabbits (Makonnen et al., 1997). The 
complete nutritive value of M. stenopetala, which is native to eastern Africa, has not yet been 
fully investigated. Thus, this study was conducted to fill this gap by providing the required 
information on nutrient compositions of leaves, seeds and seeds-removed dried pods of M. 
stenopetala. Moreover, the fermentation pattern was studied by in vitro gas production 
technique to evaluate the feeding values of these tree parts as livestock feed. 

 
Material and Methods 

 
Sample Collection 

 
Samples from 3 years old M. stenopetala tree leaves, seeds and seeds-removed dried pods (four 
samples from each part), were collected from Awassa area, southern Ethiopia. The locations, 
where samples were collected, are situated at an altitude of 1700 m. Each sample was collected 
from 4 different trees. The seeds were separated from the pod by hand to obtain both the seeds 
and seeds-removed dried pods separately. Samples of green leaves and seeds-removed dried 
pods were dried at 65 oC over 48 hours and ground to pass through a 1-mm sieve and the 
kernels were ground using coffee grinder before analysis. 
 

Chemical Analysis 
 
Dietary concentrations of crude nutrients were analyzed according to the VDLUFA official 
methods (Naumann & Bassler 2004). Acid detergent fiber (ADF), neutral detergent fiber (NDF) 
and acid detergent fiber (ADL) are expressed with residual ash. Nitrogen was determined by 
Kjeldahl method using Kjeltec auto sampler system (Kjeltec 2300, Foss Tecator AB, Sweden). 
Energy content was determined by using bomb calorimeter (IKA-Calorimeter C7000 
isoperibolic, Janke & Kunkel IKA Analysentechnik, Staufen, Germany). For mineral analysis, 
samples were incinerated at 550°C, and the remaining ash was treated with 6 N HCl. Minerals 
were determined from filtered ash solutions using an Inductively Coupled Plasma 
spectrometer (ICP-OES) as reported by (Rodehutscord and Dieckmann, 2005). Cellulose and 
hemicellulose were computed as ADF minus acid detergent lignin (ADL) and NDF minus ADF, 
respectively. Nitrogen free extract (NFE) was computed by difference of organic matter and the 
sum of CF, EE and CP. All chemical analyses were conducted in duplicate on each individual 
sample. 

In Vitro Study 
 
Gas production was determined according to the procedure of VDLUFA official method 
(Naumann and Bassler, method No. 25.1, 2004) and Menke and Steingass (1988). About 200 mg 
of feed sample from each tree parts were weighed in 4 replications and transferred into 100 ml 
calibrated glass syringes, fitted with pistons. Rumen fluid was collected before morning feeding 
from 2-3 ruminally canulated sheep. Details about feeding are described by Steingass and 
Menke (1986). Rumen fluid was pumped from the rumen with a manually operated vacuum 
pump and transferred into pre-warmed thermos flasks, transported to the laboratory, 
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combined, filtered through eight layers of cheesecloth and flushed with CO2. Rumen fluid was 
added to the buffered mineral solution with constant stirring, while maintained in a water bath 
at 39◦C. A total of 30 ml incubation medium consisting of 10 ml rumen fluid, 5 ml of 
bicarbonate buffer, 5 ml of macro-mineral solution and 10 ml of distilled water was then 
transferred into a 100 ml calibrated glass syringes with pistons. The piston of each syringe was 
lubricated with Vaseline to prevent outflow of gas from the syringe during the process of 
incubation. The syringes were then placed in a temperature controlled incubation rotor set at 
39◦C. Three blanks containing 30 ml medium as well as reference hay and concentrate of 
known gas production parameters were included in triplicates. The revolving speed of the rotor 
was maintained at about 75 r.p.h (round per hours) to simulate the rumen function. The gas 
volume was recorded at 2, 4, 6, 8, 10, 12, 14, 18, 24, 30, 36, 48, 60, 72 and 96 hours of incubation 
according to time pattern of Blümmel and Becker (1997). The gas produced due to 
fermentation of substrate was corrected by the blank syringes (containing no substrate) and for 
ME estimation additionally by the standard syringe gas production.  The volume of gas 
produced (means of two runs) was plotted against the incubation time and the fermentation 
kinetics were described by using the exponential equation Y=a + b (1 - e-ct) as described by 
Ørskov and McDonald (1979) and Blümmel and Ørskov, 1993, where Y=volume of gas 
produced at time ‘t’ (ml),a=is the intercept and reflects the fermentation of the soluble and 
readily available fraction of the feed, b=gas produced from the insoluble (but with time 
fermentable) fraction, c=gas production rate at which b is fermented per hr and t=time at 
measurement (h).  
 
Metabolizable energy (ME, MJ/kg DM) and organic matter digestibility (OMD%) were 
estimated as established by Menke et al. (1979) and Menke and Steingass (1988) and short 
chain fatty acids (SCFA, mmol) were calculated as reported by Blümmel et al. (1999) with the 
following equations:  
ME=2.20 + 0.136*Gv24 + 0.057*CP + 0.0029*EE;  
OMD=14.88 + 0.889*Gv24 + 0.45*CP + 0.651*XA;  
SCFA=0.0239*Gv24-0.0601; where Gv24, CP, EE and XA are corrected gas volume (ml/200 mg 
DM) at 24 h of incubation, crude protein, crude fat and ash of the incubated samples, 
respectively.  

Statistical Procedures 
 
Time series measurements of gas volume from 2-96 hrs of incubation were used for the curve 
fitting to express mathematically gas production with time. The equation parameters were 
estimated by a non-linear regression procedure, which minimizes the actual distance of the 
data points to the fitted curves. The computer software employed for the estimation was 
GraphPad Prism (2004, Version 4.0, GraphPad Software, San Diego California USA). Results on 
chemical compositions of various tree parts, calculated and estimated gas production 
parameters were subjected to one-way ANOVA analysis by using SAS software package SAS, 
2003) and differences of means were separated by Duncan multiple range test. Pearson 
correlation procedures were performed with the SAS software package.  
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Results 
 

Crude Nutrients 
 
The average values of crude nutrient composition of M. stenopetala parts are presented in 
Table 1. In general, significant differences in chemical composition were observed in the 
investigated tree parts. The crude protein content of both seed and leaves parts was generally 
high, the value for the former being significantly higher (P<0.001) than the latter. The fraction 
of fat present in the seed was considerably higher (P<0.001) than both for leaves and the seeds-
removed dried pods parts. The sugar content of leaves part was higher (P<0.0001) than the 
seed. However, the content of gross energy in the seed was higher (P<0.0001) than both leaves 
and seeds-removed dried pods parts. In general, the seeds-removed dried pods contained 
relatively small amounts of nutrients and were characterized by high fiber contents that were 
reflected in NDF, ADF and ADL results. 
 
Table 1. Average crude nutrient composition of leaves, seeds and seeds-removed dried pods of 
M. stenopetala (g/kg DM) (Mean and standard deviations) 
 
Nutrients Leaves  Seeds  Seeds-removed dried pods 
Ash  95.5 (7.70)a  57.1(2.75)b 58.0 (3.56)b 

Crude protein 282 (6.14)b 395 (8.39)a 110 (4.72)c 

Crude fat 83.8 (8.59)b 334 (14.3)a 16.2 (2.52)c 

Crude fiber 96.0 (7.92)b 95.7(10.5)b 539 (25.6)a 

Nitrogen free extract 411(17.8)a 85.4(9.56)c 229(16.8)b 

Neutral detergent fiber 133 (8.48)b 144(14.7)b 711 (8.27)a 

Acid detergent fiber 128 (8.73)b 116 (24.7)c 645 (9.28)a 

Acid detergent lignin 32.0 (1.94)b 42.6 (11.0)b 225 (14.0)a 

Sugar 107 (4.21)a 73.4 (1.79)b - 
Gross energy (MJ/kg DM) 18.6 (0.18)b 24.9 (0.25)a 16.8 (0.38)c 

Cellulose  100 (6.73)b 73.4 (7.65)c 420 (18.4)a 
Hemicelluloses  5.21(0.54)c 28.13 (2.36)b 66.2 (6.43)a 
a-c Means between tree parts within a column with no common superscript differ significantly 
(P<0.05) 

Minerals 
 
As shown in Table 2, the leaves contained higher calcium, sodium and manganese than in 
seeds and seeds-removed dried pods. However, the magnesium and potassium content of both 
seeds and leaves were comparable. The phosphorus content in seeds was considerably higher 
than in leaves and seeds-removed dried pods parts. The seeds-removed dried pods had higher 
amounts of potassium than leaves and seeds.  
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Table 2: Average mineral contents of seeds, leaves and seeds-removed dried pods of M. 
stenopetala (g/kg DM) (Mean and standard deviations) 
 
Feed materials Phosphorus  Calcium  Magnesium Potassium  Sodium  

Leaves 3.81 b 18.5 a 4.62 a 16.6 b 4.13 a 
 (0.39) (2.21) (1.10) (1.97) (2.78) 
Seeds 10.6 a 1.65 b 5.12 a 15.4 b 2.20 b 
 (1.50) (0.20) (0.08) (0.93) (0.08) 
Seeds-removed  2.13 c 3.91 b 1.92 b 23.4 a 9.24 b 
dried pods (0.27) (0.09) (0.33) (1.11) (0.17) 
 

In Vitro Gas Production, Calculated and Estimated Parameters 
 
Calculated values of metabolizable energy (ME), organic matter digestibility (OMD) and short 
chain fatty acids (SCFA) for M. stenopetala parts are presented in Table 3. The ME, OMD and 
SCFA between tree parts were significantly different (P<0.0001; R2=0.99). Accordingly, in all 
calculated parameters, the leaves part was significantly higher than both seed and seeds-
removed dried pods were, while the seed was significantly higher than the seeds-removed 
dried pods part.  As shown in Figure 1, the leaves had the higher volume of gas production than 
seeds and seeds-removed dried pods. As presented in Table 3, the overall mean of the intercept 
(parameter a) for the leaves, seeds and seeds-removed dried pods was positive. The average gas 
production from soluble fraction ‘a’ was 3.4, 2.6 and 1.7 for leaves, seeds-removed dried pods 
and seeds, respectively. The gas production from the insoluble but with time fermentable 
fraction ‘b’ for leaves ranged from 50.6 to 58.4 with a mean gas volume of 53.0 ml/200mg 
DM.The gas volume from fraction ‘b’ for seeds varied between 31.7 and 32.7, the average being 
32.4 ml/200mg DM. The average gas volume from fraction ‘b’ for seeds-removed dried pods 
was 26.1 ml/200mg DM with a range of 25.1 to 27.4. Accordingly, the gas production parameters 
for the leaves were always higher than seeds and seeds-removed dried pods as demonstrated in 
Figure 1 and the differences were highly significant (P<0.001; R2=0.99).  
 
Table 3: Means, and standard errors of calculated ME, OMD and SCFA, and estimated 

parameters a, b, and c in the in vitro gas production model Y=a + b (1 - e-ct) when 
applied to 200 mg M. stenopetala feed samples for 96 hrs 

 
Feed 
materials 

Calculated parameters1)  
Gv24 
(ml) 

 Estimated parameters2) 
ME  
(MJ/kg DM) 

OMD 
(%) 

SCFA  
(mmol) 

a b c 
 

R2 

Leaves 10.0a 
(0.29) 

74.3a 
(1.87) 

103 a 
(0.05) 

45.6a 
(1.63) 

 3.39a 
(0.87) 

53.0a 
(0.84) 

0.09a 
(0.00) 

0.96 
 

Seed 7.02b 
(0.14) 

52.3b 
(0.93) 

37b 
(0.02) 

15.5b 
(0.73) 

 1.73a 
(0.25) 

32.4b 
(0.26) 

0.04b 
(0.00) 

0.99 

Seeds-removed 
dried pods 

5.12c 
(0.12) 

38.1c 
(0.82) 

31c 
(0.02) 

17.9b 
(0.85) 

 2.65a 
(0.22) 

26.1c 
(0.23) 

0.05c 
(0.00) 

0.98 
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a-c Means within a column with no common superscripts differ significantly (P<0.05); ME= Metabolizable 
energy, OMD= Organic matter digestibility, SCFA= Short chain fatty acids; Gv24= corrected gas volume 
over 24 h; 1) Parameters were calculated from 24 hours gas production data; 2) Estimated parameters 
obtained by fitting gas production data to exponential model. [a= intercept, gas produced from soluble 
fractions; b= gas production from insoluble but with time fermentable fraction; c= rate of fermentation 
(ml/hr)]. 
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Figure 1: Pattern of in vitro gas production from leaves, seeds and seeds-removed dried pods of 

Moringa stenepetala incubated over 96 hours 
 
The rate of gas production (c) for leaves varied between 0.093 and 0.097 per hour with the 
mean of 0.95 and was considerably higher (P<0.001; R2=0.99) than the rates for seeds and 
seeds-removed dried pods. The gas production rate for seeds ranged from 0.039 to 0.042 with 
the average of 0.04 per hour while for that of seeds-removed dried pods varied between 0.045 
and 0.047, the average being 0.046. As a result, leaves fermented at a faster rate (nearly +100%) 
than both seeds and seeds-removed dried pods, while fermentation rates of the latter two were 
more or less similar. There was a significant difference (P<0.05) between seeds and seeds-
removed dried pods with regard to parameters b and c.  
 

Associations Between In Vitro Gas Production Kinetics and Chemical Composition 
 
As presented in Table 4, Pearson correlation coefficient showed inverse relationships between 
gas volumes at various incubation times as well as estimated parameters (a, b and c) with CF, 
NDF, ADF and ADL contents of the investigated Moringa tree samples. Nevertheless, no 
significant relationships were observed for these parameters with CP, crude fat and energy 
contents. Similarly, there were no associations found between the intercept parameter ‘a’ and 
all chemical compositions of the tree parts. 
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Table 4: Pearson correlation coefficients of in vitro gas volumes and estimated parameters with 
chemical compositions of tree parts 
 
Chemical 
compositions2) 

Gv at various incubation times1) Estimated parameters3) 
Gv24 Gv48 Gv96  a b c 

Crude protein 0.18 ns 0.27 ns 0.22 ns -0.17 ns 0.32 ns 0.02 ns 
Crude fiber -0.76** -0.81** -0.78** -0.12 ns -0.84*** -0.64* 
Crude fat -0.25 ns -0.17 ns -0.22 ns -0.32 ns -0.11 ns -0.40 ns 
NDF -0.58* -0.64* -0.60* 0.01 ns -0.68* -0.44ns 
ADF -0.53ns -0.60* -0.56ns 0.03 ns -0.65* -0.39ns 
ADL -0.59* -0.66* -0.62* 0.001 ns -0.70* -0.46ns 
Sugar 0.99*** 0.99*** 0.99*** 0.34 ns 0.99*** 0.98*** 
NFE 0.99*** 0.99*** 0.99*** 0.13 ns 0.99*** 0.98*** 
Gross energy -0.24 ns -0.16 ns -0.21 ns -0.33 ns -0.10 ns -0.39 ns 
*P<0.05; **P<0.01; ***P<0.001; ns: not significant; Gv= gas volume; 1) Gv24: gas produced at 24 h; GP48: 
gas produced at 48h; GP96: gas produced at 96 h; 2) NFE: Nitrogen free extract; NDF: neutral detergent 
fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin; 3) a= intercept, gas produced from soluble 
fractions; b=gas production from insoluble but with time fermentable fraction; c=rate of fermentation 
(ml/hr) 

Discussion 
 

Chemical Compositions 
 
Duke (1983) reported 67 g/kg DM CP and 17 g/kg DM fat for the leaves of Moringa olifera, 
which were much lower than values found for the leaves of M. stenopetala. The same author 
reported 384 g/kg DM CP and 347 g/kg DM fat in seeds of Moringa olifera, which were 
comparable to those of M. stenopetala in the present study. The CP content of leaves of M. 
stenopetala was comparable to that of sunflower meal (301 g/kg DM) as reported by Abas et al. 
(2005). The NFE found in the leaves (443 g/kg DM) was slightly higher than alfalfa hay 
(40.0%), but comparable to that of grass hay (448 g/kg DM) as reported by Abas et al. (2005).  
 
The protein content of seeds from M. stenopetala was comparable to soybean seed (398g/kg 
DM, DLG Futterwerttabellen 1997) but fat content was higher (nearly +50%). Because of its 
zero starch and high fat contents, the seed may not be suitable as a feed for ruminant as well as 
non-ruminant animals. However, Duke (1983) reported that, after oil extraction, the cake from 
the Moringa olifera seed contains 589 g/kg DM CP. Therefore, there is a possibility of using the 
extracted fat or oil from M. stenopetala for human consumption and the cake for livestock 
feeding. However, the resulting cake of M. stenopetala seed should be analyzed for 
degradability in protein fractions, for example according to the procedure of Shannak et al. 
(2000), to calculate the amount of rumen undegradable protein. This would provide valuable 
information for ruminant nutrition, especially for dairy cows or goats.  
 
The CP content of the seeds-removed dried pods was slightly higher than that of grass hay (95 
g/kg DM) and superior to that of wheat straw (43 g/kg DM) as reported by Abas et al. (2005). 
Adugna and Sundstøl (1999) reported 43 g/kg DM CP for maize stover, which is much lower 
than seeds-removed dried pods. On the other hand, the elevated content of fibrous substances 
in the seeds-removed dried pods, especially high ADF and ADL, which were much higher than 
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reported for rice straw by Sallam et al. (2007), may affect the dry matter intake by ruminants. 
However, since seeds-removed dried pods contained nutrients at a reasonable amount, if 
treated properly with urea (Van Soest, 2006) or ensiled with limestone, it might still be used as 
a potential feed resource for ruminants during draught periods in the tropics. The use of urea 
has the great advantage that it is easy and safe to use, and provides a source of crude protein 
which seeds-removed dried pods is deficient (Schiere and Nell, 1993).  
 
Ajebu et al. (2008) found 8.8 and 12.1 g/kg DM of calcium for leaves lamina and leaves midrib 
of Enset ventricosum fractions, respectively. The calcium content of the leaves of M. 
stenopetala is considerably higher than Enset ventricosum parts (leaves lamina, leaves midrib, 
pseudostem and corm). Although the phosphorous content of the leaves of M. stenopetala was 
comparable to that of leaves lamina (3.6 vs. 3.8 g/kg DM), it was much higher than other 
fractions of Enset ventricosum (Ajebu et al., 2008). The leaves of M. stenopetala had more 
magnesium than reported for all parts of Enset ventricosum. Accordingly, the nutritive value of 
leaves of M. stenopetala in terms of macro minerals can also play a significant role for 
supplementing ruminant and non-ruminant feeds in the tropics.  
 

In Vitro Fermentation Parameters 
 
The leaves showed rapid gas production in the early stage of fermentation which indicates a 
higher content of rapidly fermentable soluble components in this fraction. Moreover, gas 
production due to fermentation of insoluble but fermentable feed components was highest in 
leaves and was more rapid between 6 and 24 h of incubation. The insoluble feed components 
need to be hydrated and colonized by rumen micro-organisms before they can be fermented 
(Groot et al., 1996). Thus, before digestion of the insoluble feed components proceeds, the 
microbial population has to multiply and colonize the substrate which results in increased rate 
of gas production in the early stages of incubation (Adugna and Sundstøl, 1999). Abas et al. 
(2005) reported a gas production of 46.2, 41.2, and 34.0 ml/200 mg wheat bran, alfalfa, grass 
and hay at 24 h incubation, respectively. The gas volumes reported from wheat bran and alfalfa 
hay were comparable to that of leaves part (45.6 ml/200 mg), whereas values from grass hay 
were relatively lower. The estimated parameter b for leaves (53.0) was more or less similar to 
the findings of Sallam et al. (2007) for berseem hay (50.9).  
 
Indeed, seeds of M. stenopetala had the highest CP content (395.2 g/kg DM) and produced low 
gas volume than the leaves. Normally, low gas production would indicate low degradability, 
but feedstuffs high in CP produce less gas during fermentation, even if their extent of 
degradation is high, because protein fermentation produces ammonia, which influences the 
carbonate buffer equilibrium by neutralizing H+ ions from volatile fatty acids without release of 
carbon dioxide (Cone and Van Gelder, 1999). Mlambo et al. (2007) reported that seeds from 
Acacia nilotica contained less CP and were more fermentable than other tree seeds, which had 
high CP content. The low rate of fermentation in the seeds might further be explained by the 
presence of high fat content, which contribute to negligible gas production; and absence of 
starch, which is positively related to gas production (De Boever et al., 2005). According to the 
works done by Chai et al. (2004) on starch fermentation in vitro, the majority of starch 
degradation occurred after 6 h incubation and was completed within 24 h.  
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Gas volume produced at 24 h from seeds-removed dried pods was inferior than reported by 
Abas et al. (2005) for wheat straw (26.2 ml/200 mg). Seeds-removed dried pods had thus very 
low fermentation, probably because of its high lignifications (ADL: 225g/kg DM). It has been 
widely reported that high lignin content and other fibrous substances in a feed may decrease 
rate of gas production (Getachew et al., 2000).  Measuring the gas production provides useful 
information from which I, OMD and SCFA could be predicated (Blümmel and Becker, 1997). 
Menke and Steingass (1988) reported a positive relationship between ME calculated from in 
vitro gas production with ME values from conventional feeds measured in vivo. The calculated 
high ME values for the leaves compared to the seed might be explained by the presence of high 
sugar content in the latter which is highly correlated to gas production. Kiran and 
Krishnamoorthy (2007) reported an average calculated ME of 10.2 MJ/kg DM for common 
protein supplements, which is similar to values for leaves (10.0 MJ/kg DM).  
 
A high relationship (r=0.98) was determined between in vivo OMD and in vitro gas volume at 
24 h (Menke et al., 1979).  The calculated OMD for alfalfa and grass hays was reported to be 
66.3 and 55.7%, respectively (Abas et al., 2005), which was inferior to that of leaves part 
(74.3%). Babayemi (2007) reported between 57.7 and 75.0 OMD for African forage species. The 
calculated OMD for seeds-removed dried pods (38.1%) was somewhat lower than reported by 
Sallam et al. (2007) for rice straw (41.5%) and Abas et al. (2005) for wheat straw (45.2%).  A 
good relationship (R2 = 0.94) existed between measured in vitro gas production and that 
calculated from SCFA for tannin-containing browses (Getachew et al., 2002a). The calculated 
SCFA for leaves was much higher than reported by Babayemi (2007) for different forage 
species. Higher production of gas and the eventual predominance of SCFA in leaves could 
probably describe an increased proportion of acetate and butyrate but a decrease in propionate 
production (Babayemi et al., 2004b).  
 
There was no significant relationship of CP and fat contents of Moringa tree parts with 
measured gas volume, which is consistent to the findings of Blümmel et al. (1999). On the 
other hand, Adugna and Sundstøl (1999) and Getachew et al. (2004) observed a negative 
correlation between the volume of gas produced and the CP content of the feed, which again 
disagrees with the findings of Gasmi-Boubaker et al. (2005), who reported a positive 
correlation for tropical browse species. In general, the NDF, ADF and ADL contents were 
negatively correlated with gas production, which is in line with the fingings of Larbi et al. 
(1998), Gasmi-Boubaker et al. (2005), Rymera et al. (2005) and Sallam et al. (2007).  

 
Conclusion 

 
The analyzed Moringa tree fractions differed in chemical composition and in vitro gas 
production. The leaves exhibited the highest content in most common nutrients as well as the 
greatest gas volume and gas production characteristics. The enhanced chemical compositions 
along with calculated metabolizable energy, organic matter digestibility and short chain fatty 
acids of leaves revealed that they could be used as a supplement of protein and energy in 
ruminant and non-ruminant feeding. The absence of starch coupled with high fat content in 
the seeds may suggest their unsuitability for feeding livestock. However, after extracting the 
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fat, the seed cake might be a useful protein supplement in livestock nutrition. We recommend 
further investigation with leaves in feeding experiments with small ruminants (digestibility 
trials). 
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Abstract 

 
This experiment was conducted at Mekelle University Small Ruminants Farm Unit, Tigray, 
Ethiopia, to investigate the extent of replacement of noug seed cake (Guizotia abyssinica) 
by dried Leucaena leucocephala leaves on the feed intake, digestibility, and live weight gain 
of highland sheep. Twenty intact yearling highland sheep weighing 16.92±1.6 kg (mean ± 
standard deviation) were used. The experiment was conducted using a randomized 
complete block design (RCBD). Initial body weight was the blocking factor with four 
treatments and five replications. Four iso-nitrogenous treatment diets based on 
driedLeucaena leucocephala and noug seed cake as protein supplements were formulated. 
DriedLeucaena leucocephalawas used to substitute noug seed cake at 15, 30 and 45 % as 
dietary source of nitrogen. After 15 days adaptation period Feeding and digestibility trial 
carried out for 90 and 7 days respectively. Sheep supplemented with T4 diets had 
Significant total dry matter intake (P<0.05), organic matter, crud protein intake (P<0.05) 
and average daily weight gain (58.88 g/day) than sheep that received T3 (53.33 g/day), T2 
(53.33 g/day) and the control group (53.33 g/day) diets. Sheep supplemented with T3 diets 
had higher feed conversion ratio (11.93) than sheep kept on the other treatments. However, 
sheep supplemented with control group (8.98%) and T4 (8.94%) diets had higher feed 
efficiency than sheep provided with T2 (8.74%) and T3 (8.39%) diets. Sheep supplemented 
with T4 had higher crude protein apparent digestibility (74.96%) than sheep offered T2 
(69.9%), T3 (69.33) and control group (68.4%) Sheep kept on T4 diets had higher body 
gain, feed intake and recommended to highland Tigray sheep. 
 

      Key words: Leucaena Leucocephala, Noug Seed Cake, Sheep, Wheat Straw    
 

Introduction 
 
Livestock production sector shares about 33% of the total agricultural output in Ethiopia and 
about 12% of the total gross domestic product (Ayele et al. 2003). Sheep production contribute 
22-63% to the cash income and the annual mutton production of Ethiopia is estimated at 78 
thousand metric tons and most of the sheep slaughtered at about 12 months of age with live 
weight of 18-20kg and mean carcass weight about 10 kg, which is the second lowest amongst 
sub-Saharan African countries (FAO, 2004).  
 
The major feed resources in Ethiopia for sheep production are natural pasture, crop residues, 
aftermath, browse species and agro-industrial by-products and to a lesser extent improved 
pasture and forage crops (Seyoum and Zinash, 1989). Majority feed resources are high in fiber, 
with low to moderate digestibility and low levels of nitrogen and mineral contents (Preston, 
1995). Chemical treatments are effective methods to improve crop residues but cost 
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implications and their difficulty to apply are basic challenges (McDonald ET al.1995).  
Concentrate feed sources; especially grains are expensive and out of reach for many 
smallholders to use them as animal feed. Berhanu et al. (2009) reported that wheat bran is the 
major agro-industrial by product available in Tigray markets, while oilseed cakes are 
uncommon. Berhanu et. Al (2009) indicted that annually 680 ton of wheat bran and cotton 
seed cakes were exported to Djibouti. As a result, local supply is affected and price of oil seed 
cake in Ethiopia, particular in Tigray influenced.  
 
To mitigate inflation price of concentrates, supplementation of Leucaena leucocephala could be 
an alternative to unavailable and expensive protein concentrates (Clavero, 1998). Leucaena 
leucocephala is now being grown in all agro- ecological zones and well adapted to Tigray 
region. However, farmers still have low perception about the use of Leucaena leucocephala as 
animal’s feed and the plant remains as tree. Therefore, this study indicated utilization of 
Leucaena leucocephala as a replacement for noug seed cake (Guizotia abyssinica) on feed 
intake, digestibility, and live weight gain of highland sheep. 
 

Material and Methods 
 

Description of the Study Area 
 
The experiment was conducted at Mekelle University Small ruminants Farm Unit, located 783 
km North of Addis Ababa. The site lies at an altitude of 2250 m.a.s.l 130 28’N latitude and 390 
29’E longitudes. The mean annual rainfall was 680 mm; the mean annual maximum and 
minimum temperatures were 26.40C and 8.250C, respectively (BoANR, 1997). 
 

Experimental Animals and Their Management 
 

Twenty intact yearling highland sheep weighing 16.9±1.6 kg (mean ± standard deviation) were 
purchased from Enba-Alaja woreda. The experimental animals were housed in individual pens 
equipped with feeding and watering troughs. The experimental animals were drenched with a 
broad spectrum anti-helmentic (Albendazol) drug against internal parasites, sprayed 
(Accaricide / Ectoparasite 30) against external parasites and vaccinated against anthrax and 
ovine pasteurellosis.  
 

Experimental Diets and Design 
 
The experiment conducted using a randomized complete block design (RCBD) with four 
treatments and five blocks. Experimental animals blocked based on their initial body weight. 
McDonald et al. (2002) reported that for 20 kg weight sheep 47-76 gm/day protein needed to 
gain 50-100 gm /day weight. Therefore, four iso- nitrogenous treatment diets based on 
driedLeucaena leucocephala (leaves and twigs) and noug seed cake as protein supplements 
were formulated. DriedLeucaena leucocephala used to substitute noug seed cake at 15, 30 and 
45 % as dry matter base on dietary source of nitrogen. Leucaena leucocephala leaves and twigs 
harvested above 1.5 m tall and 5 years old trees at podding stage from the premises of Mekelle 
Agricultural Research Centre and dried under a well ventilated barn. Wheat straw was 
purchased from farmers around Ayenalem tabia in Mekelle. Noug seed cake and wheat bran 
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were purchased from Mekelle market area. Daily offered and refused were collected and 
weighed on batch of feeds and pooled for each treatment. Daily feed intake of individual sheep 
calculated as a difference between the feed offered and refused. Feed conversion ratio was 
calculated as proportion of daily total DM intake to daily body weight change. Feed conversion 
efficiency was calculated as a proportion of daily live weight gain to daily feed intake. Initial 
body weight of the experimental animals taken at the beginning of the experiment after 
overnight fasted. Live weight of each animal was recorded at weekly interval after overnight 
fasting. Average daily live weight gain (g/d) calculated as the difference between final live 
weight and initial live weight of the sheep divided by ninety feeding days. 
 
Table 1. Composition of protein supplements used in experiments in gram (g) 
 
Parameter Treatments 
 T1  T2 T3 T4 
Dried Leucaena leucocephala ( leaves+  twigs) 0 44.3 87.3 130.2 
Noug seed cake                                                            200 170 140 110 
Wheat bran        
Crude Protein                                                              

150 
83.5 

150 
83.6 

150 
83.5 

150 
83.3 

 
Digestibility Trial 

 
The digestibility trial was conducted for 7 days after 3 days of adaptation period for carrying 
fecal bags. Digestibility of the experiment carried out by keeping animals in an individual 
metabolism cage. Feces were collected and weighed every morning for each animal before feed 
offer. The collected feces were mixed thoroughly, and 10% sub-sampled and kept in air tight 
plastic containers and stored at -20oC, until the end of the digestibility trial. Amount of feed 
offered and refused measured daily. Apparent digestibility of DM, OM, CP, NDF, and ADF 
were determined. 

 
Apparent DMD% = DMI – Feces DM excreted X 100 

                                             DMI  
Apparent nutrient digestibility (%) = Nutrient intake – Nutrient in feces X 100 ` 

                                                                       Nutrient intake 
 

Chemical Analysis 
 
After mixed uniformly samples daily feed offered and feces were dried at Oven dry at 65oC for 
24 hours and milled using man power to pass through a 1 mm sieve screen size. The procedure 
of SI (2000) was used to analyze for contents of ash, nitrogen, neutral detergent fiber, acid 
detergent fiber and acid detergent lignin.  DM was analyzed using the procedure of AOAC 
(1990).   

Statistical Analysis 
 

The data obtained from the experiment were subjected to analysis of variance using the 
General Linear Model Procedure of SAS (SAS, 1998). Significant treatment means separated 
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using Tukey HSD. The models used for the analysis of feed intake, digestibility and body 
weight gain were:  
                         
Yi jk = µ + ai + bj+ eijk 
Where:    Yi jk  = response variable 
µ = overall mean, 
ai  = ith treatment effect , 
bj= jth block effect 
eijk  = random error 

Results 
 

Chemical Compositions of the Experimental Diets 
 
The chemical composition of experimental diets is given in Table 2. The crude protein content 
of wheat straw was below maintenance requirement of sheep (25.3 g/kg DM). The straw 
contained high NDF (719.8 g/kg DM), ADF (384.2 g/kg DM) and ADL (106.8 g/kg DM). The 
crude protein content of Leucaena leucocephala leaves and twigs (264.5 g/kg DM), noug seed 
cake (353.2 g/kg DM) and wheat bran (151.4 g/kg DM) can satisfy production requirement of 
sheep. 
 
Table 2. Chemical composition of the experimental diets 
 
Parameter Feeds 
 WS WB NSC DLL 
DM (g/kg) 907 886 910 895 
Ash (g/kg DM) 113.1 48.7 93.3 74.9 
OM (g/kg DM) 886.9 951.3 906.7 925.1 
CP (g/kg DM) 25.3 151.4 353.2 264.5 
NDF (g/kg DM) 719.8 460.2 338.7 452.6 
ADF (g/kg DM) 384.2 154.2 286.8 326.2 
ADL (g/kg DM) 106.8 32.8 61.2 86.7 
ADF = acid detergent fiber; ADL= acid detergent lignin; CP = crude protein; DM= dry matter; 
NDF = neutral detergent fiber; NSC = noug seed cake; OM = organic matter; WS= wheat straw; 
WB= wheat bran; DLL=dried Leucaena leucocephala;  
 

Dry Matter and Nutrient Intake 
 
Sheep supplemented with T4 diets had highest total dry matter intake (657.64 g/d)   compared 
with other treatments. Sheep supplemented with T4 diets had significant difference (P<0.01) 
on total DM intake per unit of metabolic body weight (g/kg W0.75) compared with T3, T2, and 
T1. Sheep supplemented with T4 diet had higher organic matter (593.95 g/day) than those fed 
T3 (577.03 g/day), T2 (553.2 g/day) and T1 (538.27 g/day) diets (Table 3).  Sheep supplemented 
with T4 diet had highest CP intake (110.05 g/day) compared with T3 (89.269 g/day), T2 (86.77 
g/day) and T1 (88.153 g/day) diets but, there was no significant difference on crude protein 
intake among sheep supplemented with T1, T2, and T3.  
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Live Weight Gain 
 
Sheep supplemented with T4 diets had higher final body weight gain and average daily body 
weight gain compared with sheep fed on T1, T2, and T3 diets (Table 4).  There was significant 
difference among treatments on feed conversion ratio (P=0.0174) and efficiency (P=0.0209). 
Sheep supplemented with T3 (11.93) and T2 (11.44) diets had higher feed conversion ratio than 
sheep placed in T4 (11.2), and T1 (11.14) (Table 4). However, sheep supplemented with T1 
(8.98%) and T4 (8.94%) had higher feed conversion efficiency than T3 (8.39%). 
 
Table 3. Daily dry matter and nutrient intakes of highland sheep fed different level of Leucaena 

leucocephala as a replacement for noug seed cake 
Parameter Treatments  
 T1  T2 T3 T4 SEM SL 
Dry matter intake       
Wheat straw (g/d) 290.66c 305.0b 313.19ab 316.7a 2.5699 ** 
Supplement (g/d) 302.96c 304.85c 322.23b 340.94a 3.3335 ** 
Total DM (g/d) 593.62d 609.86c 635.43b 657.64a 4.2107 ** 
Total DM (g/kg W0.75)    59.57c 60.86c 62.91b 65.35a 0.4194 ** 
Total DM (%BW) 2.7c 2.8c 2.9b 3.02a 0.0205 ** 
Nutrient intake (g/d)               
Total OM (g/d)             538.27d 553.20c 577.03b 593.95a 3.8336 ** 
Total CP (g/d)  88.153b 86.77b 89.269b 110.05a 0.8934 ** 
Total NDF (g/d)  327.585c 342.26b 358.63a 360.3a 2.2661 ** 

Total ADF (g/d) 181.34d 189.43c 198.69b 216.8a 1.3080 ** 

Total ADL (g/d)  45.89d 48.61c 51.43b 55.75a 0.3363 ** 
a, b, c, =means with different superscripts in a row are significantly different. ** = (p<0.01); ADF=acid 
detergent fiber; ADL=acid detergent lignin; CP=crude protein; DM=dry matter; NDF=neutral detergent 
fiber, OM =organic matter; SEM=standard error of mean; SL=significance level; T1= control(wheat straw 
+200g NSC+150WB); T2= wheat straw +170g NSC+44.3g Dried  Leucaena leucocephala ( leaves+  twigs )+ 
150g WB; T3= wheat straw +140g NSC+87.3g Dried  Leucaena leucocephala( leaves+  twigs )+ 150WB; T4= 
wheat straw +110g NSC+130.2g Dried  Leucaena leucocephala( leaves+  twigs )+ 150WB  

 
Table 4. Body weight change of highland sheep fed different level of Leucaena leucocephala as a 
replacement for noug seed cake 
 
Parameter Treatments  
 T1  T2 T3 T4 SEM SL 
Initial body weight (kg) 16.7 16.9 17.1 17 0.1118 ns 
Final body weight (kg) 21.5b 21.7b 21.9ab 22.3a 0.1369 ** 
Average body weight gain (g/d) 53.33b 53.33b 53.33b 58.88a 0.8784 

 
** 

FCR (g DMI/g LWG) 11.14b 11.44ab 11.93a 11.2b 
 

0.1584 
 

* 

FCE % (g LWG/g DMI*100) 8.98a 8.74ab 8.39b 8.94a 0.1250 * 

a, b =means with different superscripts in a row are significantly different. * = (p<0.05); ** = (p<0.01);  
ns= non significant ; SEM=standard error of mean; SL=significance level; T1= control(wheat straw +200g 
NSC+150WB); T2= wheat straw +170g NSC+44.3g Dried  Leucaena leucocephala( leaves+  twigs )+ 150g 
WB; T3= wheat straw +140g NSC+87.3g Dried  Leucaena leucocephala( leaves+  twigs )+ 150WB; T4= 
wheat straw +110g NSC+130.2g Dried  Leucaena leucocephala( leaves+  twigs )+ 150WB ; FCR= feed 
conversion ratio; FCE; feed conversion efficiency 



Ethiopian Society of Animal Production 2012 

 

294  
 

CPI

A
D

LW
G

1101051009590

59

58

57

56

55

54

53

S 0.314600
R-Sq 99.1%
R-Sq(adj) 98.7%

ADLWG =  31.32 + 0.2501 CPI

 
  ADBWG = average daily body weight gain (g/day);       CPI= crude protein intake (g DM/day) 
 
Figure 1.  Regression of total crude protein intake on average daily body weight gain (ADBWG) 
of highland sheep 

 
The mean daily body weight gain had a positive and a linear correlation (P<0.004, r = 0.996) 
over the total CP intake (Figure 1). The regression analysis indicates that average daily body 
weight gain attributed to 99 % to the total CP intake. This means that average daily body 
weight gain was dependent to the extent of 99 % on the total CP intake. 

 
Nutrient Digestibility 

 
Sheep supplemented with T4 (63.15%) had higher OM apparent digestibility compared to 
sheep placed in T3 (62.3%), T2 (62.9%) and T1 (59.72%). crude protein apparent digestibility 
values was significantly difference (p=0.0166) among treatments. The highest crude protein 
apparent digestibility value was recorded in sheep supplemented with T4 diets (74.96%) 
compared with other treatments. However, there was no significant difference among 
treatments on NDF (P=0.43) and ADF (P=0.07) apparent digestibility.  
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Table 5. Apparent nutrient digestibility of highland sheep fed different level of Leucaena 
leucocephala as a replacement for noug seed cake 
 
Parameter Treatments  
DC (%)         T1  T2 T3 T4 SEM SL 

      

DM 57.31 60.61 59.93 61.01 1.524 ns 
 OM                 59.72 62.9 62.3 63.15 1.437 ns 
 CP 68.4b 69.9b 69.33b 74.96a 1.167 ** 
NDF 51.78a 55.74a 55.17a 55.41a 1.834 ns 

 ADF 35.83a 42.04a 41.65a 45.80a 2.247 ns 

 
a, b,  =means with different superscripts in a row are significantly different. ** = (p<0.01); ns= non 
significant ; ADF=acid detergent fiber; ADL=acid detergent lignin; CP=crude protein; DM=dry matter; 
NDF=neutral detergent fiber, OM =organic matter; SEM=standard error of mean; SL=significance level; 
T1= control(wheat straw +200g NSC+150WB); T2= wheat straw +170g NSC+44.3g Dried  Leucaena 
leucocephala( leaves+  twigs )+ 150g WB; T3= wheat straw +140g NSC+87.3g Dried  Leucaena 
leucocephala( leaves+  twigs )+ 150WB; T4= wheat straw +110g NSC+130.2g Dried  Leucaena leucocephala( 
leaves+  twigs )+ 150WB , DC%= digestibility coefficient   

 
Discussion 

 
Chemical Composition of the Experimental Diets 

 
Wheat straw had low CP content but high value of NDF and ADF. High values of NDF and 
ADF are likely to depress intake and digestibility of the straw (Van Soest, 1982). Thus, the low 
CP and high cell wall contents implicate the low nutritive value of wheat straw. CP, NDF and 
ADF value of wheat straw were lower than the value reports by Safari et al. (2010). Daniel 
(1988) reported that fluctuation of chemical composition of wheat straw depends on species, 
agronomic practices, soil, temperature and stage of growth .The crude protein content of 
Leucaena leucocephala, leaves and twigs, noug seed cake and wheat bran found to satisfy the 
production requirements of sheep.  
 

Dry Matter and Nutrient Intake 
 
Wheat straw intake and total dry matter intake were increased with a progressive substitution 
of noug seed cake by dried Leucaena leucocephala leaves. Such trends were also noted by 
Ndemanisho et al. (1998) when cotton seed cake was replaced by dried Leucaena leucocephala. 
Ajebu (2009) found that the range of wheat straw intake was 238- 358 g DM/day with different 
protein supplemented. Total DM intake per body weight in the study was found comparable 
with the recommended value of 2.6% (NRC, 1981).High CP intake with the mixed 
supplementation level was due to increased total DM intake and higher CP content of feeds. 
NDF, ADF and ADL intake increased with a progressive replacement of noug seed cake by 
Leucocena leucocephala. This was due to high NDF, ADF and ADL contents in wheat straw and 
dried Leucocena leucocephala leaves and twigs.  
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Live Weight Gain 
 
Due to high crude protein intake sheep supplemented with T4 had higher live weight gain. 
Average daily body weight gain was in the range 6.5- 65.2 g reported by Kaitho et al. (1998) on 
sheep supplemented with levels of sun dried Leucaena leucocephala leaf. The current studies 
found higher average daily body weight gain than reported by Amare et al. (2009) on sheep 
supplemented with iso-nitrogenous oil seed cakes in cactus but, lower than the value reported 
by Mule (2005) on sheep supplemented with different levels of brewery dried grain. The daily 
body weight gain in the current study was similarly with Getachew (2005) on sheep 
supplemented with Acacia saline. Sheep in T1 and T4 diets had relatively efficient in utilization 
of nutrients for live weight gain compared with T2 and T3 diets. In the present study, the mean 
daily body weight gain had a positive and a linear correlation over the total CP intake. In the 
present study the tendency for higher body weight  gains with increasing CP concentration was 
a reflection of higher CP intake and apparent digestible of T4 diets compared with T2, T3 and 
T1 . 

Nutrient Digestibility  
 
Sheep supplemented with T4 diets had higher CP apparent digestibility compared with sheep 
placed in T3, T2 and T1 diets.  Preston et al. (1984) reported that any increase in protein intake 
will lead to increase apparent digestibility of crude protein. In line with Secret (2005) 
supplementation with dietary protein had no effect on the digestibility of ADF and NDF. 
Similarly, Macrae and Armstrong (1969) also concluded that supplementation had little or no 
effect on digestibility of NDF and ADF, despite the depression of fractional digestion.  

 
Conclusions 

 
Sheep supplemented with T4 diets had higher body weight gain, feed intake, crud protein 
apparent digestibility and recommended for highland Tigray sheep. Supplementation of wheat 
straw with 45% as a replacement for noug seed cake by Leucaena leucocephala is biologically 
more efficient. 
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Abstract 

 
The study examined supplemental feeding value of L. pallida and its mixture on feed intake 
and growth performance of highland zebu (Bos indicus) oxen.  Thirty five zebu oxen of five 
to six years of age and similar body condition were allocated to seven treatment group in a 
randomized complete block design. They were individually housed and fed daily teff straw, 
L. pallida and its mixture about 3% of their body weight. The treatments feed were teff 
straw ad-lib (T1), 60% teff straw + 40% chopped L. pallida (T2), 60% teff straw + 30% L. 
pallida + 10%Wheat bran (T3), 50% teff straw + 25% chopped L. pallida +25% Wheat bran 
(T4), 40% teff straw + 20% chopped L. pallida  +40% Wheat bran (T5), 30% teff straw +15% 
chopped L. pallida  + 55%Wheat bran (T6), T1 + 50% Noug cake + 50% Wheat bran at the 
rate of 3kg/day/ox (T7).  The DM intake of Teff straw was higher (P < 0.001) for non-
supplemented (T1) and T2. Supplementation improved the total dry matter (DM) intake by 
48.9, 53.2, 51.0, 55.3, 48.9 and 48.9% over the control treatment in T2, T3, T4, T5, T6 and 
T7, respectively. Supplemented groups had higher (P < 0.001) daily body weight (BW) gain, 
and better feed conversion efficiency compared to the un- supplemented group. Higher 
(P<0.001) daily weight gain were achieved in T6 (355.6 g day-) followed by T5 (298.6 g day-
). Supplementation of 55% wheat bran mixed with 15 % of L.pallida in teff straw based diet 
was found the best ration for weight gain of local oxen. 

 
Key words: Crop Residues, Fattening, Multipurpose Tree, Noug Cake 
 

Introduction 
 

Livestock production is an integral component of the farming system, which contribute huge 
resources to the livelihood of the farming community of almost all-farming systems in Eastern 
Amhara. Livestock is mainly used for the supply of draught power, provision of food in the 
form of milk and meat. By-products of livestock in the form of manure are also of economic 
importance in the mixed crop livestock system for soil fertility improvement. The income 
generated from sales of livestock and livestock products also form the main income for the 
farming community. Apart from this it is one of the major sources of export earnings in the 
country.  Despite its importance the productivity and economic contribution of the sub-sector 
is challenged with various constraints among which nutritional constraints are often the 
overriding ones. 
Subsistence farmers keep their cattle for draft. These working cattle produce beef at the end of 
their working life. Consequently, the major proportion of beef produced is not of high quality 
(Tesfaye and Abule, 1993). The policy of the government of Ethiopia in general and Amhara 
region in particular is market oriented research and development in order to realize food 
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security at household level. In the field of livestock, efforts are concentrated on developing and 
intensifying rural animal production to provide adequate animal products with the objectives 
to improve the diet of the population and raise the rural income. 
 
Declining crop yield/unit area accompanied by progressively increasing requirement for food is 
forcing farmers to cultivate more land at the expense of grazing pasture and the increase in 
cereal crop residues. Grazing aftermath and crop residues accounting for 60 to 70 percent of 
available basal diet in the highlands of Ethiopia and are inherently low in protein, digestible 
energy and minerals (Seyoum and Zinash, 1998). When fed alone, such feeds are unable to 
provide even the maintenance requirement of livestock (ILRI, 1999). The improvement in the 
efficiency with which ruminant animals transform crop residues in to meet, milk and draught 
power will have important implications in the integration of animals in the strongly cereal 
crop-oriented production system in eastern Amhara. Low nitrogen feeds like straw ferment 
slowly and yield low levels of rumen ammonia nitrogen (NH3 - N), that does not promote 
efficient digestion process (Ørskov, 1995). 
 
Supplementation of animals fed on fibrous feeds with multipurpose tree is one among many 
alternatives to achieve better utilization of the fibrous feeds. Multipurpose tree usually raise 
the supply of protein, which is limited in fibrous feeds, and this in turn will raise animal 
productivity through improving the utilization of carbohydrate energy and other nutrients 
from fibrous feeds (Leng, 1997). 
 
Leucaenahas demonstrated wide environmental adaptability and a great variety of uses 
(Brewbaker and Sorensson, 1990).Leucaena is good forage. The leaves and young stems are 
highly palatable, and edible forage yields range from 3 to 30 t dry matter/ha/year depending on 
soil fertility, row spacing, rainfall and temperature (Shelton and Brewbaker, 1994). Leucaena is 
also valuable supplement to poor quality grasses and crop residues in small holder system 
where it has the effect of increasing intake and improving overall diet digestibility (Norton, 
1994). However, information on fattening of Zebu oxen (Bos indicus) based on available feed 
resources on animal performance is very limited. 
 
This study was therefore conducted with the overall objective of assessing feed intake and lives 
weight change in highland zebu (Bos indicus) oxen supplemented with different levels of 
L.pallidaand wheat bran fed a basal diet of teff straw. 

 
Materials and Methods 

 
Description of the Experimental Area 

 
The experiment was conducted at Sirinka Agricultural Research Jeri Sub-Center located at 435 
km north east of Addis Ababa, at an altitude of 1978 m.a.s.l. and between 11.33oN latitude and 
39.67oE longitude. The average annual rainfall is 1117 mm. 
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Description of the Experimental Feeds 
 
Leucaena pallida which were used a main supplement in the current experiment were 
harvested from the nursery site of Jarri sub-center of Sirinka Agricultural Research Center 
(SARC). The branch of L. pallida were lopped and allowed to dry in the shade then after, the 
dried leaves were removed from the branches by beating with sticks and these leaves were put 
in the container for the subsequent use of the experiment. The other feed ingredients 
including wheat bran, noug seed cake and salt were purchased from Animal feed seller from 
Dessie. Teff straw were obtained from the research center and partially purchased from the 
farmer around the research center. 
 

Experimental Animals and Their Management 
 
A total of 35 highland zebu (Bos indicus) oxen with the age of five to six years old and mean 
initial live weight of 267.69 + 17.16Kg (mean±SD) was purchased from Haike which is located 30 
km from Dessie. Ages of animals were estimated based on dentations and information from the 
sellers. The purchased animals were quarantined for fifteen days and during this period all 
oxen were ear-tagged for identification, vaccinated against anthrax, and pasteurellosis. The 
oxen were also injected ivermectin (200 mcg ivermectin/kilogram of body weight) against 
internal and external parasites. Thereafter, the animals were individually penned in loose tie 
barn with cemented floor and adapted on the experimental diets for 15 days, before the 
commencement of data collection for growth trial. 

Experimental Diets 
 

All the feeds required were obtained once before the start of the trial. The concentrate 
supplements were mixed fortnightly on proportion of 3% animal boy weight as described 
below. 

1.  Teff straw ad-lib (T1) 
2.  60% Teff straw + 40%chopped L. pallida (T2) 
3.  60% Teff straw + 30% chopped L. pallida + 10% Wheat bran (T3) 
4.   50% Teff straw + 25% chopped L. pallida +25% Wheat bran (T4) 
5.   40% Teff straw + 20% chopped L. pallida +40% Wheat bran (T5) 
6    30% Teff straw +15% chopped L. pallida + 55% Wheat bran (T6) 
7     T1 + 50% Noug cake + 50% Wheat bran (T7) at the rate of 3 kg/head/ day. 

 
Experimental Design 

 
At the end of the adaptation period, animals were individually weighed and balanced for 
weight in seven treatment groups of five replications. The animals were selected and used in a 
randomized complete block design with the animals blocked based on initial body weight and 
each represented a replicate and each of the seven experimental diets represented the 
treatments. The feeding trial was conducted for a period of 135 days. 
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Feed Intake Measurement 
 
The concentrate supplements (treatment diets) were offered twice a day at 8:00 h and 16:00h in 
two equal portions. Feed offered to the experimental animals and corresponding refusals had 
been recorded daily throughout the experimental periods to determine daily feed intake. Daily 
feed intake of both supplement and basal feed were determined by the difference between the 
amount of feed offered and refused in dry matter basis. Representative samples of feed offered 
per batch and refused per animal were collected every three days for determination of dry 
matter and analysis of chemical composition. 

 
Live Weight Measurement 

 
Initial weights of each animal were determined by taking mean of two consecutive weights 
after overnight fasting at the beginning of the actual feeding trial and then after live weights of 
the animals were measured fortnightly. Weights were taken in the morning before the animals 
were offered feed and water. Mean daily live weight gain was calculated by regressing live 
weight on days of feeding. 
 

Chemical Analysis 
 
Samples of ingredients of the test diets teff straw, wheat bran, noug seed cake and L.pallida 
were analyzed for Ash, dry matter (DM), organic matter (OM), and crude protein (CP) (AOAC 
1990). Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin 
(ADL) were analyzed following the procedures of (Van Soest et al., 1991). 

 
Statistical Analysis 

 
The experimental data collected for feed intake, and BW gain were analyzed using the analysis 
of variance model for completely randomized design by using the general linear model 
procedure of (SAS 2002). The treatment means were separated using Tukey test. 

Results 
 

Chemical Analysis of the Treatment Feeds 
 
The chemical composition of the treatment feeds is given in Table 1. 
 
Table 1 Chemical composition of treatment feeds 

 

 
Treatment feeds 

Chemical composition (% DM) 
DM (%) CP OM ASH NDF ADF 

Teff straw 93.4 4.5 91.0 9.0 50.3 19.7 
L. pallida 94.0 21.8 92.6 7.4 35.8 21.0 
Wheat bran 90.3 17.0 95.3 4.7 42.4 13.0 
Noug seed cake 92.1 30.2 87.9 12.1 39.3 29.2 
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The CP content of Teff straw used in the current study is low, whereas the CP content of 
Wheat bran was medium but L. pallida and Noug seed cake high CP content. The NDF content 
was higher in the basal diet and followed by WB, whereas the AD F contents were more in the 
NSC and L. pallida as compared to that in WB. 
 

Daily Feed and Nutrients Intake 
 
The total daily DM intake was higher (P < 0.001) in supplemented oxen than in the non-
supplemented (Table 2). Supplementation improved the total DM intake by 48.9, 53.2, 51.0, 
55.3, 48.9 and 48.9 % over the control treatment in T2, T3, T4, T5, T6 and T7, respectively. The 
DM intake of Teff straw was higher (P < 0.001) for non-supplemented and sol L.pallida 
supplement group. Supplementation increased (P < 0.001) intake of OM, CP, NDF and ADF. 
The C P intake of experimental oxen was 0.2, 0.8, 0.9, 0.9, 0.9, 1.0 and 1.1 kg day – 1 for T1, T2, 
T3, T4, T5, T6 and T7, respectively 

 
a, b, c, d,  =means within a row not bearing a common superscript  are significantly different ; SEM 
= standard error of mean; *** = (P< .001); ** = (P < 0.01); * = (P< 0.05); ns= not significant; DMI 
=dry matter intake; SL= significance level, T1 = teff straw ad-lib; T2= 60% teff straw + 40% 
chopped              L. pallida; T3= 60% teff straw + 30% chopped L. pallida + 10% Wheat bran; T4 = 
50% teff straw + 25%chopped L. pallida +25% Wheat bran ; T5 =40%  teff straw + 20%chopped L. 
pallida +40% Wheat bran ;T6 = 30% teff straw +15% chopped L. pallida + 55%Wheat bran at the 
rate of 3% animal boy weight and T7= T1 + 50% Noug cake + 50% Wheat bran at the rate of 3 
kg/head/ day. For the positive control (T7) the recommended amount (3kg/head/day) 
(Gebergziber et al., 2002) 
 

Daily Live Weight Gain and final Live Weight 
 
Initial and final body weight, weight change, Average daily gain and Feed conversion efficiency 
of oxen supplemented with L. pallida and its mixture fed basal diet of teff straw are shown in 
Table 3. Supplemented oxen had higher (P < 0.001) daily BW gain, and better feed conversion 

Parameters Treatments 
 

  

T1 T2 T3 T4 T5 T6 T7 SEM SL 
DMI(kg/d/head)          
 

Teff straw 
4.7a 4.0ab 3.3.6bc 3.5bc 2.9cd 2.3d 2.8cd 0.08 *** 

Concentrate supplement - 3.0c 3.6bc 3.6bc 4.4ab 4.8a 4.6a 0.05 *** 
Total 4.7b 7.0a 7.2a 7.1a 7.3a 7.0a 7.0a 0.09 *** 

DM intake (g/kgW0.75) 73.5b 102.2a 100.7a 99.2a 99.3a 94.5a 97.2a 1.56 *** 
DM intake ( % BW) 1.8b 2.5a 2.4a 2.4a 2.4a 2.2ab 2.3ab 0.04 ** 
Nutrient Intake (kg/d)          

OMI 4.2b 6.5a 6.7a 6.6a 6.8a 6.6a 6.8a 0.08 *** 
CPI 0.2d 0.8c 0.9bc 0.9bc 0.9bc 1.0ab 1.1ab 0.01 *** 
NDFI 2.3b 3.1a 3.2a 3.2a 3.2a 3.1a 3.3a 0.04 *** 
ADFI 0.9c 1.4a 1.3ab 1.3ab 1.3ab 1.1bc 1.3ab 0.02 *** 
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efficiency compared to the non- supplemented oxen (Table 3). BW gain was increased as the 
level of WB increase in the supplement ration. The values for daily body weight gain were -
101.0, 107.0, 225.5, 214.9, 298.6, 355.6 and 261.9 g day- for T1, T2, T3, T4, T5, T6 and T7 
respectively. Supplementation also significant increased (P < 0.001) total weight gain of oxen. 
The values for total gain were -13.6, 14.4, 30.4, 29.0, 40.3, 48.0, and 35.4 kg, for T1, T2, T3, T4, 
T5, T6 and T7 respectively. T2 which is sole L. pallida supplement group appeared to improve 
daily BW gain significantly (P < 0.001) over the control. 
 
Table 3.  Live weight parameters, feed conversion efficiency of oxen supplemented with L. 
pallida and its mixture fed basal diet of teff straw 

 
 
Parameter 

Treatment 
 

 

 T1 T2 T3 T4 T5 T6 T7 SEM SL 
 
Initial body weight 
(kg) 

 
267.0 

 
268.4 

 
267.3 

 
268.3 

 
267.0 

 
268.4 

 
267.5 

 
2.90 

 
ns 

Final body weight 
(kg) 

253.3c 282.8b 297.7ab 297.3ab 307.4ab 316.4a 302.9ab 2.12 *** 

Weight change Kg) -13.6c 14.4b 30.4ab 29.0ab 40.3a 48.0a 35.4ab 2.12 *** 
Average daily gain /( 
g/head/day) 

-
101.0c 

107.0b 225.5ab 214.9ab 298.6a 355.6a 261.9ab 15.73 *** 

Feed conversion 
efficiency 

-
0.02c 

0.01b 0.03ab 0.03ab 0.04ab 0.05a 0.04ab 0.002 *** 

a, b, c,  =means within a row not bearing a common superscript  are significantly different ; SEM 
= standard error of mean; *** = (P< .001); ** = (P < 0.01); * = (P< 0.05); ns= not significant; DMI 
=dry matter intake; SL= significance level, T1 = teff straw ad-lib; T2= 60% teff straw + 40% 
chopped              L. pallida; T3= 60% teff straw + 30% chopped L. pallida + 10% Wheat bran; T4 
= 50% teff straw + 25%chopped L. pallida +25% Wheat bran ; T5 =40%  teff straw + 
20%chopped L. pallida +40% Wheat bran ;T6 = 30% teff straw +15% chopped L. pallida + 
55%Wheat bran at the rate of 3% animal boy weight and T7= T1 + 50% Noug cake + 50% 
Wheat bran at the rate of 3 kg/head/ day. For the positive control (T7) the recommended 
amount (3kg/head/day) (Gebergziber et al., 2002) 

 
Discussion 

 
Chemical Composition of Treatment Feeds 

 
The CP content of the teff straw used in this study was relatively higher than 3.91 % (Getahun 
and Kassahun (2010), but lower than 5.2- 7.5% (Seyoum and Zinash 1989). Thus, CP content in 
the Teff straw used in the current study below the minimum quantity for the maintenance 
requirement of animals, which is in the range of 7 – 7.5% CP (Van Soest 1994 ). Generally, the 
low CP and high NDF content in the Teff straw used in this study is typical of poor quality 
feed, and this could be due to varietals differences, location or climate, fertilization, stage of 
maturity at harvest, morphological fractions (e.g. leaf to steam ratio), harvesting and 
transporting practices, length and condition of storage time, etc (Amare 2007) . High content 
of cell wall fiber delays rumen fermentation and prolongs retention time in the digestive tract 
resulting in lower feed intake (McDonal d et al. 2002). Therefore, the teff straw used in this 
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study requires to be supplemented with high CP containing feeds like multipurpose tree and 
agro-industrial by-products to improve the performance of animals consuming it as a basal 
feed. On the other hand, WBhadmoderate and L. pallida, and NSC had high CP content that 
qualifies them as potential supplements in animal feeding systems where poor quality fibrous 
feeds are the dominant feed resources. The CP content of L. pallida in this study was relatively 
higher than 20.3 % and 19.5 Solomon (2004) and Kaitho et al., (1998) respectively. But lower 
than 22.0 (Devendra 1986). 

 
Feed Intake 

 
The low intake of total DM in the non- supplemented oxen may be due to the relatively low CP 
content of the hay used in this study. Dietary deficiency of nutrients, especially of nitrogen for 
rumen microbes will reduce voluntary feed intake (Cheeke 1999). Studies by (Kaitho et al., 
1998) demonstrated that supplementation of MPTs feeds to roughages improved total DM 
intake similar to the result of the current study. Bonsi and Osuji (1997) showed that 
supplementation of cotton seed cake, sun dried Leucaena and Sesbania with crushed maize in 
teff straw based feeding increased the DM and OM intake of teff straw as well as total feed 
intake and digestibility. Thus, the observed differences in CP intake between treatments in this 
study could generally be attributed to the differences in the DM intake differences between the 
supplemented and non- supplemented treatments. Pond et al. (1995) who reported that 
consumption of low quality roughages such as straw and poor hay can be increased markedly 
by the addition of protein and energy supplements. Dietary supplementation is known to 
improve intake by increasing the supply of nitrogen to the rumen microbes. This has a positive 
effect in increasing rumen microbial population and efficiency, thus enabling them to increase 
the rate of breakdown of the digesta. As the rate of breakdown of digesta increases, feed intake 
increase accordingly (Van Soest, 1982). 
 

Daily Live Weight Gain and final Live Weight 
 
It was observed in the current study that increase in body weight gain with increased level of 
wheat bran in the supplemented diet which was in line with Tesfaye et al., (2001) reported that 
supplementation of wheat bran to Ethiopian highland Zebu oxen gained body weight at the 
rate of 68, 459, and 477 g day- for low, medium and high supplementation level. higher results 
than the current experiment were reported by Preston and Leng (1986) mature zebu bulls (5-6) 
years which gained at the rate of 740 g/day when their basal diet of teff straw was 
supplemented with poultry litter and noug cake. Osuji and Capper (1992) also indicated that 
draught oxen of varying ages (4-5, 7-8 and 10-11 years of age); gained 614, 514 and 400 g/day 
respectively when a teff straw based diet was supplemented with wheat bran and cotton seed 
cake which is higher than the current result. The difference in the response of the current 
result might be attributed to the difference in test feeds and animal factor. Nashlai et al (1996) 
reported that response of supplementation depends on feed and animal factors. 
 
The animals on the L. palida supplementation in this study performed better body weight gain 
than the control group and numerically similar to that of T3, T4 and T7. This suggests that L. 
palida supplementation provided a better animal performance. Perez  (1978) described that 
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animals  fed up to 50% of Leucaena  leaf meal  with  40% rice straw and  10% concentrate 
mixture showed an  average  daily weight gain of 0.77  kg without any  deleterious effect on  
the  reproductive performance of  the bulls.  Lopez et al., (1981) also reported that 75% 
Leucaena + 25% sugarcane top cubes gave daily gain of 1.20 kg/day. 
 
Legume supplementation of grass/straw only diets has been observed to improve animal 
performance (Reed et al., 1990). These responses have typically been attributed to the legume 
overcoming the depressing effect that the low N concentration grass has on intake Minson and 
Milford (1967) , and by the legume providing ruminally degradable N  Van.Eys et al., (1986) or 
ruminally escape N (Flores et al., 1979) . 

 
Conclusions 

 
From the results obtained it is possible to conclude that Supplementation improved the total 
DM intake by 48.9 – 55.3 % over the control treatment. It was also observed that 
supplementation improved the performance of Zebu oxen in terms of body weight gain. 
Increasing body weight gain was observed at the increased level of wheat bran in the ration. It 
was found that 55% of wheat bran mixed with 15 % of L.pallida was the highest body weight 
gain 355.6 g day-. It was also observed that 107.0g day- body weight gain was observed from sol 
L.pallida supplement group. Therefore, it is recommended to fatten highland oxen using 
mixture of 15% L.pallida and 55% wheat bran on straw base diet. Sol L.pallida supplementation 
(40%) could also be recommended as it has improved body weight change (107.0 g day-) and it 
can be easily cultivated at little or no cost in the backyard system. 
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Abstract 

 
Monthly fish samples were collected between November 2006 and October 2007 in order 
to study some Morphometric parameters and diet composition of commercially important 
fish in Koka reservoir. A total of 2157 fish specimens belonging to four species 
(Oreochromis niloticus (304), Barbus sp (904), Clarias gariepinus (364) and Cyprinus carpio 
(585) were collected during the study period. Sex ratio (M: F) was found to be 2.18 for 
Barbus sp. 0.75 for C. gariepinus, 1.44 for Cyprinus carpio and 1.48 for O. niloticus. The 
length-weight relationship was close to curvilinear and the b values ranged between 2.66 
and 2.92 indicating variation in growth rate from allometric to nearly isometric. The 
equations calculated include TW= 0.017*TL2.92, R2= 0.90 for Barbus sp., TW= 0.011*TL2.87, 
R2=0.93 for C. gariepinus, TW= 0.021*TL2.92, R2=0.98 for O. niloticus and TW= 0.05*TL2.66, 
R2=0.96 for Cyprinus carpio. Fulton’s condition factor (mean + SE) was found to be 1.33+ 
0.022 for Barbus sp., 0.69+ 0.009 for C. gariepinus, 1.90+ 0.034 for C. carpio and 1.71+0.023 
for O. niloticus. The feeding habit of the three fish species was studied based on the 
stomachs and gut content analysis. Cyanophytes were observed to be very important food 
items in O. niloticus occurring in 100% of the stomachs examined. Fish and diatoms 
contributed more to the diet of C. gariepinus indicating mixivorous feeding habits of the 
fish.  Diatoms were also important food items for O. niloticus. Macrophytes were also 
found in 100% of the guts of Barbus sp. We believe that the information generated in this 
study could be used as important in put for the wise management of the Koka reservoir 
fishery. 

 
Key words: Length-Weight Relationship, Fulton's Condition Factor, Diet Composition, 
Commercial Fish, Koka Reservoir 
 

Introduction 
 

The capture fisheries from natural waters serve as the major source of fish for the major 
markets in Ethiopia. The Rift Valley lakes as well as Lake Tana, contribute significant portion 
of the commercial fishery of the country (Reyntjens and Tesfaye Wudneh, 1998; FAO, 2003). In 
addition to the natural lakes, manmade reservoirs which are mainly built for hydropower 
generation also served as source of the capture fishery in the country. Koka Reservoir was built 
in the 1970s and over the past four decades there have been fish harvest using seine nets and 
gill nets by fishermen organized in associations. 
 
In Ethiopia, the number of newly constructed reservoirs and dams built has increased 
considerably in recent years. Among which Tekeze and Gilgel Gibe were built recently in 2005 
and 2008 respectively (Eskedar et al, 2009). Currently there are about five major reservoirs 
which are used as source of fish. Considering the country's huge potential of power generation, 
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more reservoirs will be built in the coming years. Thus, manmade reservoirs will contribute as 
important source of the capture fishery in the country.  
 
There are few studies conducted on the Ethiopian reservoirs as compared with the natural 
lakes. Melaku Mesfin et al., (1988) conducted comparative studies on the limnology of two 
Ethiopian reservoirs Koka and Fincha. The fishery of Koka reservoir depends on both 
indigenous and introduced fish stocked to enhance fish production. The most important fish 
contributing to the fishery include O niloticus, Clarias gariepinus, Barbus sp. and Cyprinus 
carpio. Scientific information on Length-Weight relationship, Fulton’s condition factor and the 
feeding habits of commercially important fish from major Ethiopian lakes have been 
documented by various investigators (E.g., Getachew Tefera, 1987, 1989, 1993, Getachew Tefera 
and Eyualem Abebe, 1992, Getachew Tefera et al., 2000; Zenebe Tadesse and Getachew Tefera 
1998; Zenebe Tadesse, 1997, 1999; Zenebe Tadesse et al., 2003). Similar studies focusing on the 
limnology of reservoirs in Ethiopia are comparatively scarce (Melaku Mesfin et al., 1988; 
Eskedar Tariku et al., 2009). 
 
Thus, the main objective of this study was to study some morophometric parameters aspects 
and feeding biology of major fish species, O. niloticus, C. gariepinus, Barbus sp. and C. carpio in 
Koka reservoir. Such information will give clue on the condition, feeding dynamics and 
resource partitioning of the natural food available in the reservoir. 
 

Materials and Methods 
 
Monthly fish samples were collected between November, 2006 and October, 2007 using hook - 
and – line (50m) and gill nets of stretched mesh sizes 3, 5,8,10 and 12cm. Nets were set in the 
afternoon (about 05:00 pm) and lifted the following morning (about 9: 00 am). In addition, fish 
caught by fishermen were also included in the samples. Immediately after collection, total 
length (TL) and total weight (TW) of each specimen were measured to the nearest 0.1 cm and 
1g, respectively. Each specimen was then dissected and its sex determined by inspecting the 
gonads. Stomachs with contents were preserved in 4% formaldehyde solution. As cyprinids do 
not have a true stomach, the whole gut was removed and preserved. Preserved samples were 
then transported to the NFALRC for further laboratory analysis. 
Length-weight relationships of C. gariepinus, O .niloticus, and C. carpio and Barbus spp. were 
calculated using least squares regression analysis as in Bagenal and Teach (1978) as follows: 
TW = a * Tl, 
Where, TW = Total weight in grams, 
TL = Total length in centimeters, 
At and b = intercept and slope of the regression line, respectively. 
The condition factor (well-being) of each fish was determined by computing Fulton condition 
factor as in Bagenal and Teach (1978). The condition factor of individual fish was calculated 
and then monthly mean values were determined for each sex separately. Fulton condition 
factor was calculated as: 

FCF = TW *100 
                    TL3 

Where, FCF = Fulton condition factor 
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TW = Total weight in grams  

TL = Total length in centimeters 
 

Preserved stomach and gut contents of the sampled fish were identified by eye, in case of larger 
food items, and small-sized food items were microscopically examined using a WILD type 
stereoscope (magnification 6X to 50X), and a compound microscope (100X to 400X). Each food 
item was identified to the lowest possible taxa using description, illustrations and keys in the 
literature (Prescott, 1970; Defaye, 1988; Komarek, 1989).  
 
The relative importance or contribution of each food item to the diet of the fish was 
determined using the frequency of occurrence (Windell and Bowen, 1978) and relative 
abundance methods. In frequency of occurrencethe number of stomach samples in which one 
or more of a given type of food item was found was expressed as a percentage of all non-empty 
stomachs examined. This was considered as the proportion of the population that feeds on that 
particular food item. In relative abundance method each food item is rated relative to the other 
items as rare sparse common and abundant. 

 
Results and Discussion 

 
A total of 304 (94 females, 137 males and 73 unidentified) specimens of O. niloticus, 364 (170 
females, 128 males and 66 unidentified) specimens of C. gariepinus, 904 (11 females, 24 males 
and 869 unidentified) specimens of Barbus sp. and585 (204 females, 295 males and 86 
unidentified) specimens of C. carpio were collected during the whole study period (Table 1). 
The composition of the fish catch by fishermen also indicates similarity with the results 
obtained in this study. However, the Cyprinid Barbus catch by the fishermen was extremely 
rare. This is because the spiny nature of the fillet makes it less acceptable in the market. As a 
result the fishermen tend to show less interest and throw them back to the water in most 
cases.   

 
Table 1. Total number of fish sampled during the study period between November, 2006 and 

October, 2007. 
Species Male Female Unidentified Total Sex Ratio (M;F) 

Barbus sp. 24 11 869 904 2.18:1 
C. gariepinus 128 170 66 364 0.75:1 

C. carpio 295 204 86 585 1.44:1 
O. niloticus 137 94 73 304 1.46:1 

Total 584 479 1094 2157         1.22:1 
 
The overall sex ratio was found to be significantly different from the expected 1:1 ration 
showing a preponderance of males over females (Table 1) in all species except in C. gariepinus. 
According to Demeke Admassu (1994) biased sex ratio in O. niloticus may be attributed to 
different factors such as sexual segregation during spawning, behavioural differences between 
the sexes, gear type and fishing site. In Barbus sp. the difficulty of identifying sexes resulted in 
large number of unidentified fish specimens. This in turn may contribute for the observed 
preponderance of males to females as well. The length weight relationships of the four fish 
species showed variations from allometery to nearly isometric growth indicating that the grow 
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rate varied among fish species in the reservoir. However, the b value for all species except for 
C. carpio was found to be close to isometric. This shows that there has been less or no pressure 
from the lake fishery. We also observed that the fish harvested by fishermen are mature and 
big fish reaching table size. The gill nets used are mostly 80 cm and above which is 
recommended for lakes like Koka. This is a healthy fishery observed rarely in most Rift Valley 
Lakes in Ethiopia. Uses of destructive and small meshed gill nets are still serious problem in 
the neighbouring Lakes Zeway and Langeno.  However, the relatively low b value (b=2.66) of C. 
carpio might be attributed to the exotic introduction of the fish into the reservoir. 

 
Figure 1. Length weight relationships of some commercially important fish in Koka reservoir 
(a. Barbus sp., b. C. gariepinus, C. C. carpio and d. O. niloticus) 
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Mean values of Fulton's condition factor (FCF) varied seasonally between month for O. 
niloticus and C. carpio (Table 2). Similarly, seasonal differences in the condition factor of O. 
niloticus have been reported for the same species from Lakes Langeno and Tana (Zenebe 
Tadesse, 1997; 1999). The overall mean FCF+ SE were found to be 1.33+0.0; 1.69 + 0.009, 1.9+ 
0.034 and 1.71+ 0.023, for Barbus spp., C. gariepinus, C. carpio and O. niloticusrespectively. 
Gashaw Tesfaye & Zenebe Tadesse (2008) also recently reported K values of 1.87 for O. niloticus 
from the same lake which is a bit higher than the value reported in the present study. 
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Table 2. Seasonal variations in the Fulton’s condition factor (FCF+ SE) of a). Oreochromis 
niloticus and b). Cyprinus carpio in Koka reservoir. 
 
a). Oreochromis niloticus 
Month Female n Male n 
October 1.75+0.04 13 1.82+0.05 14 
November 1.72+0.04 11 1.73+0.04 12 
December 2.03+0.04 13 1.9+0.03 38 
January -  - - 
February 2.06+0.04 45 2.04+0.04 46 
March 2.06+0.02 169 2.26+0.09 254 
April 3.01+0.22 74 3.21+0.18 112 
May 1.89+0.03 122 1.99+0.04 115 
June 2.05++0.07 92 1.97+0.02 119 
b). Cyprinus carpio 
October -  - - 
November -  - - 
December 1.75+0.02 6 1.75+0.04 23 
January -  - - 
February -  - - 
March -  - - 
April 1.52+0.21 75 2.36+0.24 112 
May 1.41+0.03 53 1.54+0.09 136 
June 2.05+0.07 92 1.97+0.02 119 
 
The list of major food items consumed by the three fish species is presented in Table 3.  
Phytoplankton, zooplankton, insects, macrophytes and fish were found to be important 
constituents of the fish diet. Among the phytoplankton species of the blue greens, diatoms and 
green algae were found to constitute the bulk of O. niloticus. The zooplankton such as rotifers, 
copepods and cladocerans were also included in the diet in some cases. This result agreed well 
with earlier reports which confirmed that O. niloticus feeds mainly on phytoplankton and 
detritus (Zenebe Tadesse, 1999). Insects and fish were also found to be important food in the 
stomachs of C. gariepinus whereas macrophytes constitute the bulk of Barbus gut. Similarly, 
Barbus spp and C. gariepinus were also reported to feed on a mixture of food items including 
benthic insects and fish (Demeke Admasu & Elias Dadebe, 1997, Elias Dadebo, 2000). 
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Table 3. Frequency of occurrence of food items and their relative abundance in the stomachs of 
C. gariepinus, Barbus spp and O. niloticus (a=abundant, c=common, s=sparse, r=rare). 

 
Food item  C. gariepinus Barbus spp O.niloticus 

Cyanobacteria     
 Microcystis                92c 100 c 100 c 
 Anabaena                23s 40 c 100 c 
 Anabaenopsis                54s 40 c 71.43 c 
Diatoms     
 Amphora                62c 60 r 42.86 c 
 Nitzschia 77a 40 a 57.14 a 
 Synedra                85a 60 c 42.86 a 
 Navicula                69a 60 c 42.86 a 
 Cymbella                69a 60 c 71.43 a 
 Melosira                54c 60 s 85.71 c 
 Fragillaria                54r 60 r 42.86 r 
 Frustulla                54a 60 a 42.86 a 
 Meridion                23r 40 r 28.57 r 
 Gomphonema                77a 80 a 85.71 a 
Green Algae     
 Cosmarium                46c 40 r 42.86 c 
 Pediastrum                62a 100 a 14.29 a 
 Scenedesmus                  8c 20 c 14.29 c 
Rotifera     
 Brachionus                31c 0 14.29 c 
 Keratella 8r 20 r 14.29 r 
 Flina                  8r 20 r 0 
Copepoda                 77a 20 c 42.86 a 
Cladocera                 85a 20 r 42.86 a 
Fish                   8r 0 0 
Insect     
 Micronecta                23c 0 14.29 r 
Macrophytes                 92a 100 a 28.57 a 
 
In conclusion, the length weight relationships of the studied fish were found to be nearly 
isometric except for C. carpio. Calculated mean values of Fulton's condition factor of the fish 
also varied between fish species and months. The food habit varied from herbivorous to 
mixivorous type indicating that the fish occupy different nitches and habitats in Koka 
reservoir. 
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Abstract 

 
The study was conducted in two distinct phases as on-station verification at Bako 
Agricultural Research Centrer (BARC) and on-farm demonstration at Dano Shenen and 
Gida Abu PAs of Dano district, West Shoa zone. For the on-station trial, teff straw was 
treated with urea-water solution made up of 4kg urea in 60 lit of water per100kg straw for 
the first treatment. The straw was properly packed and sealed in a silo for about a month 
for full fermentation. Twelve bulls of similar age and initial weight were selected and 
assigned to two treatment groups, treatment 1(T1) received treated teff straw and 3.0.kg 
concentrate/day, and treatment (T2) received untreated teff straw and the same amount of 
concentrate/day for a period of 90 days for the on station verification. Total gain (Tgain), 
average daily gain (Adg), gross and net returns were 47 kg±5.6, 0.53 +  0.062 kg, 1948.5 birr 
and 11138 birr, respectively, for T1, and 34.0 ± 5.6 kg, 0.38+ 0.062 kg, 1468.5 birr and 
779.2birr, respectively for T2, with a  MRR of 296.11%. For the on-farm demonstration, the 
same procedure was adhered for straw treatment and preparation, but all the bulls were 
provided with treated teff straw and the recommended level of concentrate. The body 
weight changes where converted from the linear body measurements developed for Horro 
cattle. Tgain, Adg, gross return and net return were 52.11 kg, 0.58 kg, 2447.25 birr and 
1829.25birr, respectively for Dano shenen, and 40kg, 0.6kg, 1666 birr and birr 1040, 
respectively, for Gida Abu. This finding proved the profitability of the technology and that 
it can be used by small scale farmers regardless of the current increase in the price of urea 
and concentrate.  

 
Keywords: Urea; Teff Straw; Partial Budget; On-Station Verification; On-Farm Demonstration  

 
Introduction 

 
Ethiopia possesses the largest ruminant livestock population in Africa with an estimated 
number of 47.5 million cattle, 26.12 million sheep, and 21.7 million goats (CSA, 2008). Generally 
the livestock resource of Ethiopia sustains and supports the livelihoods of an estimated 80% of 
the rural people (FAO, 2004). Due to lack of focus and investment, the livestock sub- sector is 
the poorly performing component of the agricultural sector. The reasons responsible to the 
very low performance of the livestock sector include inadequate feeds and nutrition, wide 
spread disease and poor health, poor breeding practice, inadequate livestock policies with 
respect to extension, marketing, credit and infrastructure (EEA, 2005). It is also argued that the 
current land tenure policy and the common property nature of the grazing land motivate 
people to keep livestock beyond the carrying capacity of the grazing lands, damaging pasture 
lands and contributing to low livestock productivity. Feed is the most important input in 
livestock production, and its adequate supply both quantity and quality throughout the year is 
an essential prerequisite for sustained livestock production (Mesfin et al., 2009). Crop residues 
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from cereals such as teff straw, millet straw, barley straw and maize stover form the basal diets 
of animals. However, these residues are inherently believed to have low CP, low digestibility, 
low intake and deficient in minerals. (Rihirahe, 2001) 
 
The demand for livestock products has increased due to human population and urbanization. 
This scenario offers an opportunity for resource-poor farmers to augment their income by 
timely and appropriate market targeting. This juncture triggers an urgent need for intervention 
with proven technologies to increase productivity, improve smallholder farm income and to 
meet the growing demand for livestock products. Of the numerous profitable technologies so 
far developed, demonstrated, and to some extent promoted by the livestock research division 
of Bako Agricultural Research Center (BARC), for the different agro ecologies of the Western 
region of Ethiopia are fattening, dairy and improved forages were the main. To counteract the 
current rise in feed cost and make use of high market demand for animal products, it is 
important to introduce and demonstrate environmentally sound and economically feasible 
backyard cattle fattening technologies like ‘crop residues urea treatment’. Researchers must 
think in terms of practical on-farm utilization of low cost protein sources like browse or urea 
(Fall et al., 1987).Protein sources such as oil seed cakes and those of animal origin are produced 
in limited quantity and seem to be beyond the economic reach of farmers. Therefore, efforts 
should be directed towards better utilization of available crop residues, and this approach may 
reduce feed cost and optimizes profit. Currently in Ethiopia export abattoirs are working at 
30% of their capacity due to supply problems (citation). The country is also facing a serious 
problem of food insecurity and it has failed to produce more in spite of various efforts being 
made. Urea treatment is reported to improve the nutritive value of cereal straws by increasing 
digestibility, palatability and crude protein content (Badve 1991; Chenost and Sansoucy 1991; 
Sharma et al 1995; Ranjhan 1999; Israel and Pearson 2000). Based on the current high market 
demand for animal products, particularly beef meat, this project was planned to conduct on 
station verification and on farm demonstration on teff straw- urea treatment technology at 
BARC and Dano district, respectively, of western Shewa zone. 
 

Material and Methods 
 
The study was conducted at two distinctive phases: on-station verification and on-farm 
demonstration. The on station verification was conducted at Bako agricultural research center 
and the on-farm demonstration was conducted in Dano district, West Shewa zone. 
 

Description of the Study Sites 
 
Location: The center is located 258km west of Addis Ababa at an altitude of 1650 m.a.s.l. It lies 
at about 09°6’N and 37°09’E.  Administratively, it is found in Gobu Sayo district, East Wollega 
Zone, Oromia, Ethiopia.  
 
Climate: The area has a hot and humid climate and receives a mean annual rainfall of about 
1220 mm, of which more than 80% falls in the months of May to September. Mean monthly 
minimum and maximum temperatures are about 14°C and 28°C, respectively with an average 
monthly temperature of 21°C. The mean daily minimum and maximum temperatures are 9.4°C 
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and 31.3°C, respectively. Potential evapotranspiration averages 60 mm per month (Abebe, 
1998). 
 
Soils and vegetation: The soil belongs to Alfisols series and it is clay in texture (Piccolo and 
Assefa, 1983), reddish brown in color with pH ranging from 5.3-6 (Dawit and Leggesse, 1987) 
and cation exchange capacity of 18.3 me/100g (Sahlemdhin and Ahmed, 1983). Total (Piccolo 
and Assefa, 1983) and available (Sahlemdhin and Ahmed, 1983) phosphorous content of the soil 
was estimated to be about 475 parts per million (ppm) and 2.2ppm, respectively. The 
vegetation cover of the area is woodland and open wood grassland type. The dominant pasture 
species include Hyperhenia (Hyperhenia anamasa) and Sporobolus (Sporobolus 
prraminmidalis) grasses and the legume Neonotonia (Ninotonia wighti) (Lemma et al., 1993 as 
cited by Solomon, 1994). 
 

Preparation of the Straw for on Station Verification 
 
Teff straw was procured from the nearby farmers and was transported to the center and was 
treated in the following procedure: teff straw was weighed and sparsely scattered on a large 
plastic sheet, divided into different batches of 100 kg. Four kilogram of urea was weighed, 
added to 60 litres of water and thoroughly stirred to form a homogenous solution free from 
any lump of urea. The solution was evenly sprinkled over the straw to ensure uniform contact 
of the straw with the urea-water solution. The straw prepared in such a manner was then 
transferred to the already prepared silo and then packed tightly to exclude air. After all the 
batches prepared and transferred to the silo were properly packed, the straw was sealed with 
polyethene plastic sheet and was covered with long leafy grasses. The leafy grasses, then, were 
covered with soil to make the sealing process complete. The buried straw was left to remain 
sealed in the pit for a month to allow full fermentation. 
 

Preparation of the Bulls for Verification of Urea Treated Teff Straw Based Fattening 
 
Up on full fermentation of the straw, 12 bulls of similar age and initial weight were selected 
from the herd maintained at BARC. The bulls were de-wormed and disinfected for internal and 
external parasites, respectively. The bulls were randomly assigned (six bulls per treatment) to 
two treatments (treatment 1 (T1) receiving urea-treated teff straw and recommended level of 
concentrate (3.0 kg /day) and, treatment 2 (T2) receiving untreated teff straw and the same 
amount of concentrate /head/day. The concentrate was composed of 49.5% ground maize, 
49.5% and 1% salt. 
 

Bulls’ Initial Price Estimation 
 
A panel of three individuals composed of local livestock dealers who have up to-date 
information about livestock market been organized, and each of them has given his own 
estimation separately and secretly. The mean of this estimation was taken as an initial price of 
the bulls. Two weeks of adaptation period was used to acquaint the animals with the feed 
materials which were strange to them. The bulls had free access to clean water two to three 
times a day. Feed intake data was recorded daily and weight data was taken fortnightly up to 
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the 90 days period, beginning from the commencement of the actual experiment. At the end of 
the 90 days fattening period, the same experienced individuals were called back and gave their 
estimation the same way they did for initial price estimation. The mean of this estimation was 
taken as a final or selling price of the bulls. 
 

On- Farm Demonstration 
 

Description of the Study Area 
 
This activity was conducted at Dano district of west Shewa zone. The district has an area of 
650.2 km2   and human population of 82522. The altitude ranges between 1400-2500 m.a.s.l. The 
annual rainfall is between 900-1400 mm and average annual temperature ranges from 18-300C. 
The area is characterized by mixed crop livestock production.  Dano district, from west Shoa 
zone was purposively selected and two PAs, Dano Shenen and Gida Abu from the district were 
purposively selected based on their potentiality and accessibility to catalyze our demonstration 
work. 
 

Farmer Selection and Training 
 
In collaboration with representatives from district livestock production, Health and Marketing 
Agency and Development Agents from the respective PAs, 13 farmers from Gida Abu and 17 
farmers from Danao Shenen PAs, totaling 30 were selected based on willingness to try out the 
technology. The criteria used to select farmer were having at least a bull to be fattened, having 
teff straw of his own, willingness to sustain the animals up the end of the fattening period and 
willingness to show the technology to other farmers. 
 
The selected farmers were then given a one day theoretical training at their respective PAs on 
issues like strategic bull fattening, importance of crop residues in livestock production, 
characteristics of crop residues and the advantage of treating them. 
 

Practical Training on Ensiling of Treated Teff Straw 
 
Immediately after teff harvest of the 2010 cropping season (December 2010), the practical 
version of the training was demonstrated on the fields of the selected farmers. Up on this 
session, a pit of 1meter by 2 meter by 1 meter, which has a capacity of accommodating 200kg of 
straw, was dug, and all of its linings were covered with long leafy grasses to avoid contact 
between the straw and the soil. All of the procedures followed during the on-station straw 
preparation and burial were adhered to during this session as well. After about a month of 
fermentation process in the pits, each participating farmer appeared with one bull and a pile 
straw. The bulls were deformed for internal parasites. Figure 1 showed the de-worming process.  
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Fig.1. Bull drenching at Gida Abu 

 
Bull Initial Weight and Condition Estimation 

 
As it is difficult to take body weight of the bulls on the farm, initial heart girth measurement 
was taken which would then be converted in to body weight using the conversion formula 
developed at BARC for adult Horro bulls:  
 
Y=85.2-2.519x + 0.02448x2 where: 
                                   Y= body weight and: 
                                   X= Heart girth 
 
Initial body condition score was also taken before the commencement of feeding the animals. 
Bull initial price estimation was done following the same technique used for the on-station 
price estimation. After these processes, the farmers were shown pit opening and careful 
withdrawal the daily required straw so as to avoid spoilage of the straw.  
 

Bull Initial Price Estimation 
 
A panel of three individuals composed of local livestock dealers who have up to-date 
information about livestock market was organized, and each of them has given his own 
estimation separately and secretly the same way it was done during the on-station verification. 
The mean of this estimation was taken as an initial price of the bulls. 
 

Feeding the Experimental Bulls 
 
Two weeks of adaptation period was used to acquaint the bulls with the feed materials. Up on 
the commencement the actual trial, the daily required teff straw was withdrawn from the pits 
and was left sparse for about a day to minimize the offending odour. The bulls, then, were 
supplemented with 3 kg of concentrate composed of 49.5% ground maize, 49.5% noug cake 
and 1% salt, and about 2.5 kg of treated teff straw for about half of the day and were allowed to 
partially graze around the backyard of farmers, separated from the herd. Heart girth 
measurement and body condition scoring were again taken in the middle of the fattening 
period and at the end of the 3rd month. At the end of the third month both price estimation 
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and actual selling price were taken for the sake of accuracy. As the animals belong to the same 
treatment, body weight parameters were calculated using simple mathematical calculations, 
and partial budget was used for economic analysis. 
 

Results and Discussion 
 

On Station Verification of Urea Treated Teff Straw Based Cattle Fattening 
 
The analysis of variance for weights at commencement, middle, final fattening times, and gains 
are is given in Table 1 for the on station urea treated teff straw based fattening. The amount of 
variation explained by the fitted model was improved when the initial weight was fitted as a 
covariate for all of the traits. Fitting the initial body weight enabled us to observe possible 
sources of variations other than the treatments were minimum. Least squares means for w1, 
w2, w3, Tgain and Adg are given in Table 2. The bulls fed on urea treated teff straw gained 
more weight (47 kg with a weight range of 42.1-53.3kg) compared to those fed on non-treated 
teff straw (34kg with a weight range of 28.4-39.6kg) which is statistically significant. The 
average daily gain for the two treatments is 0.53+0.062 kg and 0.38 +0.062kg for T1 and T2, 
respectively. For all the traits, biological advantages were (improvement in weights) seen for 
the animals fed on urea treated teff straw. For instance, the group receiving urea treated teff 
straw showed about 40% improvement both in Tgain and Adg compared to those consuming 
the untreated teff straw (Table 2).  This is probably due to the rumen micro organisms were 
beneficiaries from one of the non-protein nitrogen, urea, ended up in improving of Tgain and 
Adg.   
 
Table1. The amount of variation explained by the fitted model when initial weight was fitted as 
covariate under on station verification 
 

Weigh after 
different 
duration 

initial weight fitted as linear 
covariate 

initial weight not fitted as linear 
covariate 

R2 CV R2 CV 
w1 96.3 2.2 21 9.8 
w2 87.1 3.9 19.1 9.4 
w3 78.2 4.4 22.8 7.9 
Tgain 39.8 32.8 9.4 38.1 
Adg 39.8 32.8 9.4 38.1 
* Tgain= total gain, Adg = average daily gain, w1-w3=weights taken tree times every two weeks.   
 
Table 2. Least squares means of supplemented and non-supplemented group Horro bulls  
 non-supplemented Supplemented 
W1 259.3 ± 10.40 284.3 ± 8.40 
W4 275.3  ± 10.98 299.2± 10.98 
W7 291.5  ±  9.76 315.3 ± 9.76 
Tgain 34.0   ±  5.60 47.7 ±5.60 
Adg 0.38   ±  0.062 0.53 ±0.062 
* Tgain= total gain, Adg = average daily gain, w1-w3=weights taken tree times every two weeks.   
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On the other hand, the result from partial budget analysis revealed more net return from the 
bulls in treatment 1 (1138.15 Etb) than the bulls from treatment 2 (779.2 Etb). Put the other way, 
the result revealed that the bulls in treatment 1 have yielded a price advantage of Etb 358.8 (146 
%) over those in treatment 2. The marginal rate of return which is a tool for selecting between 
two alternative options/technologies is 296.11%.This return is about four times greater than the 
minimum acceptable rate of return which is known to be 100% for new technologies. This 
implied that an investment of an extra 1 Etb for the additional expenditure for inputs in 
treatment 1 has accrued about Etb 2.96 additional return after sparing the original 1 birr 
expense. Sensitivity analysis also reveals that even with an increase in TVC up to 29% , it can 
still be profitable resulting in MRR of 100.06% i.e., about 0.06% above the minimum required 
level. The partial budget analysis is shown in table 3.  
 
Table 3. Partial budget analysis for the two treatments at Bako Agricultural research center  
 
Input items  T1 T2 
Urea   97.65 0 
Teff straw                                   68.53 84.96 
 Maize                                        267.3 267.3 
Noug cake                                253.94 253.94 
Salt 8.10 8.1 
Labor    115 75 
Bull estimated initial price  1655.5 1716.83 
Bull  estimated final price   3604.17 3185.33 
TC V     810.52 689.3 
Gross Return                         1948.5 1468.5 
Net return                          1138 779.2 
* TC V= Total costs that vary 
 
Reports regarding urea treatment were available though scanty in our country. Perdok et al., 
1982), indicated that local cows fed urea treated rice straw ad-libitum plus 1.5 kg 
concentrate/day  had attained average daily gain of 99 g, while the cows in control group lost 8 
gram/day resulting in poor condition. The wide gap in average daily gain between their report 
and our current finding, however, had multi faceted grounds, thus making comparison 
between the two has no practical importance. Nutritional supplementation is one of the most 
determinants of body weight especially in the post partum cows (Sasser et al., 1988). The effect 
is partly due to the higher digestible energy provided through the treated straw over the 
untreated ones (Chenost and Kayouli, 1997). Mesfin et al., (2009), on the other hand reported a 
significant difference in milk yield between lactating cows supplemented with treated wheat 
straw plus concentrate and those treated traditionally in Holeta area. According to the authors, 
the supplemented group, in addition to supporting the calves, have yielded 110% higher milk 
yield than the traditionally treated ones. Similarly, a report by Perdok et al., (1982) revealed 
that local cows fed urea treated rice straw adlib plus 1.5 kg conc./day had a significantly higher 
milk yield (increased in daily milk yield by 1.0 kg/ cow) over the control group fed on un 
treated straw adlib plus the same amount of concentrate. This stage, which is the pre-requisite 
for our second phase of demonstration process has proved the profitability of the technology, 
and was just a spring board to embark on the on-farm demonstration. 
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On-Farm Demonstration 
 
As there were some farmers who have sold or changed their animals in the mean time, only 12 
bulls from Dano Shenen and 10 bulls from Gida Abu were used for the analysis. For Gida Abu, 
as the final weight and body condition scores are missing, apart from the total costs that vary 
(TCV), initial and selling prices for which we have full information, body weights and 
condition scores were considered only to see the trend. The total body weight gain, body 
condition score and ADG of the bulls at both sites is shown in table 4; bull initial and final 
price and partial budget analyses are depicted in table 5 and 6, respectively. 
 
 Table 4.Total weight gain, average daily gain and condition scores of the bulls at Gida Abu 
and     Dano Shenen 
 
 Dano Shenen Gida Abu 
Parameters  Initial Intermediate(kg) final(kg)   Initial Intermediate(kg)    final 
TWG _ 34.17 52.11    _         33.34 - 
ADG _ 0.48 0.58      _          0.6 - 
BCS 2.79** 3.54** 4.5kg**  2.85**           3.8** - 
* TWG=Total weight gain; ADG=Average daily gain; BCS=Body condition score 
 
The mean live body weights of the bulls at Dano shenen were 256.17, 274.08 and 308.25 kg for 
initial, weight in the middle of the fattenining period and final weight respectively. The average 
daily gain and the overall gain for the 90 days period were 0.58 kg and 52.11 kg, respectively, 
with the weight range of 0.33kg-79 kg. For the same site, the mean initial, intermediate and 
final body condition scores were 2.79, 3.54 and 4.5, respectively. For Gida Abu, 202.83kg and 
236.17kg were initial weight and intermediate weight, respectively. Initial and intermediate 
body conditions for the same site were 2.85 and 3.8, respectively. Average daily gain up to the 
middle of the fattening period for Gida Abu was 0.6kg. For Gida Abu final information for all of 
the parameters was missed as the bulls were sold before our arrival. Though there are cases 
where an increase in body weight does not necessarily result in increase in body condition, the 
current result revealed that the change in the live weight of the bulls from 256.17 to 308.25 kg 
was accompanied by an increase in body condition from 2.79 to 4.5., both parameters following 
an increasing trend. The companion of the two parameters is really instrumental in fetching 
good price on the markets. On the local markets like that of ours where price of animals mostly 
depends on their body condition than weight, improvement in body condition plays an 
influential role in price attraction. 
 
The result from the current study reveals also that the mean initial and final selling price of the 
bulls fattened at Dano shenen was Etb 2527.75 and 4975, respectively, with the mean gross 
return of Etb 2447.25. Deducting the total costs that vary (TCV) which amounts to Etb 618 
from the gross return, has accrued a net return of Etb 1829.25 for Dano shenen. This has a 
return advantage of Etb 654 (130%) over the bulls in treatment 1 of the on-station verification, 
and 235.65% price advantage over the bulls in treatment 2 of the on- station verification trial. 
For the Gidda Abu site, Etb 2834.00 and 4500.00 respectively, represent initial and final selling 
price with the mean gross return of Etb 1666.00. Deducting the total costs that vary from this 
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sum, the farmers from this site have earned an average net return of Etb1048 from the sale of 
their bulls. As compared to the on-station trial, this site on the other hand, has resulted in 
about 89.2% price loss compared to the bulls in treatment 1 of the on-station trial (-127.15Etb) 
and has yielded Etb.889.8 (159% ) price advantage over the bulls in treatment 2 of the on-
station verification trial. This information, however, has no practical application other than 
simple comparison, as the two trials were conducted in different years, different locations and 
different seasons of the year. Habtamu et.al., (2007) reported that grazing plus 
supplementation of  Horro oxen with 3kg concentrate/h/d gave high net benefit of Birr 841.02 
at Dano Shenen and 1357 at Gida Abu, respectively. As compared to his past report, the 
fattened bulls at the two sites in the current study have accrued more net benefit than that of 
the same sites in the past, regardless of the current additional expenditure for urea and the 
increased cost of concentrate. This, to some extent, justifies that bull fattening is still a 
profitable venture regardless of the current increase in animal feeds.  

 
Table 5.Bull initial and final prices at both of the fattening sites 
                              
                                                                      Dano shenen                                           Gida Abu 
  Bull estimated initial price              2527.75                      2834  
 Bull estimated Final price                                   4975                                               4500  
 Gross return                                                    2447.25            1666.00 
 
Table 6.Total variable cost, Gross and net returns at both sites 
Input* Dano shenen cost (Eth Birr) Gida Abu cost (Eth Birr) 
Maize 267.3 267.3 
Noug cake  253.9 253.9 
Salt  8.1 8.1 
Urea 86.4 86.4 
TCV 618 618 
Gross return  2447.25 1666 
Net return  1829.25 1048 

*TVC=total variable cost  
 
The difference in net return between the two sites is 931.48 Etb. This difference is partly 
attributable to higher initial price of the bulls at Gida Abu site accompanied by poorer 
management rendered to the bulls and the straw as compared to their counterparts. The other 
factor contributed to such a variation was differences in time of sale. Majority of the farmers at 
Gida Abu sold their bulls exactly during the annual holiday of Easter where fattened animals 
over flooded the local markets, which upset the harmony between demand and supply side, 
resulting in lower prices. The farmers from Dano Shenen, on the other hand, sold their animals 
after the holiday where the number of fattened animals is very few on local markets, resulting 
in a very loose competition, and higher price. This finding reminds producers to think critically 
and flexibly about when to market their animals to be on the safest side of the fluctuating 
price. Previous studies have been encouraging marketing the fattened animals exactly during 
holidays. This finding however has made us rethink about the appropriate time of selling to be 
beneficiaries from the expenditure. 
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Though we have used the Development Agents from both sites in farmer selection, and clearly 
told them our criteria at our very outset, in the middle of the trial we came to realize that more 
than 31% of the participants from Gida Abu were individuals with other main occupations 
other than agriculture, who use this sub-sector as an off /slack time activity and a side line 
business. Among them were rural drug vendors, carpenters and milling machine owners. 
Empirically we came to realize that these people were very reluctant and careless in managing 
their bulls and the pit as well. The selection of these individuals was merely based on the 
intimacy between the DAs and these individuals, and the social position these individuals 
assumed in the community.  As a consequence of this inappropriate/wrong selection, some of 
these individuals sold their bulls in the middle of the fattening period, with an intention of 
buying and fattening another bull with the remaining feed materials, others were found 
supplementing two bulls with ration allocated for one bull, others carelessly un covered the 
pits exposing the straw to direct wind, sunlight and rain that have spoiled their straws. Beyond 
any shadow of doubt, technology transfer is faster in kebeles with enthusiastic woreda experts 
and kebele DAs though practically such people are few in number.  

 
Conclusion 

 
From the current study it can be concluded that even  little intake of  urea treated teff straw  
accompanied by the recommended level of concentrate and partial grazing could practically 
improve live weight and body condition of the bulls, and it was proved to be economically 
profitable both under on-station and on-farm conditions. Reduced/low intake of the treated 
straw due to odd odour, however, had a bearing both on full potential weight gain of the 
animals and attitude of the farmers towards the technology. Future works, thus, should 
additionally focus on searching for ingredients that can improve the odd scent of the treated 
straw that is offensive to the animals.  
 
Quality of the straw used during treatment remarkably determines the quality of fermented 
straw obtained at the end, and at the same time has a bearing on intake. Thus, it is advisable to 
use fresh straw which is free from any kind of contamination including contact with rain. 
 
Empirical evidences tell us that, there is a mis-match between the potential harvest time of teff 
and the availability of urea, which is the major ingredient in straw treatment. Thus, depending 
on the expressed demand, fertilizer whole sellers or ”unions” distributing fertilizer should be 
consulted and consensus should be reached to avail fertilizers at the time of harvest as well to 
harmonize demand and supply side. 
 
On top of this, it is true that the current escalating price of urea could be a potential 
prohibitive factor, but as has been reflected by some farmers, as long as an encouraging price is 
accrued from the sale of better-fed animals, the incurred costs could be covered, and it remains 
a profitable venture to go for.  
 
Treating crop residues with urea practically improves the nitrogen content of these roughages. 
Similarly, noug cake, one of the major ingredients in concentrate formulation, is rich in 
nitrogen. Thus, future researches  better focus on what amount of treated straw can substitute 



Forage and Nutrition 2012 

 

 327 
 

noug cake in animals ration so that one can be used in the absence of the other /rather than 
using them simultaneously.   
 
Lessons learned from the current on-farm study warn us to be very cautious in farmer selection 
for such activities. People who have other major occupations other than farming are very 
reluctant in managing such activities, thus it’s better to exclude such people during farmer 
selection.  
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Abstract 

 
Five oats accretions (Var.CI8237, Var.Jassari, Var.CI8237, Var.C-712/CRCPx80Ab2252 and 
ILCA No.6710), and two vetch species (V. dayscarpa and V. atrupurpuria) were 
intercropped during the 2008 – 2010 cropping seasons at Bako Agricultural Research 
Center, western Ethiopia. The objectives were to identify compatible oat-vetch materials 
for intercropping and evaluate the advantage of intercropping of five oats accessions with 
two species of vetch under Bako agro-ecology.  The present study revealed that herbage dry 
matter yields of different oat accessions investigated did not vary significantly (p>0.05) 
when intercropped with either of the vetches used. The same result was observed when 
vetches were studied on the five oat accessions. The overall mean of oat herbage dry matter 
yield, oat plant height, vetch herbage dry matter yield and vetch plant height were 5.2 t/ha, 
90.1cm, 1.4 t/ha and 104 cm, respectively. Additionally, there were always yield advantages 
of oats-vetch intercropping using any of the combinations investigated since the values of 
the land equivalent ratio (LER) were greater than unity in all cases. However, as there were 
numerical variations of the LER, 50% Vicia atropurpuria + 50% Cv. Jassari, 50% Vicia 
dayscarpa + 50% CI8237, 50% Vicia atropurpuria + 50% CI8237 and 50% Vicia atropurpuria 
+ 50% C-712/CRCPx80Ab2252 can be used for intercropping. 

 
Keywords: Land Equivalent Ratio, Intercropping: Yield Advantage; Herbage Dry Matter; 

Western Ethiopia 
Introduction 

 
The mid-altitude western region of Ethiopia is characterized by a mixed crop and livestock 
farming system (Legesse et al, 1987). The ever-increasing human population has surpassed land 
carrying capacities resulting in environmental degradation and threatening the long-term 
sustainability of mixed crop-livestock production systems. And hence, ensuring stable 
performance in the productivity of animal agriculture at national level has become a great 
concern in our country. In attempts to meet the increasing food demands of larger 
populations, farmers are putting more land under food crop production and as a consequence 
grazing lands have diminished. This shift from grazing land to crop production has several 
implications for temporal and spatial feed resource availability and quality. Intensifying feed 
production through integrated feed production options, therefore, is one of the possible 
strategic way outs that could be exploited to ease this challenging scenario in our country.  
Establishment and development of grass-legume based mixed pasture is advantageous over the 
pure stands. Mixed cropping of cereals with forage legumes can improve both quantity and 
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quality of fodder over a pure cereal crop (Mpairwe et al. 2003). Some other benefits include 
high forage yield with better quality, an increase in land efficiency ratio, suppression of weeds, 
improvement of soil fertility, and hence reduced cost of production (Mureithi and Thorpe, 
1993). Studies indicated that a mixture of grass/legume pasture consistently increased the 
forage yield and its quality compared to the unfertilized sole grass pasture (Posler et al., 1993). 
Daniel (1990) also reported that feed availability and seasonal distribution from grass-legume 
mixtures were better than sole stands in his studies of Rhodes grass-Lucerne mixed pasture. At 
Bako agricultural Research Center (BARC), a number of improved forage materials were 
obtained from International Livestock Research Institute (ILRI) and their adaptability and 
productivity were tested among which accessions of oats and species of vetch were some. Out 
of the tested materials, about ten oat accessions were evaluated and top five were 
recommended; similarly out of many vetch genotypes, two were found to be very potential 
under Bako and similar agro ecology. However, compatible materials of oats-vetch for 
intercropping and their yield advantage while intercropping was not investigated.  Therefore, 
the objectives of this paper were to identify compatible oat-vetch genotypes for intercropping 
and evaluate the advantage of intercropping of different oats accessions with two species of 
vetch under Bako condition. 

 
Material and Methods 

 
Location 

 
The study was conducted at Bako Agricultural Research Center (BARC). The center is located 
258 km west of Addis Ababa at an altitude of 1650 meters above sea level (m.a.s.l). It lies at 
about 09°6’N and 37°09’E.  Administratively, it is found in Gobu Sayo district, east Wollega 
zone, Oromia, Ethiopia. The area has a hot and humid climate and receives a mean annual 
rainfall of about 1220 mm, of which more than 80% falls in the months of May to September. 
Mean monthly minimum and maximum temperatures are about 14°C and 28°C, respectively 
with an average monthly temperature of 21°C. The mean daily minimum and maximum 
temperatures are 9.4°C and 31.3°C, respectively. The mean monthly temperature and rainfall 
during the three cropping seasons are given in Table 1. Potential evapotranspiration averages 
60 mm per month (Abebe, 1998).  The soil belongs to Alfisols series and it is clay in texture 
(Piccolo and Assefa, 1983), reddish brown in color with pH ranging from 5.3-6 (Dawit and 
Leggesse, 1987) and cation exchange capacity of 18.3 me/100g (Sahlemdhin and Ahmed, 1983). 
Total (Piccolo and Assefa, 1983) and available (Sahlemdhin and Ahmed, 1983) phosphorous 
content of the soil was estimated to be about 475 parts per million (ppm) and 2.2ppm, 
respectively. 
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Table 1. Mean monthly temperature and rainfall during the study period in the study area 
 
 
Month  

Rainfall (mm) Temperature (0C) 
2008 2009 2010 2008 2009 2010 

May  280.6 9.2 299.0 20.8 21.7 21.2 
June  396.7 192.4 277.6 20.2 19.5 20.5 
July 289.1 278.3 228.5 19.2 19.0 19.8 
August 146.3 203.9 215.3 19.3 19.0 18.8 
September  167.2 101.1 153.9 21.3 18.6 18.8 
 

Description of Experiments and Treatments Evaluated 
 
Five oats accretions (Var.CI8237, Var.Jassari, Var.CI8237, Var.C-712/CRCPx80Ab2252 and ILCA 
No.6710), two vetch accessions (V. dayscarpa and V. dayscarpa) previously obtained from 
International Livestock Research Institute (ILRI) and maintained at BARC were used in the 
present study. The selection of materials was based on the yield performance data at BARC. 
The oats accessions were selected from the advanced screening experiment conducted 
employing ten accessions (unpublished data) and the vetch materials were picked from the 
result of preliminary investigations. The experiment was arranged in ten combinations which 
are depicted in the Table 2. Additionally, there was sole cropping of these materials to 
investigate the advantage of intercropping via calculation of land equivalent ratio. The 
experiment was conducted in a completely randomized block design in three replications for 
three consecutive cropping seasons (2008, 2009 and 2010).   
 
The agronomic practice followed while conducting the experiment: Seventy kilogram of oats 
and 30kg/ha of vetch were used as seed rate for sole cultivation. The plot size was 3m*2m=6m2. 
DAP was applied at 100k/ha rate to the plots at planting. The mode of plantation was 
broadcasting. The date of plantation was 20-June-2008, 7-Jul-2009 and 2-Jul-2010 for the first, 
second and third cropping seasons, respectively; the dates of harvesting were 14-Sep-2008, 30-
Sep-2009 and 15-Sep-2010 for the seasons, in respective order.    
 
Table 2. The combination of the materials used in this study 
  
S.N* Vetch Oat 
1 50% Vicia dayscarpa 50% Cv. Jassari 
2 50% Vicia dayscarpa 50% ILRI5518 
3 50% Vicia dayscarpa 50% CI8237 
4 50% Vicia dayscarpa 50% C-712/CRCPx80Ab2252 
5 50% Vicia dayscarpa 50% ILRI 6710 
6 50% Vicia atropurpuria 50% Cv. Jassari 
7 50% Vicia atropurpuria 50% ILRI5518 
8 50% Vicia atropurpuria 50% CI8237 
9 50% Vicia atropurpuria 50% C-712/CRCPx80Ab2252 
10 50% Vicia atropurpuria 50% ILRI 6710 
*=50% of the vetch seeds recommended for sole stand was used in this study 
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Data Collection 
 
The dependent variables generated and analyzed include oats herbage dry matter yield (t/ha) 
both under sole and intercrop, vetches herbage dry matter yield (t/ha) both under sole and 
intercrop, oats partial land equivalent ratio, vetches partial land equivalent ratio and the total 
land equivalent ratios of the intercrop. Primarily, the above ground biomass yield on dry 
matter basis (t/ha) was investigated both under sole and intercrop. Thereafter, partial and total 
land equivalent ratios were calculated for the oats and vetch intercropping.  
 
Fixed factors: Cropping seasons, cropping system, accessions and blocks were considered as 
categorical variables while fitting the modes.  
 
Data analysis: The analysis of variances and calculation of least squares means were made 
using SAS (2002) software.  
 

Calculation of Land Equivalent Ratio 
 
The land equivalent ratios (TLER) were calculated using the following formula: 
TLER = OLER + VLER; 
OLER = YOI/YOS and VLER = YVI/YVS (Mead and Willey, 1980).   
Where TLER=the total land equivalent ratio, OLER=partial land equivalent ratio of oats, VLER 
=partial land equivalent ratio of vetches, YOI=yield of oat from intercrop, YOS=yield of oat 
from sole, YVS=yield of vetch from intercrop, YVS=yield of vetch from sole. Calculations of the 
partial and total land equivalent ratios were performed within years and replications for the 
combination of oat and vetch. 

Results 
 
Least squares means of oat and vetch herbage dry matter yield and plant height for different 
cropping seasons were given in Table 3. Oats herbage dry matter yields and vetch plant height 
were significantly affected (p<0.05) by the different cropping seasons whereas the oat plant 
height and vetch herbage yields were not significantly (p>0.05) affected by the season of 
planting. The overall mean of oat herbage dry matter yield, oat plant height, vetch herbage dry 
matter yield and vetch plant height were 5.2 t/ha, 90.1cm, 1.4 t/ha and 104 cm, respectively. Oat 
and vetch herbage dry matter yields were maximum (6.3 and 3.1 t/ha), respectively during the 
2008 cropping season (Table 3). The oat herbage dry matter yield showed a declining trend 
with the advancement of the cropping seasons where as the vetch herbage yield was found to 
be better during the initial and final cropping seasons (Table 3).  
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Table 3. Least squares means of oat and vetch herbage dry matter yield in t/ha and height in 
centimetre for the different cropping seasons under Bako condition 
 
Cropping  
season  

Oat herbage dry matter 
yield 

Oat plant 
height¥ 

Vetch herbage 
dry matter 

yield¥ 

Vetch plant 
height 

Overall mean  5.2±2.02 90.1±13.36 1.4±1.23 104±19.10 
2008 6.3±0.31a 92.4±2.03 3.1±0.23 119.5±3.58a 
2009 5.5±0.31ab 91.9±2.03 0.9±0.23 98.6±3.58b 
2010 4.9±0.31b 88.2±2.03 1.2±0.23 83.8±3.58c 
¥=least squares means are not significantly different; least squares means with different letters 
are significantly different.  
 
Least squares means of oat herbage dry matter yield and oat plant height are given in Table 4 
for the different accessions of oats. The oat plant height was significantly different (p<0.05) for 
the different accessions of oats whereas the oats herbage did not show significant variability 
(p>0.05) for different accessions of oats. Though there was not significant variability among 
different oats accessions for oats herbage yield, accession number C-712/CRCPx80Ab2252, ILRI 
6710 and CI8237 can be top ranked (Table 4). In similar fashion, the vetch herbage yield and 
vetch plant height were presented in Table 5 for the two species of the vetch used in the study. 
Both the yield parameters of the vetch were not significantly affected (p<0.05) by the different 
species of the vetch. The vetch herbage yield and plant height were 1.8 & 1.7, and 100 & 101 for 
vetch Vicia dayscarpa and Vicia atropurpuria, respectively (Table 5).  
 
Table 4. Least squares means of oat herbage yield in ton/ha and height in centimetre for the 
different oats accessions under Bako condition. 
 
Oat accessions  Oats plant height Oat herbage yield¥ 
Cv. Jassari 88.6±2.73a 5.2±0.4 
ILRI5518 83.5±2.73ac 4.8±0.4 
CI8237 94.2±2.73ad 5.5±0.4 
C-712/CRCPx80Ab2252 91.7±2.73ade 6.2±0.4 
ILRI 6710 96.4±2.73bd 5.6±0.4 
¥=least squares means are not significantly different; least squares means with different letters 
are significantly different. 
 
Table 5. Least squares means of vetch herbage yield in ton/ha and height in centimetre for the 
different vetch species under Bako condition. 
 
Vetch accessions Vetch herbage yield¥ Vetch plant height¥ 
Vicia dayscarpa 1.8±0.22 100.0±3.49 
Vicia atropurpuria 1.7±0.22 101.2±3.49 
¥=least squares means were not significantly different 
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Least squares means vetch herbage dry matter yield and plant height under different cropping 
systems of the two vetch species are given in Table 6. Cultivating the two vetch materials either 
in mixed form or pure stand had no significant impact (p<0.05) on any of the vetch yield 
parameters investigated. However, this does not mean that there were no numerical 
differences. As can be seen from Table 6, the values of vetch herbage dry matter yield were 
always superior when the vetch were cultivated in pure stands compared to mixed cultivation.   
Least squares means of oats herbage dry matter yield and height by different cropping system 
of the five accessions of are given in Table 7. Alike vetch, the impact of cropping system and 
oats accessions was not significant (p<0.05) on oat herbage dry matter yield and plant height. 
It is also apparent that mono cropping of any of the oats accession resulted in better oats 
herbage dry yield compared to intercropping the oats accessions with either of the vetch 
species (Table 7).  
 

Table 6. Least squares means of vetch herbage yield in ton/ha and height in centimetre for the 
different vetch species and cropping systems under Bako condition. 

 
Treatments Vetch herbage dry 

matter yield¥ 
Vetch plant height¥ 

Vetch accessions  Cropping systems  
Mono culture  Vicia dayscarpa 2.5±0.41 96.1±6.37 
Intercrop  Vicia dayscarpa 1.1±0.18 103.9±2.88 
Mono culture  Vicia atropurpuria 2.1±0.41 94.2±6.36 
Intercrop  Vicia atropurpuria 1.3±0.18 108.3±2.84 
¥=least squares means were not significantly different 
 
Table 7. Least squares means of oat herbage yield in t/ha and height in centimetre for the 
different oat accessions and cropping systems under Bako condition 
 
Material by cropping system  Oat herbage 

yield¥ 
Oat plant 
height¥ Cropping system  Oat accessions 

Mono culture Cv. Jassari 6.0±0.67 91.1±4.45 
Mono culture ILRI5518 5.7±0.67 86.4±4.45 
Mono culture CI8237 6.2±0.67 95.2±4.45 
Mono culture C-712/CRCPx80Ab2252 7.3±0.67 93.0±4.45 
Mono culture ILRI 6710 6.9±0.67 100.0±4.45 
Intercrop Cv. Jassari 4.4±0.48   86.1±3.14 
Intercrop ILRI5518 3.9±0.47   80.5±3.14 
Intercrop CI8237 4.8±0.47   93.1±3.14 
Intercrop C-712/CRCPx80Ab2252 5.2±0.47   90.4±3.14 
Intercrop ILRI 6710 4.9±0.47   92.7±3.14 
¥=least squares means were not significantly different 
 
Least squares means of OLER, VLER and LER for the different combinations of oats and vetch 
materials are given in Table 8. The combination of the materials, treatments, had no significant 
effect (P>0.05) on the OLER, VLER and LER. The overall mean of OLER, VLER and LER were 
0.8, 0.5 and 1.4, respectively (Table 8). The overall LER, being greater than unity indicated that 
intercropping the two materials have yield advantage. In general, intercropping of oat vetch 
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had about 40% land use and yield advantage compared to the cultivating the two materials in 
pure stand to get the same amount of yield.  
 
Table 8. Least squares means of partial land equivalent ratio of oat ad vetch and total land 
equivalent ratio from oat vetch intercropping under Bako condition 
 
Treatment combinations  OLER VLER LER 
Overall mean  0.8±0.41 0.5±0.30 1.4±0.9 
Vicia dayscarpa Cv. Jassari 0.7±0.14 0.5±0.25 1.2±0.29 
Vicia dayscarpa ILRI5518 0.8±0.14 0.4±0.25 1.2±0.29 
Vicia dayscarpa CI8237 0.8±0.14 0.6±0.25 1.4±0.29 
Vicia dayscarpa C-712/CRCPx80Ab2252 1.0±0.14 0.3±0.25 1.2±0.29 
Vicia dayscarpa ILRI 6710 0.8±0.14 0.3±0.25 1.1±0.29 
Vicia atropurpuria Cv. Jassari 0.8±0.14 1.2±0.25 1.9±0.29 
Vicia atropurpuria ILRI5518 0.6±0.14 0.6±0.25 1.2±0.29 
Vicia atropurpuria CI8237 0.8±0.14 0.6±0.25 1.4±0.29 
Vicia atropurpuria C-712/CRCPx80Ab2252 0.9±0.14 0.5±0.25 1.4±0.29 
Vicia atropurpuria ILRI 6710 0.9±0.14 0.3±0.25 1.2±0.29 

 
Discussions 

 
From the present study variability in oat and vetch yield and yield components was observed 
for the different cropping seasons. The variability could be attributed to the variation in the 
rainfall, temperature and relative humidity during the three cropping seasons (Table 1). From 
studies conducted elsewhere, it was reported that the impact of cropping season on dry matter 
yields of oats and vetch were statistically significant (Tuna and Adnan, 2007) in line with the 
current study. Regarding the height of oats, the significant variability for the different oats 
accessions could be the inherent differences or the genetic makeup of the materials. On the 
other hand the highest and lowest plant of oat height of 129 cm and 118.2 cm, respectively were 
obtained from mixture of 25% vetch + 75 % oat (Tuna and Adnan, 2007). Same authors also 
reported that the highest and lowest plant of vetch height of 129 cm and 118.2 cm, respectively 
were obtained from mixture of 25% vetch + 75 % oat. These results were not in agreement with 
the present finding probably due to the difference of the oats and vetch materials used location 
of the study.  

 
The reason for superiority of the herbage yield dry matter yield under sole production 
compared to the mixed cropping could be absence of competition for the growth resources 
under mono cropping compared to the intercropping and high plant population density as the 
result of differences in the base seed proportions between sole and intercropping. Apart from 
our finding research conducted elsewhere showed that oat, when intercropped with pulse 
produced greater dry matter yield compared to intercropping with barley (Ross et al., 2004). 
Erol et al., (2009) reported dry matter yield of 6.07t/h and 3.3t/ha of oat from pure stand and 
mixture of 45% oats and 55% vetch, respectively. Same authors reported 4.14 t/ha and 2.4 t/ha 
vetch from pure stand and mixture of 45% oats and 55% vetch.  
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The oat yields both under intercrop and mono culture are comparable with our finding while 
the values for vetch were considerably low in our report which could be the location or study 
area difference.  
 
Above unity land equivalent ratio from mixtures is not uncommon, alike our finding, and 
could be because of more efficient light utilization (Brougham, 1958) and transfer of 
symbiotically fixed nitrogen grasses (Ledgard, 1991). Cabbelero et al., (1995) reported that 
mixtures of common vetch with oat produced 34% more forage yield than common vetch 
alone. Mixed cropping of cereals with forage legumes can improve both quantity and quality of 
fodder over a pure cereal crop (Mpairwe et al. 2003).  
 

Conclusion 
 
Our study revealed that herbage dry matter yield of different oat accessions investigated did 
not vary significantly when intercropped with either of the vetches used. The same result was 
observed when vetches were studied on the five oat accessions. Additionally, there were always 
yield advantages of oats-vetch intercropping using any of the combinations investigated. 
However, since there were numerical variations of the LER, 50% Vicia atropurpuria + 50% Cv. 
Jassari, 50% Vicia dayscarpa + 50% CI8237, 50% Vicia atropurpuria + 50% CI8237 and 50% Vicia 
atropurpuria + 50% C-712/CRCPx80Ab2252  can be be used for intercropping.  
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Abstract 
 

The research was undertaken at Sekota district which is located in north-eastern Ethiopia 
between 120 23' and 130 16' north longitudes and 380 44' and 390 21' east latitudes, with the 
objective of identifying the major indigenous browse species in the area and characterizing 
their current local utilization scenario for further consideration in filling the feed gap 
existed in the area.  In effect, a semi structured questionnaire was prepared and different 
PRA tools like group discussion and pairwise ranking was utilized. Accordingly, it was 
possible to identify 51 indigenous fodder trees and shrubs from 25 different families which 
are known to be utilized as a livestock feed. The different parts of the species browsed by 
animals are reported to be leaves, leaves and twigs, flowers and pods. Local ways of 
utilization reported by the local farmers were browsing, utilization of deciduous parts by 
animals, lopping, and cut and carry. Moreover the phenology in terms of foliage 
availability; abundance and distribution of the indigenous fodder trees and shrubs were 
found to vary across the different peasant administrations of the district. The niches 
reported for the browse species were grazing land, crop land, home compound and 
boundary for crop land. Fifteen most important browse species were identified based on 
the number of respondents and from these, using pairwise ranking method, farmers could 
identify the top ten browse species which are more preferred by goats. The potential foliage 
biomass yield of the top ten prioritized species was found to vary between 27.34kg dry 
matter in Grewiavilosa and 1208.67kg dry matter in Oleo Africana.  
 

Keywords: Indigenous, Feed Gap, Browse Species, Fodder Trees and Shrubs and Local Utilization 
 

Introduction 
 

Despite its significant contribution to societies residing in the crop-livestock mixed farming 
system, livestock production and productivity in Ethiopia has been stagnating due to a range of 
constraints. Feed shortage, especially during the dry period is one of the most prominent 
bottlenecks of the sector. In this regard, the area along the Abay gorge and north eastern part 
of the highlands of Ethiopia seems a bit severe. The area is characterized by undulating terrain 
with highly weathered soils; seasonal intense rains and low vegetation cover. At present a 
considerable portion of the region is affected by soil degradation. It is estimated that around 
37% of the region is identified as not suitable for crop production due to limiting soil depth 
(Teshome, 1995). 
 
Among the north-eastern parts of the region, feed scarcity in Sekota district, where the most 
drought prone areas of the region lies, seems to be more severe than the other parts due to the 
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highly undulating terrains with the very expanding land degradation that make the region 
marginal for crop production. In spite of these, crop-livestock production system where, the 
livestock production is highly dominated by goat rearing is the prevailing farming system of 
the area. 
 
The Ethiopian government welfare monitoring survey report revealed that significant 
proportion of the human population in Waghimira nationalities administration zone, where 
Sekota district belongs to, depends on relief for subsistence of life (MEDaC, 1999). As such 
supplementary feeding to animals is either very costly or unavailable. Thus it is unaffordable 
for most farmers in the area to give their animals supplementary feed. This demand for a 
search of low cost and alternative feeds for the poor farmers of the area to supplement their 
animals in the dry season and improve the overall livestock productivity.  
 
Indigenous fodder trees and shrubs (IFTSs), which can fit with the existing farming system and 
are well adapted with the environment and with the economic realities of farmers, are best 
candidates to fill the feed gap. IFTSs have been used for generations as a multipurpose resource 
in the area. However, due to limited input of agricultural research in the area, technologies 
pertaining to the utilization and propagation of IFTSs have been scarce. Thus it is crucial to 
ameliorate the severe feed shortage of the area through efficient utilization of IFTSs by 
supporting the indigenous feed utilization knowledge of the local farmers with scientific 
research outputs. The aim of this paper is to investigate the major IFTSs in the area, their 
current ways of utilization and their potential foliage production which will serve as a launch 
pad for future propagation and efficient utilization. 

 
Material and Methods 

 
Description of the Study Area 

 
The area is located between 120 23' and 130 16' north longitudes and 380 44' and 390 21' east 
latitudes (Adefress et al., 2000 and CSAE, 2005). The altitude varies from 1340 – 2200 meters 
above sea level while annual rainfall ranges between 350 – 700mm, falling mainly from July to 
September. The pattern and distribution of the rainfall is erratic and uneven. Average 
temperature ranges from 16 – 270C (ZAD, 1995).  
 

Site Selection and Method of Sampling 
 
Sekota District is organized in to 34 peasant administrations (PA).From these PAs, nine PAs 
were purposively selected sample sites for questionnaire survey based on livestock potential, 
abundance of IFTSs and accessibility for data collection. From the PAs selected, 10 farmers 
from each were purposively selected based on their experience in livestock rearing and IFTSs 
utilization to conduct data collection through different participatory rural appraisal (PRA) 
tools. 
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Identification of Indigenous Fodder Trees and Shrubs and their Utilization 
 
At the outset a Semi-structured questionnaire was prepared and a survey was conducted on the 
90 purposively selected farmers from the different purposively selected PAs. Pairwise ranking 
was utilized to identify the top ten species in their preferences by goats (the major livestock 
species in the area) as perceived by the local farmers. Moreover, a group discussion was held 
with a group of farmers who were selected based on their better performance in animal 
farming to complement the questionnaire survey. Among the identified species, those which 
had not been scientifically characterized before, were collected, pressed, labelled, dried and 
transported to the National Herbarium of Addis Ababa University for proper identification and 
nomenclature. 
 

Prediction of Potential Foliage Biomass Yield 
 
Prediction of potential foliage biomass yield was conducted once based on the equation 
developed by Petmak (1983). Using measuring tape the circumference of the trunk or stem of 
the browse species was measured. Fifteen circumference measurements for each browse 
species was taken from three randomly selected PAs and the diameter was calculated by using 
the following equations: 
 
D = 0.636C;     Where D = diameter and C = circumference 
 
The potential fodder yield of trees was then estimated by entering the diameter value in the 
equation given below: 
 
Log W = 2.24 log DT – 1.50 Where; W = leaf yield in kilograms of dry weight, and DT = trunk 
diameter (cm) at 130 cm height. 
 
For the fodder yield of shrub the allometric equation is: 
  
Log W = 2.62 log DS – 2.45, where; DS = the stem diameter (cm) at 30 cm height. 
 
For shrub with many primary branches, the stem diameter is the total diameter of the stem of 
all the primary branches. 
 

Statistical Analysis 
 
Descriptive statistics was used to analyze the data from the questionnaire survey using SPSS 
software (SPSS, 2003). On top of that General linear Model procedure was used to analyze the 
potential foliage biomass yield of browse species using Statistical analysis system (SAS, 2002). 
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Results and Discussion 
 

Major Feed Resources and the Importance of IFTSs in Sekota District 
 
The feed resources which have been reported by the respondent farmers are, natural pasture, 
crop residue, hay, fodder trees and shrubs and crop aftermath. And yet their relative 
contribution is limited, household wastes and local breweries by products are also among the 
feed resources reported. Most of the farmers (>85%) reported that the main feed resources 
both in the dry and wet season of the area are natural pasture and fodder trees and shrubs. 
This report is in line with earlier reports wherein the three feed resources were reported to be 
so (Adefress. et al, 2000 and Muluken, 2005).  
 
Industrial by-products as feed resources have not been reported by any of the respondents. 
This could be due to the fact that the bulk of the population in the area depends on relief for 
subsistence of life (MEDaC, 1999), and probably also due to the costly nature of industrial by-
products feeding. Moreover, limited access of market for value added a livestock product 
which in turn is a result of the remoteness of the area from main roads could be the other 
reason. 
 
The contribution of the major feed resources for the overall feed supply of the livestock 
population also varies. From the ranking of the feed resources by the local farmers, it was 
found that natural pasture is the first in its contribution for the year round feed supply 
followed by crop residue and fodder trees and shrubs (Table1). This is in line with earlier report 
of the farming system research of the Woreda wherein the same order of importance was 
reported for the aforesaid feed resources (Adefriset al., 2000). The contribution of the natural 
pasture was reported to be by far more than the other resources. This could be due to the 
limited proportion of the area’s land (14.2%) which has been used as crop land which in turn is 
due to the fact that the physiography of the Woreda is marked by undulated terrains (ibid). 
 
Table 1.Number of respondent farmers ranking the feed resources of Sekota Woreda based on 
their importance as feed for their animals 
 
Feed resources Ranks Overall Rank 

1st 2nd 3rd 4th 5th Index 
Natural Pasture 53 18 8 4 1 0.28 1 
Crop Residue 24 41 14 5 1 0.26 2 
Hay 3 8 17 35 24 0.15 4 
Fodder trees 7 18 39 13 11 0.2 3 
Crop aftermath 2 4 11 25 41 0.11 5 
Total 89 89 89 82 78   
*Index= sum of (5 x number of respondents ranked first + 4 x number of respondents ranked second + 3 
x number of respondents ranked third + 2 x number of respondents ranked fourth + 1x number of 
respondents ranked five ) for each resources divided by sum of (5 x total number of household ranked 
first + 4 x total number of household ranked second + 3 x total number of household ranked third + 2 x 
total number of household ranked fourth + 1 x total number of household ranked fifth) for all the 
reasons mentioned. 
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Indigenous fodder Trees and Shrubs in Sekota District 
 
Farmers in the nine PAs of the District identified and prioritized the major indigenous fodder 
trees and shrubs in the area. Totally, farmers could identify 52 species of indigenous fodder 
trees and shrubs from 25 different families. The 22 most frequently reported species are 
presented on table 2. The rest, which are reported only by less than ten respondents are 
presented on the Appendix. 
 
The similarities of the floristic composition of the browse species reported by individual 
farmers in each specific PA revealed that indigenous knowledge of the local people has 
invaluable importance in identification of IFTSs. Studies have even shown that surveys of 
farmers generate more important information on the diversity of plants species in their area 
than field observations (Bayer, 1990 and Okoliet al., 2003). Similar procedure has also been 
utilized as a Launch pad for nutritional qualities characterization of IFTSs in Ethiopia (Kindu, 
2001; Teferi, 2006 and Samson, 2010). 
 
Table 2.Major indigenous fodder tree and shrub species identified in Sekota District 
 
Species Family Vernacular Names 

Local name Amharic name* 
Acacia albida Fabaceae Girfata/Garda Girar 
Acacia asak Fabaceae Tsalwa Sebansa 
Acacia brevispica Fabaceae Gorgoro Kentefa 

Acacia lahi Mimosoideae Sibkana Cheba 
Acacia sieberiana Fabaceae Bula sirewa ** 
Acacia tortilis Mimosoideae Abika Dewenigrar 
Balanitesaegyptica Balanitaceae Goza ** 
Bosciasalicifolia Capparidaceae Shisha ** 
Carissa edulis Apocyanaceae Agam Agam 
Combretum spp. Combretaceae Fatika ** 
Cordia Africana Boraginaceae Wanza Wanza 
Dodoneaangustifolia Sapindaceae Kitkita Kitkita 
EucleaSchimperi Ebenaceae Dedeho Dedeho 
Ficusglumosa Moraceae Tilus ** 
FicusSycomorus Moraceae Bamba Bamba, Shola 
Ficusvasta Moraceae Warka/Diruna Warka 
Grewiavillosa Tiliaceae Mata Lenquata 
Maytenussenegalensis Celeastraceae kokoba Gogoba,qoqoba 
OleaAfricana Oleaceae Weyira Weyira 
Rhus vulgaris Anacardiaceae Talo Yeregnakolo 
Terminaliabrownie Combretaceae Hikima ** 
Ziziphusspina-christi Rhamnaceae Giba/Kurkura ** 

* Source for Amharic names: Azenebekele (1993) 
**Those species whose Amharic names were not found in Azenebekele (1993) 
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Distribution and Abundance of Indigenous Fodder Trees and Shrubs 
 
As presented in Table 3 the distribution of fodder tree and shrub species was reported to vary 
across the different peasant administrations in the District. 
 
Table3. Distribution of Indigenous Fodder Trees and Shrubs (IFTSs) across the different 
Peasant Administrations (PAs) of Sekota District 
 

IFTS 
Peasant Administrations* 
PA1 PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA9 

Acacia albida - - - - + - + + - 
Acacia asak + + + - - - - - - 
Acacia bervispica + + + + + + - + - 
Acacia lahi + + + + + + + + + 
Acacia siebriana - - - - - + - - - 
Acacia tortilis + + + + + + + + + 
Balanitesaegyptica + + + - + - - - - 
Bosciaangustifolia + + + - - - - - - 
Carissa edulis + + + + + + + + + 
Combretum spp. - + + + - + + + - 
Cordiaafricana + - + + + - - - - 
Dodoneaangustifolia + + - + - + + + + 
EucleaSchimperi + + - + - + + + + 
Ficusglumosa - - + - - - - - - 
FicusSycomorus - - + + + + + + + 
Ficusvasta - - - + + + + + + 
Grewiavilosa + + + - - - - - - 
Maytenussenegalensis - - - + - + + + + 
OleaAfricana - + - + + + + + + 
Rhus vulgaris + + + + + + + + + 
Terminaliabrownii + + + + - - + - + 
Ziziphusspina-christi + + + + + - + + + 
*PA1 =Tsemera, PA2 = Sirel, PA3 = Debrebirihan PA4= Dabil Maryam PA5= Hamusit, PA6= 
Tiya, PA7= Weleh PA8= Sayida, PA9= Meskelekirstos; + = available, - = not available 
 
Only Acacia lahai, Acacia tortilis, Carissa edulis and Rhus vulgaris were reported to be available 
across all PAs. The rest all species have limited availability in only some of the PAs. Such 
distribution of browse species is attributed to both abiotic (elevation, soil texture, climate, 
water, etc.) (Pomeroy and Wiegert 1981 and Gough et al. 2000) and biotic factors like 
interspecific competition, herbivory, and shading (Vince and Snow 1984; Bertness and Ellison 
1987; Bertness 1991 and Booth and Larson, 1999). 
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Table 4. Relative abundance of IFTSs in the different PAs of Sekota District 
 
IFTS Peasant Administrations* 

PA1 PA2 PA3 PA4 PA5 PA6 PA7 PA8 PA9 
Acacia albida - 50 - - 5 - 20 28 5 
Acacia asak 96 33 105 - - - - - - 
Acacia bervispica 5 1 3 25 10 5 - 24 - 
Acacia lahi 45 4 36 92 84 91 92 119 79 
Acacia siebriana 18 9 1 14 1 15 23 24  
Acacia tortilis 34 24 54 75 71 72 80 54 5 
Balanitesaegyptica 6 1 79 - - - - - - 
Bosciaangustifolia 17 16 19 - - - 1 - - 
Carissa edulis 2 12 1 13 43 25 25 39 37 
Combretum spp. - 33 5 27 41 22 28 54 - 
Cordiaafricana 9 - 4 - 7 1 12 24 19 
Dodoneaangustifolia 3 13  7 38 24 32 73 59 
EucleaSchimperi 5 83 12 40 31 74 67 95 58 
Ficusglumosa - - 20 - - 2 - - - 
FicusSycomorus - - - - 17 37 11 41 6 
Ficusvasta - - 8 7 6 5 5 12 35 
Grewiavilosa 70 21 48 - - - - - - 
Maytenussenegalensis - - - 39 17 20 25 53 20 
Oleaafricana - 1 - 46 18 27 37 - 18 
Rhus vulgaris 18 68 19 57 35 60 59 106 54 
Terminaliabrownii 63 33 81 40 6 2 16 1 5 
Ziziphusspina-christi 78 44 59 2 - - 22 9 21 

 
*The numbers of respondents scoring each species on each PA were ten. If in a particular PA a 
farmer ranked the species first, it received a score which is equivalent with the number of 
species reported in that PA (n), if ranked second then n-1, third, n-2 and so on. Finally the total 
score will be put by summation of each respondent’s score. - = those species not reported in 
that specific PA 
 
In addition to their dissimilar distribution pattern, abundance of IFTSs also varies in the 
different PAs. As depicted in table 4, Acacia lahiis the most abundant browse species while 
Ficusglumosais the least. The long-term average distribution of relative abundance may reflect 
a dynamic equilibrium based on niche specialization of the component species (Crawley, 1997). 
 

Indigenous Fodder Trees and Shrubs Utilization and their Niche in Sekota District 
 
Ways of utilizing the browse species reported by the local farmers were browsing, utilization of 
deciduous parts by animals, lopping, and cut and carry.  Cut and carry was reported to be 
utilized in especial cases like when animals are diseased and or loose high body weight during 
parturition and kept around home compounds to recover. This, according to farmers, is partly 
due to the prohibition of tree cutting by the local authority. None of the respondents reported 
utilization of browse species by collecting, drying, and preserving IFTSs leave before they shade 
for the most critical feed scarcity periods. Similar utilization mechanisms were also reported by 
Teferi (2006) and Samson (2010). The plant parts consumed by animals are reported to be 
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leaves, leaves and twigs, fruits or pods, and flowers. Leaves and twigs of all the IFTSs are 
reported to be consumed by the majority of the respondents (>50%). In the consumption of 
other plant parts, there is a wide variation among the indigenous fodder trees and shrubs. 
 
The niches of browse species, which is defined as the set of environmental variables that 
determine the geographic distribution of that species (Pulliam, 2000 and Holt, 2003) was also 
reported to vary for the IFTSs studied. The particular niches of the IFTSs identified were crop 
land, home compounds, boundary of crop fields, and grazing lands. The variation in the niches 
of browse species might be explained by the determination of the fundamental niches of plants 
by abiotic factors (e.g. nutrient content, Soil and water pH, redox, dissolved Oxygen) and 
biotic factors (e.g. competition) (Crawley, 1997; Pulliam, 2000 and Holt, 2003).  
 
Table 5. Percent of respondent farmers on parts consumed, ways of utilization and niches of  
Indigenous fodder trees and shrubs  

 

IFTSs 
Parts Consumed Ways of Utilization Niches 
L LT P/F F B L CC D G C HC Br 

Acacia albida 100 58 67 83 77 77 23 85 77 92 15 31 
Acacia asak 100 72 96 80 100 85 37 70 100 59 48 41 
Acacia bervispica 100 66 79 50 100 21 14 36 93 43 0 7 
Acacia lahi 100 74 89 79 100 71 31 68 99 75 67 65 
Acacia siebriana 94 61 89 83 95 68 32 59 100 48 38 52 
Acacia tortilis 98 70 100 66 94 74 32 84 97 65 60 58 
Balanitesaegyptica 100 100 100 86 87 80 40 87 100 80 67 60 
Bosciaangustifolia 100 54 77 69 69 75 31 63 94 65 41 35 
Carissa edulis 100 81 89 83 100 61 47 44 94 31 14 28 
Combretum spp. 100 69 42 56 87 71 32 47 95 39 26 21 
Cordiaafricana 100 90 52 81 50 70 55 60 75 50 50 20 
Dodoneaangustifolia 98 73 68 66 100 19 26 35 98 19 14 30 
EucleaSchimperi 94 51 82 53 98 12 2 42 100 69 67 62 
Ficusglumosa 100 50 100 25 100 33 0 67 100 25 0 25 
FicusSycomorus 92 66 95 71 49 54 34 83 95 7 15 12 
Ficusvasta 96 61 100 64 33 48 19 85 85 19 37 4 
Grewiavilosa 100 68 86 77 100 48 16 40 100 32 12 16 
Maytenussenegalensis 97 69 83 97 100 56 41 32 97 50 35 47 

Oleaafricana 100 80 35 50 88 74 65 56 95 48 43 33 
Rhus vulgaris 98 69 84 66 100 48 29 40 98 52 48 46 
Terminaliabrownii 97 74 79 76 90 81 45 69 100 45 19 21 
Ziziphusspina-christi 100 76 93 76 93 86 37 74 88 88 49 60 
L= leafs, LT = leafs and twigs, P/F = pods or fruits, F = flower, B = browsing, L = lopping, CC = 
cut and carry, D = deciduous, G = grazing area, C = crop land, HC = home compound, Br = 
boundary of crop land     
 

Seasonal Conditions of Indigenous Fodder Trees and Shrubs (IFTSs) in Terms of 
Foliage Availability 

 
Foliage availability throughout the year was found to vary among the IFTSs. Except the 
evergreen species, IFTSs in Sekota District was reported to start shading their leaves in January 
and they again rejuvenate when the rainy season comes (July). 
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Table 6.Seasonal conditions of Indigenous Fodder Trees and Shrubs (IFTSs) in terms foliage 
availability across a year in Sekota District 
 
IFTSs Jan Feb Mar App May  J Jul Au Sept Oct Nov Dec 

Acacia albida + - - - - - + + + + + + 
Acacia asak + + - - - - + + + + + + 
Acacia bervispica + + - - - - + + + + + + 
Acacia lahi + - - - - - + + + + + + 
Acacia siebriana + - - - - - + + + + + + 
Acacia tortilis + + - - - - + + + + + + 
Balanitesaegyptica + + + + + + + + + + + + 
Bosciaangustifolia + + + + + - - - - - + + 
Carissa edulis + + + + + + + + + + + + 
Combretum spp. + + + + + + + + + + + + 
Cordiaafricana + + + + + + + + + + + + 
Dodoneaangustifolia + + + + + + + + + + + + 
EucleaSchimperi + + + + + + + + + + + + 
Ficusglumosa + + + + + + + + + + + + 
FicusSycomorus + + + + + + + + + + + + 
Ficusvasta + + - - - - + + + + + + 
Grewiavilosa + + - - - - + + + + + + 
Maytenussenegalensis + + + + + + + + + + + + 
Oleaafricana + + + + + + + + + + + + 
Rhus vulgaris + + + + + + + + + + + + 
Terminaliabrownii + - - - - - + + + + + + 
Ziziphusspina-christi + + + + + + + + + + + + 
*Combretum species with local name Ablua, **Combretum species with local name Awiliba; + 
= available during the specified month; - = not available during the specified month. 
 
While all of the plants were reported to shade their leaves during the dry season, 
Bosciasalicifolia’s case was found to be different that it rather starts shading its leaves when the 
rainy season starts (June/July). On top of this the foliage availability periods of the species were 
also found to vary between six and twelve months. The shortest foliage availability period was 
reported for Grewiaferruginea while the longest period was for that of the evergreen species. 
The variable phenology of IFTSs depends primarily on the intrinsic factors of the species and 
the climatic conditions of the area (Grouzis&Sicot, 1980).  Moreover Jolly and Running (2004) 
and Badecket al., (2004) attributed the phenophases to climatic and environmental conditions 
(rainfall, atmospheric conditions, subsoil water availability or supply, soil moisture etc. and 
biotic factors (e.g. root system). On the other hand Sun et al., (1996) and Root et al., (2005) 
reported other factors like anthropogenic activities such as pruning practices of herders to 
influence the phenophases strongly.  
 

Multiple Uses of Fodder Trees and Shrubs in Sekota District 
 
In addition to their importance as a livestock feed, indigenous fodder trees and shrubs were 
also reported to have multiple uses. These include fuel wood, construction, traditional 
medicine, farm utility, edible fruits, bee forage and smoking. Comparable results were also 
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reported in earlier works in the same area (Berhane and Agajie, 2006 and Kindu, 2001) and in 
other areas of Ethiopia (Teferi, 2006 and Samson, 2010).  
 
Table 7. Multiple uses of IFTSs as depicted by the percentage of respondents (n=90) 
 

IFTSs Fuel 
wood 

Construc
tion 

Traditional 
Medicine 

Farm 
utility 

Edible 
Fruit 

Bee 
forage 

Smoki
ng* 

Acacia albida 92 83 0 83 25 83 0 
Acacia asak 100 92 0 100 35 100 15 
Acacia bervispica 79 43 7 21 29 64 0 
Acacia lahai 96 71 28 76 27 96 16 
Acacia siebriana 90 33 0 86 33 90 5 
Acacia tortilis 97 77 7 97 30 98 5 
Balaniteaegyptica 100 93 7 87 87 100 20 
Bociaangustifolia 88 88 50 94 31 75 0 
Carisaedulis 100 46 14 16 86 97 3 
Combretumspp 97 74 0 77 23 71 49 
Cordia Africana 100 95 14 77 77 100 5 
Dodoniaangustifolia 98 86 14 64 29 86 33 
EuceaSchimperi 98 71 31 44 35 75 2 
Ficusglumosa 75 75 0 0 75 50 0 
FicusSycomorus 82 85 3 26 95 49 5 
Ficusvasta 92 100 0 12 88 62 4 
Grewiavilosa 96 71 0 63 83 92 4 
Maytenussenegalens
is 103 25 47 41 41 81 3 

Olea Africana 100 95 24 100 22 78 73 
Rhus vulgaris 98 54 10 68 63 79 2 
Stereospermumkunt
hianum 100 50 50 50 0 50 0 

Terminalia brownie 100 93 18 98 28 93 78 
Zizipusspina-christi 100 93 17 98 95 98 2 
*Refers to farmers utilization of the plants for smoking milking equipment, beehives and other 
house equipment and their houses 
 

Rank of IFTSs in their Preference by Goats as Perceived by Local Farmers 
 
Among the IFTSs identified in the area, fifteen species were selected using the number of 
respondents (frequency) reporting a particular species as an indicator of the degree of 
familiarity of the species as a livestock feed. Among these fifteen IFTSs species farmers could 
prioritize the ten most preferred species by goats. According to the result obtained from the 
pairwise ranking procedure of these fifteen browse species (table 8) Grewiavilosa is the most 
preferred species while EucleaSchimperiis the least. 
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Table 8.Pairwise ranking of major IFTSs by indigenous peoples 
 
№ IFTSs 1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Score Rank 

1 A.lahai x 1 3 1 5 1 1 1 1 1 1 1 13 1 15 10 5 

2 R.vulgaris  x 3 2 5 2 2 8 2 10 2 2 13 2 15 7 8 

3 A.tortilis   x 3 5 3 3 3 3 3 3 3 3 3 15 12 3 

4 E. Schimperi    x 5 6 7 8 9 10 11 12 13 14 15 0 15 

5 Z.spina-christi     x 5 5 5 5 5 5 5 5 5 15 13 2 

6 D.angustifolia      x 7 8 6 10 11 6 13 6 15 4 11 

7 O.Africana       x 8 7 10 11 7 13 7 15 5 10 

8 T.brownii        x 8 8 8 8 13 8 15 9 6 

9 F.Sycomorus         x 10 11 9 13 9 15 3 12 

10 C.spp          x 10 10 13 10 15 8 7 

11 C.edulis           x 11 13 11 15 6 9 

12 M.senegalensis            x 13 12 15 2 13 

13 A.asak             x 13 15 11 4 

14 F.vasta              x 15 1 14 

15 G.vilosa               x 14 1 

*The numbers on the first raw represents the same type of IFTSs presented on the first raw in 
their similar order 
 

Potential Foliage Biomass Yield of IFTSs 
 
The potential biomass yield of IFTSs which is the amount of foliage biomass available through 
defoliation was determined by Petmak model (1983) and showed highly significant (p<0.001) 
variation among the top ten IFTSs identified. The maximum value (1208.67Kg/Plant) was found 
in O. Africana while the smallest was in G.vilosa (27.34Kg/Plant).  
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Table 9. Potential foliage yield of IFTSs in Sekota District (N=15) 
 
IFTSs Habit Trunk 

Circumference 
(CM) 

Trunk 
Diameter 
(CM) 

Potential yield 
(DM) Kg/Plant 

Transformed* 
values 

Acacia asak Shrub 95.71 60.87 168.01 5.12g** 
Acacia lahi Tree 76.46 48.63 523.90 6.26d 
Rhus vulgaris Shrub 77.21 49.11 95.74 4.56i 
Acacia tortilis Tree 68.62 43.64 411.12 6.02e 
Grewiavilosa Shrub 47.86 30.44 27.34 3.31j 
Zizipusspina-
christi 

Shrub 107.53 68.39 227.95 5.43f 

Carisaedulis Tree 41.06 26.11 130.13 4.87h 
Olia Africana Tree 111.07 70.64 1208.67 7.10a 
Terminaliabrownii Tree 79.52 50.57 571.94 6.35c 
Combretumspp Tree 92.04 58.53744 793.68 6.68b 
Max. - 111.07 70.64 1208.67 7.1 
Min. - 41.06 26.11 27.34 3.31 
SEM - - - - 0.0024 
CV% - - - - O.88 
*Logarithmic transformation of the potential yield to make it fulfil the violated homogeneity of 
variance and normality assumptions, **abc means in a column with different superscripts are 
significantly different (P < 0.05) 
 
The potential biomass yield values reported here are within the ranges reported by Teferi 
(2006) while they are a bit lower than the values reported by Samson (2010). The variation in 
foliage yield among species might be attributed to many environmental factors such as 
climatic, edaphic and topographic conditions and management background involving 
exploitation by animals, lopping and burning forested areas (Dicko and Sikena, 1992). 
 

Conclusion 
 
The finding of this investigation has shown that the IFTSs in Sekota district are well diversified 
with respect to their abundance, distribution, phenology, Niche, potential biomass yield, 
nutritional values and in their multiple uses. It was possible to identify 51 indigenous fodder 
trees and shrubs from 25 different families which are known to be utilized as a livestock feed. 
The different parts of the species browsed by animals are reported to be leaves, leaves and 
twigs, flowers and pods. Local ways of utilization reported by the local farmers were browsing, 
utilization of deciduous parts by animals, lopping, and cut and carry. Their species diversity is 
an opportunity for future selection and propagation in the process to fill the feed gap in the 
area. Their variability in niche specialization and phenology in terms of foliage availability has 
also an important implication in their year round utilization. 
 
Finally it the top ten browse species in terms of their preference by goats were identified and 
their potential foliage biomass yield was varied between 27.34kg DM in Grewiavilosa and 
1208.67kg DM in Olea Africana. 
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Appendix 
 
Appendix Table IFTSs reported by less than ten respondents in Sekota district 
 
Species Family Local name Amharic Name* 
Acacia mellifera Fabaceae Gimerna  
Acacia nilotica Mimosoideae Sibkana Cheba 
Adansoniadigitata Bombacaceae Firtata Bamba 
Bosciasalicifolia Capparidaceae Tisha - 
Buddleia polystachya Loganiaceae Anfar Anfar, Atquar 
Capparismicrantha Capparidaceae Gimero - 
Capparistomentosa Capparidaceae Egula Gumero 
Cassia didymobotrya Caesalipinioideae Bubusha - 
Cassia singueana Caesalipinioideae Busha - 
Combratumadenogonium Combretaceae Alqosa - 
Combretumspp Combretaceae Ablua - 
Combretummolle Combretaceae Awliba Agalo, Avalo, Bagur 
Commiphorahabessinica Burseraceae Equa/Anqua Anqua 
Cordiamonica Boraginaceae Mirla Wanza 
Croton macrostachyus Euphorbiaceae Bisana Bisana 
Diospyrosmespiliformis Ebenaceae Sulina Ayeh 
Entadopsisabyssinica Fabaceae Kentafa Kentefa, Kontir 
Grewia bicolor Tiliaceae Sefa Sefa, Somaya, Teye 
Grewiaferruginea Tiliaceae Lenkuate Alenqoza, Lenkoata 
Grewiamollis Tiliaceae Betremusie - 
Grewiaspp Tiliaceae Abina - 
Ormocarpumtricocarpum Fabaceae Limurna - 
Podocarpusfalcatus Podocarpaceae Zigzag Zigzag 
Rhusnatalensis Anacardiaceae Akutelba Chakema, Takuma 
Sterculiasetigera Sterculiaceae Guchina - 
stereospermumkunthianum Bignoniaceae Erizna/Arezana Arezana 
Strychnoshenningsii Loganiaceae Merez - 
Syzygiumguineense Myrtacea shinet/dokma Dokma 
Tecleanobilis Rutaceae Tikurenchet Atesa, Sni 
*Source for Amharic name: AzeneBekele (1993), - = those species whose Amharic name was not 

found in AzeneBekele (1993) 
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Abstract 

 
Dairy value chain was analyzed combining, analytical and participatory tools to identify 
and prioritize constraints and to come up with strategic interventions in Wolayita zone, 
Ethiopia. Information at zone, woreda, and kebele and actors level was collected through 
discussions and individual expert contacts. In addition, group and focus group discussions 
were conducted with representatives of value chain actors. Rapid market appraisal 
technique was used with butter traders at four major market centers. Random samples of 
398 dairy farmers, 198 consumers, 79 butter traders, and 53 hotels/restaurants were 
surveyed. Analytical tools including descriptive statistics, total gross marketing margin and 
farmer’s gross marketing margin were used. Dairy farmers were found  producing mean 
milk yield of 8 litres per day, out  of which 27.8% was used for  home consumption, 58.2% 
used to sale to market outlets and 26.6% used for value addition. About 27.9%, 22.1%, 9.4% 
of the milk produced per day was sold to consumers, hotels/restaurants and cooperatives, 
respectively. Hotels/restaurants purchased on average 52.6 litres of milk per day with 
average price of 5.5 birr  per liter and sold with average price of birr 5.9 per liter. Traders 
purchased on average 53kg of butter per day with average purchase price of birr 54.49 per 
kg and average sale price of birr 59 per kg. Consumers purchased milk and butter with 
average price of birr 4.9 and 53.63 birr per liter and per kg respectively. Shortage of feed, 
low cattle productivity and genetics, inadequate extension services, inadequate 
institutional support and veterinary services were major constraints. Fodder trees and 
mixed tree legume protein banks, efficient breeds selection that  adapt  to the 
environment, appropriate technical and institutional support and capacity improvement 
are important steps to improve smallholder dairy value chain. Increased dairy product 
availability at affordable prices and promotional activities are necessary to increase 
consumption levels.  

 
Keywords: Farmers’ Portion, Gross Marketing Margin, Market Outlets, Value Addition, Value 
Chain  

Introduction 
 
Dairy value chain in Wolayita Zone involves four major value adding activities: production, 
processing, marketing and consumption. Currently, these activities are not coordinated to 
create competitiveness and efficiency. Existing scenario indicates that dairy value chain actors 
do not get opportunities to talk with each other about issues affecting the entire value chain. 
As a result, information asymmetry in markets is pervasive and farmers may not be able to co-
evolve with changing market conditions. There is a fear that with this type of operations come 
risk of increasing poverty to the entire value chain. This is because modern markets which give 
due emphasis to quality and safety are believed to replace traditional markets and reduce 
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market outlets for smallholder dairy farmers. It is therefore advisable to analyze dairy value 
chain to identify and prioritize constraints and come up with upgrading strategies.  
 
Value chain can be analyzed through mapping value chain which describes the full set of 
activities required to bring a product or service from conception, through the different phases 
of production (involving a combination of physical transformation and the input of various 
producer services), and delivery to final consumers (Kaplinsky and Morris, 2001). It enables to 
highlight constraints that control the chain and to clarify the possibilities for change. It 
incorporates product transformation and value addition at each stage of the chain. It has 
common objectives such as poverty alleviation, employment creation, food security, 
agricultural and rural development and economic growth (Vermeulen et al., 2008). Specifically, 
it enables smallholder dairy farmers to adapt complex set of interacting and diverse factors 
through capacity building, increasing social capital by strengthening entrepreneur skills, 
improving access to market information, improving contract and building trustworthy 
relationships. Its advantages to consumers are increased locally produced dairy products which 
are traded fairly. Wholesalers, retailers, cooperatives and hotels/restaurants access high tech 
trekking and tracing technologies to ensure quality and safety. Therefore, ensuring the 
resilience of smallholder dairy value chain to rapidly changing markets is a key policy issues. 
These all require constructive engagement and effective partnerships between value chain 
actors that require a joint learning among actors.  
 
Value chain analysis has a long tradition in industrial production, organizational and global 
export commodities but its application in international development and agriculture has 
gained popularity only in the last decade (Rich et al., 2008). In Ethiopia value chain analysis 
was conducted for export commodities such as coffee, hides and skin and sesame. Even though 
there is a set forward global derives influencing markets worldwide for these commodities, 
factors at the domestic level have a significant influences. Consequently, the nature and pace 
of change vary between different countries or even different regions. Therefore, analysis of 
value chain for commodities such as dairy is paramount importance to meet demand through 
improving competitiveness and efficiency. Furthermore, media attention and lobbying groups 
are bringing issues of health to consumers’ attention and governments are looking for 
sustainable models for rural development to bring widest benefits to the society. Therefore, 
this study analyzes smallholder dairy value chain to identify and prioritize constraints and 
come up with strategies for leveraged intervention in Wolayita zone, Ethiopia. 
 

Methodology 
 
Value chain analysis combines both analytical and participatory tools. It is a descriptive 
construct providing a heuristic framework for the generation of data. It is also analytical 
structure to gain insights into the organization, operation and performance of the chain 
(Koplinsky and Morris, 2001). Information available at the zone, woreda and kebele levels was 
collected through discussions and individual expert contact with respective heads of 
agriculture and rural development, livestock extension and agricultural marketing offices. Four 
woredas, Damote Gale, Offa, Bolosso Sore and Sodo Zuria and Wolayita Sodo town were 
identified. Within these woredas and the town, 33 kebeles were identified based on their dairy 
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production and consumption potential. About 9 kebeles from Wolayita Sodo town, 9 kebeles 
from Sodo Zuria, 6 kebeles from Bolosso Sore, 8 kebeles from Damote Gale and one kebele from 
Ofa were selected proportionally on the basis of population size. Information on production, 
processing, marketing and management opportunities and constraints of livestock was 
gathered through discussions with heads and staff of Wolayita cattle breeding and 
multiplication centre and Wolayita veterinary service centre. Discussion on dairy production, 
processing, marketing and consumption opportunities and constraints were done with acting 
head of Wolayita Agricultural Technical Education and Vocational Training College. 
Discussions were done with respective owners of emerging dairy enterprises such as milking 
cow development at Wolayita Sodo, improved milk packaging at Areka and milking cow 
development at Boditi.  
 
Three group discussions (containing 20 members) and three focus group discussions 
(containing 12 members) were conducted with representatives from dairy value chain actors. 
Rapid market appraisal technique was conducted with butter traders at four major market 
centers. A pilot survey was carried on a group of randomly selected value chain actors to check 
suitability of questionnaire to socioeconomic and cultural setups. Semi-structured 
questionnaire were prepared and conducted through trained enumerators to randomly 
sampled 398 dairy farmers, 198 consumers, 79 butter traders, 53 hotels/restaurants. Secondary 
data at zone and woredas were collected from Agricultural and Rural Development and 
Agricultural Marketing offices. 
 
Data analysis employed descriptive statistics such as percentage and mean comparison. 
Because precise costs are frequently difficult to determine in many agricultural marketing 
chains for the reasons that costs are often cash and imputed, the Total Gross Marketing Margin 
(TGMM) was calculated (Scott, 1995). It is expressed as a percentage (Mendoza, 1991).  
 

TGMM  = iceendbuyerpr
rpricefirstselleiceendbuyerpr  X 100                    (1) 

 
It is useful to introduce the idea of ‘farmer’s participation’, ‘farmer’s portion’, or ‘farmer’s Gross 
Marketing Margin (GMMP) which is the portion of the price paid by the consumer that goes to 
the farmer. The farmer’s margin is calculated as  
 

GMMP = iceendbuyerpr
intingmgrossmarkeiceendbuyerpr arg X 100                   (2) 

 
Value Chain Analysis 

Chain Actors, Functions and Relationships 
 
In today’s complex and highly interconnected dairy production, innovation, competitiveness, 
efficient operation and change require different actors to work together (Anandajayasekeram 
and Berhanu, 2009). To enhance opportunities for value chain actors, we need to understand 
the main value chain actors affecting the entire value chain. In the course of analysis, we 



Ethiopian Society of Animal Production 2012 

 

360  
 

looked at the basic components of value chain such as functions, information flows and actors. 
With these components, milk and value added milk products pass through different channels 
before it reaches the end users. The major actors in milk and value added products are input 
suppliers, producers, milk processing cooperatives, hotels, traders (wholesalers and retailers), 
and consumers. Based on the functions, potential value chain actors were identified; their 
roles, functions, value adding processes, marketing and relationship were sorted out (Figure 1).    
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

 
 

Figure 1. The basic dairy value chain mapping: functions 
 

Source: Author’s collection 
 

Input suppliers: value chain function starts from inputs use to produce milk and value added 
products. Inputs such as AI (semen and bulls), veterinary services, and improved forage and 
pasture seeds, and credit services, value addition technologies, among others have been 
obtained from many sources. Major actors that support through supplying inputs include 
CONCERN Ethiopia, World Vision, Interaid, Wolayita Cattle breeding and Multiplication 
Center, Wolayita Veterinary Service Center, Areka Agricultural Research Center, Wolayita 
Agricultural Technical and Vocational Training College, cooperative offices and Wolayita Sodo 
University. Nongovernmental organizations provide improved forage and pasture seeds, 
demonstrate dairy technologies and trainings. Wolayita Cattle breeding and Multiplication 
Center provide AI services. Areka Agricultural Research Center supports in forage seed 
development, technical and information services. However, limited capacity of value chain 
actors in supplying inputs and high demand from Southern Regional Government for 
crossbred cow were among the challenges. Development of the centre capacity, importation of 
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improved cow and provision of credit service to invest in dairy value chain is options to 
overcome actors’ constraints.   
 
Production: the largest share of milk and value added products are produced by smallholder 
dairy farmers (64%). In addition, dairy products are produced by specialized dairy producers 
(landless dairy farmers with none or 0.25ha grazing land) (34%), and farmers who rely heavily 
on livestock production (2%). There are a few emerging dairy enterprises such as milking cow 
development at Wolayita Sodo, improved milk packaging at Areka and milking cow developing 
at Boditi.  
 
Processing: is the act of converting milk into milk products such as butter, cottage cheese, 
ghee, skimmed milk, among others. Dairy farmers are the main actors who process milk into 
value added products which they either consume or sale to chain actors. Besides to farmers, 
milk processing cooperatives process milk into butter, cottage cheese and skimmed milk. Most 
of the processing function in the value chain is carried out by traditional technologies made 
from clay soil. There are no actors who provide improved processing and packaging 
technologies to ensure safe and quality products to the consumers. 
 
Trading/marketing: milk and value added products are traded products of the study area. 
Milk and cottage cheese are traded within the zone whereas butter trading crosses the zonal 
boundary. It is traded in Addis Ababa, Hawassa, Shashamane, Nazeret, among other towns. 
There are specialized traders engaged in the transaction of butter. Butter is collected at local 
markets by farmer traders and then passed onto wholesaler who in turn sell to zonal 
consumers, retailers or transport to other towns. Retailers in turn sell to zonal level consumers. 
 
Consumption: dairy products are consumed by the people of the zone or transported to other 
parts of the country and be consumed by others. They are either taken alone or taken with 
other food stuffs. Children are prioritized in consumption allocation of milk followed by 
husband in the study area. Since butter and cottage cheese are taken with other food stuffs, 
they are not prioritized among household members.    
 
Policy environment: includes policy regards quality and standard assurance, good 
environment for chain actors to work together for common benefits. It is observed that chain 
actors do not get many opportunities to talk with each other about issues affecting the entire 
value chain. Moreover, there is no public or private body to assure quality and standards of 
dairy products in the course of production, processing, marketing and consumption. In 
general, there is no formulated policy regarding dairy product marketing, processing, and 
quality assurance at the national as well as at the zonal level.   

 
Dairy Products Marketing Channels 

 
Dairy products market channels connect producers, cooperatives, traders (wholesalers and 
retailers), and hotels/restaurants to consumers as shown in Figure 2. The starting point in the 
dairy products market channels is the producers. The final users of the products are the 
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consumers (within the zone and outside of the zonal boundary). Dairy products are then 
channelled either to cooperatives, hotels/restaurants, traders and then to consumers.  

 
Figure 2. Dairy products marketing channels of Wolayita zone 

 
Channel 1-Prodcuers             cooperatives consumers 
Channel 2-Producers hotel/restaurant            consumers 
Channel 3-Producers             trader               wholesaler            consumers 
Channel 4-Producers                trader           wholesaler              retailer              consumers 
Channel 5- Producers             trader              consumers 
Channel 6- Producers           consumers 
 

Asset Ownership and Inputs of Dairy Farmers 
 
Eighty nine percent of farmers owned corrugated iron sheet roofed houses. About 99.2% of 
farmers shared the same house with cattle. Seventy two percent of farmers had animal cart, 
ploughing tools such as Mofer, Kenber, Maresha, etc. Out of 312 hectares of land owned by 
farmers, 40% was allocated for forage and grazing land indicating devotion of land to animal 
feed development (Table 1). Only seven percent of farmers rented in and out land with average 
cost of birr 2,400per hectare. Thirty percent of farmers shared in and out land. Majority of 
rented and shared in and out land were allocated for crop production.  
 
Table 1. Land utilization pattern of households 
 
Land utilization (ha) Owned Shared in Rented in Shared out Rented out 

Cultivated land  171.44 (0.5) 30.13 (0.5) 5.25(0.5) 4.88(0.25) 0.67 
Forage land  60.45(0.25) 1 (0.5) 1.5 4.38(0.25) - 
Grazing land  65.34(0.25) - - - - 
Fallow land  11(0.25) 3.75 (0.25) 1.63(0.25) - - 

Others  3.43(0.25) - - - - 
Total  land  311.65 34.88 8.39 9.26 0.67 

Source: Survey data, summer 2010.Numbers in parenthesis indicate the mean landholding   
 
Dairy farmers used inputs such as labor, feeds and pasture, veterinary and AI services to 
produce dairy products. Size of livestock utilization is summarized in Table 2. Even though 
livestock ownership varied with socioeconomic status, farmers owned a significant portion of 
cows but fewer crossbred cows. The mean ownership of cows and milking cows was 2.4 and 1.6 
Tropical Livestock unit (TLU), respectively. Dairy herds are not only fewer in numbers but also 
characterized by low productivity (low milk yield, long calving interval, long age at first calving 
and short lactation length) and there is a need to improve the productivity of dairy herd 
structure.   
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Table 2. Types of livestock and poultry birds owned by households  
 
Species and 
groups owned   

   Number of animals  owned (TLU) Conversion factor into TLU 
Crossbred Local 

Oxen 47 214 1 
Cows 403 463 1 
 Heifers 90.75 120 0.75 
Young bulls 0.663 1.807 0.013 
Calves 12.2 19.2 0.2 
Sheep 0.39 28.6 0.13 
Goats - 7.93 0.13 
Donkeys - 3.01 0.7 
Poultry 0.169 3.705 0.013 
Source for conversion factors: Strock et al., 1991 
 

Dairy Breed Sources, Preference and Constraints 
 
Out of 54.3% of farmers who preferred crossbred cows, (69.8%) preferred due to high milk 
yield and (1.5%) due to resistance to diseases. Out of 35.8% of farmers who preferred local 
cows, (33%) preferred due to tolerance to shortage of feeds and (17.5%) due to resistance to 
diseases. The major sources of crossbred cows were Wolayita Cattle breeding and 
Multiplication Center (37.3%), private owners (17.2%), markets (12.4%) and Ministry of 
Agriculture and Rural Development (MOARD) (5.3%). About 36% and 27.6% of farmers 
obtained crossbred cows through purchase and AI or bull services, respectively. The major 
constraints in crossbred cow use were poor resistance to illness and diseases (31.5%) and high 
price of crossbred cows and heifers (20.3%). Other constraints include unavailability of 
crossbred cows (8.9%), lack of credit (7.9%), unawareness about crossbred (1%) and low 
product price (0.3%). Low yield potential (68.7%), low product price (3%), lack of credit (1.3%), 
unawareness and unavailability (4.6%) are constraints in local cow use. Out of 15.4% of farmers 
who have been interrupted dairy businesses, since start, 5.3%, 3.6%, 3.8% reported high feed 
cost, unavailability of feeds and inadaptability of crossbred cows, respectively as reasons for 
interruption. This indicates that dairy breeds have advantages and disadvantages which should 
be exploited in future interventions deemed to improve smallholder dairy value chain. 
 

Feeding Regimes 
 
Farmers used feeds such as natural pasture (in front and back yard of the house), reserved 
pasture, crop residues (mainly maize) and improved feeds (elephant grasses, vetch and dasho 
on terraces). Types of cattle feeding systems are given in Table 3. Farmers practiced three 
grazing systems and combinations thereof: communal, private and zero grazing. The highest 
portion of feeding regime practiced was communal and private grazing (25.6%). About 8.1% of 
farmers’ forage area has increased over time due to higher market values of forage crops (2.8%) 
and high yields of forage crops (4.3%). However, for 53.4% farmers, forage area decreased over 
time due to shortage of land (29.2%), crop diversification (16%) and low product price (5%). 
 
Dairy farmers obtained improved forage seeds from nongovernmental organizations and safety 
net program. The seeds were multiplied in demonstration centers and on farmers’ fields. Yet 
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dairy farmers faced feed shortage from December to May and consequently cows’ physiological 
changes were observed leading to low milk production. The strategies farmers used to 
overcome feed shortages include feeding enset, sweet potato, sugar cane, banana leafs and river 
side green grasses. There were no apparent private or public organization’s efforts in improving 
the use of crop residues. Practicing crop residue haulm, use of urea treatment and awareness 
creation in application of supplementary feeds and purchase of feeds are options to improve 
feed shortages. 
 
Table 3. Dairy cattle feeding regimes practiced by sampled farmers 
 
Feeding regimes  Percent reporting 
Communal grazing only  16.5 
Private grazing only  11.7 
Zero grazing only  14.7 
Communal and private grazing  25.6 
Communal and zero grazing  10.7 
Private and zero grazing  13.2 
Communal, private and zero grazing  7.6 
 

Water Sources for Livestock 
 
Farmers used three major sources of water such as streams or rivers (43.7%), own water 
well/hand pump (29.2%) and communal water from collection points (10.7%) to feed livestock. 
The other water sources include own water tank (6.3%), communal hand pump water tank 
(6.3%) and combinations thereof. This represents considerable energy wastage for dairy cows 
in terms of travel time to and from the watering points and contributes towards lower 
productivity. Livestock watering frequencies varied from season to season, species to species 
and water sources. During wet season, livestock are watered every 2 days whereas during dry 
season every day. Some farmers provide either water alone and/or rationed with other feed 
stuffs. On average, 25 litres of rationed (with various grain products) per day was given to 
cattle. However, priority was given to milking cows. Thus, water supply to dairy production is 
unavailable to the households continuously.  
 

Labour for Livestock Production 
 
Important dairy farm operations are milking, cleaning milk containers, milk storing and 
preserving, quality control, barn cleaning, milk marketing, milk processing and butter 
marketing (Table 4). Key dairy herd management practices are feeding, watering, health 
management, pasture management and heat detection. The main source of labor for these 
operations was family and members have different responsibilities for different dairy farm 
operations and dairy herd management. For example, activities such as pasture management 
and cattle watering are handled by all members. However, women contribute to most of the 
dairy farm operations. This information is important in targeting training and extension 
services to different members. However, household labor availability varies during the year. 
Labour is in shortages during January to May, surplus during June to August and sufficient 
during the remaining months. About 61% of farmers reported that labor was not readily 
available when needed. Farmers used different options to overcome labor shortages; daily labor 
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(3.6%), traditional labor pooling system (Debo or Jigi) (2.8%) and relative labor (0.8%). 
Households commonly hire labor for barn cleaning, feed collection, transporting grasses and 
ploughing land for forage development. Other strategies used during children schooling were 
tethering, stall and home feeding.  
 
Table 4. Labour division of sampled farmers in dairy value chain 

 
Activities Husband (%) Wife (%) Boys (%) Girls (%) 
Barn cleaning  16.4 66.5 5.7 11.4 
Cleaning milking containers - 90 - 10 
Milking cows  - 93 - 7 
Milk storing and preserving - 91.9 - 8.1 
Milk quality control - 94.7 - 5.3 
Milk processing  - 76 4.3 19.7 
Milk and butter  transportation 1.8 67.6 9 21.6 
Milk and butter marketing 3.9 78.5 4.9 12.7 
Health management 39.4 49.6 5.9 5.1 
Pasture management  22.6 50 20.6 6.8 
Watering 23.6 35.2 28.5 12.7 
Dairy animals care 31.7 54.7 10.8 2.8 
Caring for calves 26 62.6 7.3 4.1 
Buying dairy animals 65.7 20.6 10.8 2.9 
Heat detection  56.4 26.7 12.9 4 
Mating dairy cows  72.7  - 23.3 4 
Feeding dairy cows 33.2 40.8 16.8 9.2 

 
Livestock Extension Services 

 
Institutional support services such as extension are important prerequisite for enhanced dairy 
value chain. However, 60.4% of farmers didn’t access livestock extension services because of 
inadequate capacity of extension service. About 16% of farmers received extension services 
such as veterinary and combination of forage use, crossbred cows, milk value addition and 
market information. Government AI or bull service was the most important breeding service 
provided (55.8%). Wolayita Agricultural Technical Education and Vocational Training College 
supply Liquid Nitrogen for AI service whereas semen was obtained from National Artificial 
Insemination Center (NAIC). There were trained AI technicians assigned at each woreda who 
cater breeding services to farmers. So far there were few cases where the first two services of AI 
failed, however, in most cases they succeeded with the second. In addition, 12.9% of farmers 
obtained the service from private agency, 30.9% from own or neighbour bulls and 2.5% from 
nongovernmental AI or bull services. Most farmers received maximum of three services per 
conception and payment varied depending on the source of the service. It was free if used from 
neighbour source, 2 birr per conception from rural farmers and 4 birr per conception from 
town farmers and a maximum of 30 birr per conception from private source. In general, there 
were more AI services per conception than natural services probably due to poor AI 
techniques, poor quality semen or poor heat detection techniques. The major constraints to 
government AI service were remote placement of technicians at woreda level and unreliable 
semen. Assigning technicians at kebele level and establishing AI centers capable of producing 
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reliable semen at regional level and consequently at zonal level are options to overcome the 
constraints.  
 
Less than half of the farmers (37%) practiced vaccination against major diseases such as Foot 
and Mouth; Black Leg, Anthrax and Lumpy skin. The proportion of farmers who treat cattle 
against worms and parasites, mastitis, and salmonellosis were very low (10%). A veterinary 
technician assigned to serve 2 to 3 kebeles provided vaccination to nearby farmers or farmers 
who trekked cattle from elsewhere. Usually farmers pay 50 cents per vaccination however; 
payment depended on the type of vaccinations. The major constraints were shortage of trained 
technicians and vaccines. Shortage of vaccines was due to inadequate allocation of budget as 
the management least prioritize the services. The opportunity observed was that zonal 
management reallocated finance to epidemic outbreaks. Options forwarded include allocation 
of adequate budget, assigning trained technicians at peasant association level and 
decentralizing service centre from Debrezeit to zonal level.  
 
Participation of farmers in extension activities such as technology demonstration, trainings 
and field days enhance their capacity to adapt and adopt livestock technologies and increase 
production and productivities. However, only 7.9% of farmers hosted dairy technology 
demonstration, 14% attended dairy technology demonstration trial or field days and 17.3% 
attended training. About 66% of farmers owned radio and 38% of them often heard 
agricultural programs broadcasted. About 17.3% of farmers accessed written materials on dairy 
production and 9.4% of them accessed once per week. This implies that the use of extension 
media was almost nonexistence and should be strengthened to reach the majority of farmers to 
boost dairy value chain.   
 

Market Information 
 
Seventy eight percent of farmers knew price to be offered by buyers before selling dairy 
products. The major sources of market information on dairy products supply include 52.5% 
traders, 22.3% markets, 10.7% hotels/restaurants, 2.5% neighbours, 3.6% cooperative, 1.3% 
telephone and newspapers, 0.5% contractors and 0.3% research centre. The major sources of 
market information on dairy products demand include 46.7% traders, 24.4% markets, 9.4% 
hotels/restaurants, 5.8% cooperative, 2.8% neighbours, 0.5% contractors and 0.3% research 
centre. The major sources of market information on dairy products prices include 50% traders, 
22.3% markets, 7.4% hotels/restaurants, 4.3% cooperative, 2.5% neighbours, 1.3% telephone 
and newspapers, 0.5% contractors and 0.3% research centre. The sources were adequate, 
reliable and timely for 38.8%, 31.7% and 23.7% of farmers, respectively. Thus, traders, markets 
and hotel/restaurants were the major sources of market information. However, the use of 
modern communication media like radio, television and printed outs was very limited. This 
shows that there is a potential to expand information sources through effective use of modern 
communication technologies. Educating dairy farmers and providing information that 
facilitate their ability to process information and make production decisions are required for 
enhanced dairy value chain. Again, this shows that more promotional effort is needed to reach 
majority of farmers to expand markets.  
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Credit Services 
 
About 91.9% of farmers did not receive credit from formal credit institutions for dairy 
production. About 28 farmers received credit from Omo Microfinance Institution whereas only 
3 farmers received from nongovernmental organizations. Therefore, access to formal credit 
services should be adequately availed to boost dairy value chain.  
 

Milking Practices, Milk Handling, Storage and Value Addition 
 
Farmers applied different milking practices to local and crossbred cows. To milk a local cow, 
most farmers wash milking equipment and udder first using either warm or cold water. Then a 
calf sucks breasts for a few minutes to initiate lactation and make a cow ready to give milk. 
Subsequently, the calf is tied in front of a cow and the cow is milked while a cow lashes a calf. 
If a calf is dead or not tied in front of a cow, the cow may not always be willing for milking. In 
such a case, farmers provide feeds for a cow. Once milking is done, farmers let a calf feed the 
breasts. Contrarily, farmers do not let a calf suck breasts before and after milking a crossbred 
cow. Instead, they provide some amount of milk to a calf after milking. The minimum 
frequency of milking a cow was twice a day; a typical characteristics of crossbred cows. 
Morning (6-7am) and early evening (4-5pm) are the two milking times of crossbred cows. The 
maximum frequency of milking a cow was three times a day; typical characteristics of local 
cows. Morning (6-7am), midday (12am-1pm) and evening (7-8:30pm) are the three milking 
times of local cows. The average milking frequency was 2.85 a day which indicates dominance 
of local cows’ ownership among sampled households. Milking frequency for local cows 
depended on lactation period, feed availability, among other factors.  
 
The reasons why farmers add values to milk varied with socioeconomic characteristics, market 
access and institutional support services. Most farmers add value to milk to get products such 
as butter, cottage cheese, skimmed milk-area and aguat-watery products from cottage cheese 
making. About 40.4%, 38.1% and 1.8% farmers added values always, sometimes and during low 
demand or fasting times, respectively. Though the amount of butter produced depended on 
types of cow owned, season, milk management, feed types, lactation length and processing 
skills, on average 16 litres of milk can produce a kg of butter. After butter making, skimmed 
milk was added on a clay pot and put on fire fame to make cottage cheese and aguate. To 
detect production of cottage cheese, farmers insert their fingers into the cottage cheese and 
sense depending on their experiences. If they feel that it is ready, they take it out and put 
carefully without shaking. It cools for a while and when ready they separate cottage cheese 
from aguate using locally made equipments. Though the amount of cottage cheese produced 
varied with seasons, on average, 5 litres of milk produce a kg of cottage cheese. Finally, aguate 
is consumed with other food stuffs but never taken to market for sale.  

 
Hygiene and Sanitation 

 
Farmers store milk in equipment made locally from clay soil. This equipment are purchased 
from local markets or nearby pottery. Price per equipment depended on the size. To avoid 
microbial contamination, farmers pack equipment with stems from false banana (enset). Most 
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farmers store milk for a day, however, when milk yield per day is low, they store for more than 
a day. About 64.5% of farmers’ stored milk and 27.9% of them stored to increase volume to add 
values and 22.3% stored to increase marketable volume of milk. About 10.2% and 3% stored for 
ekub to benefit from economies of scale and expecting high price, respectively. About 25.9% of 
farmers observed no quality and quantity change in the stored milk. The remaining 21.6%, 
9.9%, 4.1%, 3.3% and 1% observed decease in quality, quantity, both quality and quantity, 
change in taste and increase in both quality and quantity, respectively. The major constraints 
with milk handling were poor quality and hygiene of products. The options to minimize the 
constraints were enhanced extension services such as improved milk handling, storage and 
management practices through better technologies. 
 

Quantity of Milk Produced, Consumed, Marketed and Value Added 
 
Farmers indicated that milk yield is highest during the first four months of lactation and 
declines thereafter. However, it depends on the month of calving, feed availability, milking 
experience, etc. Milk production peaks during May to September since feed supply is adequate. 
The mean milk yield per day was 8 litres, of which, 27.8%, 58.2%, 26.6% was home consumed, 
sold and value added, respectively. This indicates that the largest portion of milk was sold to 
milk market outlets. This clearly points out that dairy production in the area seems market 
oriented. The demand for dairy products is high but supply is far below demand. Reasons for 
low supply are low yield of local cows that dominate dairy cattle population, and lack of dairy 
enterprises. Creating conducive policy environment for dairy enterprise development, use of 
crossbred cows and upgrading local cow performance are alternative options forwarded.  
 
The primary objective of dairy production among farmers was for family consumption of dairy 
products. Out of 93.9% of farmers that reported consuming their produces, 78.4% consumed 
to supplement the nutrient requirement of the household. The remaining 8.6%, 3.3%, 0.5% and 
0.3%, 0.8%, 1.8% consumptions were implicated to unrewarding prices, low demand, poor 
market infrastructure and cultural taboos that prohibit selling dairy products, respectively. The 
mean household consumption per day was 2 litres of milk, 0.32kg butter, and 0.37kg cottage 
cheese. Infants were prioritized in allocation of fluid milk consumption followed by husbands. 
Butter and cottage cheese were consumed along with other foods and therefore not prioritized.   
 
Farmers accessed three milk market outlets and combinations thereof: consumers, 
hotels/restaurants and cooperatives. Out of 71.6% of farmers who sold fresh milk, 27.7% sold to 
consumers, 9.4% to cooperatives, 22.1% to hotels/restaurants, 10.9% to consumers and 
hotels/restaurants, 0.8% to cooperatives and consumers and 0.8% to cooperatives and 
hotels/restaurants. Price of fresh milk was determined by supply and demand. If farmers sell 
fresh milk to neighbours, they may receive lower payment than other milk market outlets due 
to social-cultural factors. The mode of payment varied with types of milk market outlets. 
About 43.9% of farmers received payment on credit, 30.2% in cash and 0.3% in both credit and 
cash. The amount of milk supplied to markets depended on seasons, household size, 
dependence ratio, daily milk production etc. Similarly, the time of sale to markets depended on 
types of market outlets. 
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Farmers accessed three butter and cottage cheese market outlets and combinations thereof: 
consumers, hotels/restaurants and traders. The major buyers of cottage cheese were 
consumers and hotels/restaurants. However, butter was highly traded even outside of Wolayita 
zone. Prices of butter and cheese were determined by supply and demand. On average birr 52 
per kg for butter and birr 18.3 per kg for cottage cheese were received. The mode of payment 
varied with types of market outlets; however, all farmers received payment in cash. The 
amount of butter and cottage cheese supplied to markets depended on season, household size, 
dependence ratio, daily milk production etc.  
 

Income Sources and Uses 
 
The main sources of income for 29.9% and 25.6% of farmers were sales of livestock and/or 
livestock products and sales of crops, respectively. Sources of income for the remaining 18%, 
14.9% and 11.4% of farmers were permanent salary, remittances and off-farm activities, 
respectively. The equivalent income earned from consumed dairy products by dairy farmers 
was calculated by multiplying average dairy products consumed per household with average 
price paid by consumer per liter or kg of dairy products. Dairy farmers generated about an 
average income of birr 539.53 per day. Important uses of income generated from dairy product 
sales are given in Table 5. About 49% and 38.6% of farmers reported that dairy income is 
important to pay for health care and to purchase soaps and clothes. However, about 77.2% and 
59.6% of farmers said that dairy income is less important to buy dairy animals and pay loans. 
This indicates that income generated from dairy sale is too small to purchase dairy animals and 
repay loans. Therefore, dairy farmers use dairy income for immediate household needs.     
 
Table 5.Importantuses of income generated from dairy products sale 
 
Uses of income from dairy products sales Percent reporting 

Very important Important Less important 
School expenses  36.4 31.8 31.8 
Grain purchase for home consumption 77 20.5 2.4 
Purchase of other food  50 28.6 21.4 
Purchase of inputs for crop production  35.6 32 32 
Loan repayment  5.8 34.6 59.6 
Health care expenditure  19.3 49 31.6 
Purchase soap and clothes  45.7 38.6 15.7 
Purchase of dairy animals  12.3 10.5 77.2 
Invest in other dairy related activities  28.9 22.2 48.9 
Purchase of dairy inputs  50.7 17.9 31.3 
 

Dairy Products Market Outlets 
 
There were four dairy products market outlets such as hotels, cooperatives, traders and 
consumers. There are four milk processing cooperatives in Wolayita zone of which only Kokate 
and Gacheno cooperatives are functioning. The Kokate cooperative is located 8km north of 
Wolayita Sodo town in the tarmac road that passes through the town to Shashamane. It was 
established with 15 members in 1999 EC and currently has 18 members. Gacheno cooperative is 
located 11km north of Bodit town in the tarmac road that passes through the town to 
Shashamane. It was established with 16 members in 1999 EC and currently has 14 members. 
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The members supply milk to cooperatives and process into butter, cottagecheese, ghee and 
skim milk for selling.  
 
The average milk supply to cooperatives per day was 1.34 litres with average price of 4.27 birr 
per liter. All farmers were aware of low price offered and payment at the end of every month by 
cooperatives. However, members have different reasons for preferring cooperatives including 
no milk quality test (2.3%), capacity building (2%) and shortest distance (0.8%). Farmers also 
obtained different types of support from cooperatives such as processing techniques (6.9%), 
equipments (2%), market information (1.5%) and trainings (0.5%). When milk supplied to 
cooperatives was rejected, farmers used different strategies to overcome; taking back home and 
consume (6.9%), process (3.3%) and taking to another market on the same day (1.5%).  

 
The amount of dairy products processed, sold and income earned from sales of the products by 
cooperatives are provided in Table 6. Cooperatives sold butter at birr 70 per kg, cottage cheese 
at birr 23 per kg, ghee at birr 10 per liter and skimmed milk at birr 1.5 per liter. At cooperatives, 
on average 14 litres of milk produce a kg of butter and 5 litres of milk produce a kg of cottage 
cheese. Therefore, taking butter sales, the gross marketing margin from a liter of milk sales to 
cooperatives was 14.6% and the portion of price paid by the consumer that goes to farmer was 
85.4%. 
 
Table 6. Performance of cooperatives in Kokate and Gacheno kebeles (1999-2002 EC) 
Location              Dairy products  Amount processed  Income from sales  
 
 
 
Kokate  

 
1999 

 

Butter  312 Kg  
20,872 birr  Cottage cheese  597 Kg 

Ghee  131 L 
 
2000 

Butter  20.6 Kg  
27,128 birr  Cottage cheese  904  Kg 

Ghee  1669 L 
 
2002 

Butter  153 Kg  
28,278 birr Cottage cheese  495 Kg 

 
 
 
 
 
Gacheno 

 
1999 

Butter  11.5 Kg  
1545 birr  Cottage cheese  25 Kg 

Ghee 10 L 
 
2000 

Butter  27.5 Kg  
1943 birr  Cottage cheese  13 Kg 

Ghee 16L 
 
2001 

Butter  26.5 Kg  
2017 birr  Cottage cheese  13 Kg 

Ghee 17 L 
 
2002 

Butter  22 Kg  
1717 birr  Cottage cheese  11 Kg 

Ghee 15L 
Source: Wolayita zone Agricultural and Rural Development Office 

 
The cooperatives were initiated by the government but the source of capital for the start-up 
was from membership fee and members’ equity share fee. The importance issue regarding the 
initiation of cooperatives is that whether the cooperatives initiated by the government can be 
allowed to freely operate as a business enterprise without government interferences. Therefore, 
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it is essential to make clear to members regarding cooperatives roles, functions, benefits and 
sustainability.  
 
Effective cooperative management system is essential to manage and adapt to dynamic market 
environments and to effectively manage the relationships. The cooperatives were managed by 
cooperative members composed of chair, secretary, auditor, treasure, and accountant. The 
demographic characteristics of cooperative management indicate that all except guard were 
women in Gacheno and all except accountant were men in Kokate cooperative. The maximum 
educational level attained by management was grade 12 complete. Generally, cooperatives were 
managed by nonprofessional dairy farmers; this has implications on the capacity to manage in 
very complex and dynamic market situations. All members were very dissatisfied with 
cooperative management in terms of services and problem solving abilities. The management 
in turn reported that many problems were beyond their capacity. The main constraints include 
delay in payment, lack of facilities, trained personnel, technical training, AI and bull services, 
access to improved forage seeds, legal status, access to infrastructures (electricity, tap water, 
fixed phone line), and limited milk absorbing capacity. There are a few milk processing 
cooperatives despite high dairy potential of the study area. In general, all areas of cooperatives 
need support by value chain actors to achieve desired objectives. Therefore, there is a need to 
strengthen existing cooperatives, establish new   cooperatives and zonal level union to serve as 
a mechanism for further vertically integrating the cooperatives to local and regional markets.             
The mean supply of milk, butter and cottage cheese to hotels/restaurants per day was 6.4 litres, 
2kg and 2kg with average price of 5.22 birr per liter, 58.14 birr per kg and 21 birr per kg, 
respectively (Table 7). About 18.3%, 9.9%, 4.6% and 1.8% of farmers travelled less than 30 
minutes, 30 minutes, 45 minutes and an hour to sell milk to hotels/restaurants, respectively. 
Largest number of farmers travelled less than 30 minutes implying market access as an 
important factor for farmers’ market orientation. Farmers have different reasons for choosing 
hotels/restaurants as market outlet choice such as credit payment (14.7%), cash payment 
(9.4%), no formal milk quality test (5.6%) and capacity building (3.8%). Payment was made as 
soon as sold for 5.1% of farmers and at the end of every month for 29.4% of farmers. About 
21.8% of farmers reported no problem with hotels/restaurants. However, varying strategies 
were used for the milk rejected by hotels/restaurants such as  taking back home and consume 
(6.1%), taking to another market on the same day (4.8%), taking to another market on next day 
(1%) and selling at lower price (0.8%).  

 
Table 7. Dairy products supply to hotels/restaurants 

 
Items  Number of respondents Mean Std. Deviation 
Amount of milk (L) 136 6.42 ±2.2 
Milk price per liter (Birr) 136 5.22  ±1.25 
Amount of butter (kg) 8 2  ±1.02 
Butter price per kg (Birr) 8 58.14 ±7.9 
Amount cottage cheese (kg) 2 2 ±1.1 
Cottage cheese price per kg (Birr) 2 21    ±1.41 
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Hotels/restaurants purchased on average 52.6 litres of milk a day with average price of birr 5.5 
per liter. They attracted farmers by fair milk measurement (49.1%), offering better price 
(28.3%) and visiting farmers (13.2%). About 71.7% of respondents reported being paid in cash, 
20.8% in credit and 7.5% in advance. The major quality requirement by respondents was that 
the milk must not be diluted (75.5%). Quality test at delivery was done always (94.4%), 
sometimes (1.9%) and never at all (1.9%). About 45.3% of the respondents use oral agreement 
with milk recipients. Purchase was done by the owners themselves (73.6%), their family 
members (18.9%) and commission agents (1.9%). Milk purchase price was set by owners 
themselves (11.3%), through negotiations (69.8%) and by markets (17%). For those respondents 
who set price by themselves, 32.1% was done individually and 28.3% in consultation with other 
hotels/restaurants. Generally, hotels/restaurants do not have instruments to test quality at 
delivery. 
 
Hotels/restaurants in turn sell processed milk to urban and rural consumers. Average quantity 
of milk sold per day was 51.4 litres with average price of birr 5.9 per liter. Ninety four percent of 
hotel owners received payment in cash. About 88.7% of the hotel owners sold milk in the form 
of boiled milk, macchiato and milk with coffee. On average the price of boiled milk was birr 
2.25, macchiato birr 2.5, milk with coffee birr 2.5 and zebra macchiato birr 2.7 (Table 8). Selling 
prices was decided by hotel/restaurant owners themselves (18.9%), by markets (56.6%) and by 
negotiations (20.8%). Thirty four percent of the hotel/restaurant owners decided price 
individually, 28.3% in consultation with other hotels/restaurants and 1.9% set by local 
administrations. Taking only boiled milk sale, the gross marketing margin from a liter of milk 
was 53.6% and the portion of price paid by the consumer that would have gone to farmers was 
95.2%.  

 
Table 8. Types and amount of milk products from a liter of milk 

 
Majority of hotels/restaurants (64.2%) have menus that provide information to customers. 
Ninety six percent of the respondents didn’t pay tax for the milk purchased but 34% paid sales 
tax. The major sources of information on supply were other hotels/restaurants (34%), 
observation (13.2%) and personal contacts (1.9%). The major sources of information on demand 
were other hotels/restaurants (17%), observation (32%) and personal efforts (22.6%). The major 
sources of information on prices were hotels/restaurants (64.2%), telephone (1.9%), personal 
efforts (17%) and observations (9.4%). The sources of information were reliable for 28.3%, 
adequate for 22.6% and timely for 13.2% of the respondents. About 52.8% of the respondents 
are willing to pay for market information in the future. In general, information sources are 
limited but there existed active information exchange among respondents.       

Types   Number of 
respondents 

Average price  
Per cup 

Mean cups 
 per liter  

 Average income per liter 
(Birr)  

Cups of boiled Milk 53 2.25 5 11.25 
Cups of Macchiato 53 2.5 14 35 
Cups of milk with coffee  53 2.5 6 15 
Cups of zebra macchiato 16 2.7 13 35.1 
Ghee 5 2.5 5 12.5 
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The mean butter and cottage cheese supply to traders per day was 1.89kg and 3.5kg with 
average price of 54.49 birr and 16.46 birr, respectively (Table 9). Almost all farmers sold milk 
products at markets. The entire farmers received payment in cash as soon as sold. Farmers 
used strategies such as taking home and consume (11.2%), taking to another market on next 
day (5.67%) and selling at lower prices (2.8%) when milk products were rejected by traders. A 
problem with traders was cheating weights and adulteration of butter with Girl Ghee, Shano 
lega, banana and other industrial products. The other problem was absence of standardization 
and grading system for dairy products. Formulations of standardization, grading and 
marketing rules by governments are options to overcome the problems. 
 
Table 9. Dairy products supply to traders  
Items  Number of respondents Mean Std. Deviation 

Amount of butter (kg) 99 1.89 ±1.07 

Price of butter per kg (Birr) 99 54.49 ±7.57 

Amount of cottage cheese (kg) 77 3.5 ±0.78 

Price of cottage cheese per kg (Birr) 77 16.46 ±3.95 

 
Butter purchase was made at kebele (8.9%), woreda (67.3%) and at town (14.9%) markets. 
Butter sellers include farmers (2.6%), urban retailers (7.6%), rural retailers (31.6%), rural 
wholesalers (5.1%), farmer traders (13.9%) and town assemblers (2.5%). Average quantity of 
butter purchased per day by traders was 53kg. Traders used different strategies to attract butter 
suppliers by offering better prices (31.6%), making fair weighing (46.8%), visiting them (6.3%) 
and paying in cash (11.4%). Traders preferred suppliers for various reasons such as quality 
supply (31.6%); large supply (50.7%) and short distance (10.1%). Because of the differences in 
traders’ ability to purchase and sellers’ exposure, 82.3% of the respondents reported that butter 
price was different on the same day in a marketing centre. About 58.2% of the respondents 
who processed milk used enset, 1.3% shembeko, 1.3%  zembil, 1.3%  coffee cup and 6.3% plastic 
bag in the course of processing. About 87.4%, 3.8% and 6.3% of the respondents did dairy  
business year round, during holidays, when purchasing price is low or high supply, 
respectively. 
 
Traders sold at woreda market (5.1%), at towns (62%), at Addis Ababa (3.8%), at Hawassa 
(12.7%), at Addis Ababa or Hawassa (8.9%) and both Addis Ababa and Hawassa (7.6%). 
Average quantity of butter sold by traders per day was 44kg with average price birr 59 per kg. 
The gross marketing margin from sales of a kg of butter to traders was 22.2% and the portion of 
price paid by the consumer that goes to farmers was 77.8%. This seems that butter traders are 
not benefitting from butter transactions. However, it is because majority of butter traders were 
assemblers and thus the average price per kg was pulled down from birr 65 to birr 59. About 
82.3% of the respondents received payment in cash. Traders attracted buyers through selling at 
lower price (2.5%), offering quality product (77.2%), fair scaling or weighting (2.5%), visiting 
them (2.5%) and offering on credit basis (13.9%). About 46.8% of the respondents reported that 
there were restrictions imposed on unlicensed butter traders. About 40.5% of the respondents 
paid tax for butter purchased and 70.9% paid sales tax. This implies that majority of butter 
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sellers do have shops and pay tax, on contrary to butter purchasers whose tax payment 
depended on the quantity of butter purchased on the markets.  
 
The major sources of information on supply were other traders (45.6%), telephone (16.5%) and 
personal efforts (20.3%). The major sources of information on demand were other traders 
(34.2%), radio (1.3%), telephone (24.1%), personal efforts (21.5%) and brokers (1.3%). The major 
sources of information on price were other traders (40.5%), telephone (13.9%), and personal 
efforts (40.5%). Fifty three percent of the respondents were willing to pay for market 
information in the future. About 24.1%, 68.4% and 2.5% of the respondents transported dairy 
products by carrying on their head or back, using truck or vehicle and pack animals, 
respectively. About 73.4% of the respondents reported that they have faced adulteration in 
butter marketing.     
 
Milk, butter and cottage cheese were sold directly to consumers. About 40.3%, 10.4% and 7.6% 
of farmers sold milk, butter and cottage cheese, respectively to consumers. The mean milk, 
butter and cottage cheese supply to consumers per day were 4.8 litres, 1.69kg and 1.95kg with 
average price of 4.9 birr per liter, 53.63 birr per kg and 17.37 birr per kg, respectively (Table 10). 
About 16% and 14.7%, 8.9%, 0.8% and 5.1% of farmers preferred selling to consumers because 
of cash payment, credit payment, no quality test, shortest distance and obtaining  of crop 
residues and grain leftovers etc. in return, respectively.  
 
Table 10. Dairy products supply to consumers 
 Items  Number of respondents Mean Std. Deviation 
Amount of milk (liter per day) 176            4.8 ±1.1 
Milk price per liter  (Birr) 176            4.9 ±1.8 
Amount of butter (kg) per day 40        1.69 ±1.2 
Butter price per kg (Birr) 40          53.63 ±13.4 
Amount of cottage cheese (kg)  30        1.95 ±1.1 
Cottage cheese price per kg (Birr) 30          17.37 ±4.4 
 
The dairy product categories purchased and consumer purchase frequencies are given in Table 
11. The widely consumed dairy products in the area are unprocessed fluid milk, processed fluid 
milk, cottage cheese, edible butter, cosmetic butter and skimmed milk. The most frequently 
purchased dairy product was unprocessed fluid milk. The average number of unprocessed fluid 
milk purchase days per month was 27.5 (almost every day) while processed fluid milk, cottage 
cheese, edible butter and cosmetic butter were purchased 0.4, 4, 2 and 0.5 times, respectively. 
In general, it is observed that the consumer purchase patterns are along the traditional dairy 
products consumption. This shows that there is a potential to expand dairy product 
consumption through developing new dairy products and promotional activities that educate 
and encourage consumption of non-traditional dairy products.  The sources of dairy products 
purchases are important in determining the consumption levels. About 6.6%, 9.6%, 15.7%, 
48.5% and 1% of the respondents purchased unprocessed fluid milk at farm gate, kebele 
market, town market, contract with neighbours and retail shops, respectively. The cooperatives 
are not the major unprocessed fluid milk suppliers to consumers.  
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This is because they collect milk from farmers and process into butter, cheese, skimmed milk 
and ghee for sale. Almost all respondents purchased processed fluid milk from retail shops and 
super markets. The ultimate sellers of unprocessed fluid milk were dairy farmers. Thus, there is 
variation in the marketing of different dairy products. In general, the use of retail shops and 
super markets for processed fluid milk purchase is common in the study area.    
 
Table 11. Monthly patterns of household dairy products purchases  
Dairy products  Households reporting 

purchase (%) 
Amount 
purchased  

Expenditure (Birr) 

Unprocessed fluid milk (L) 84.5 4367(27.5)+ 22,295.4(5.6)++ 
Processed fluid milk (L) 23.7 17.795(0.4) + 9442(224.8) ++ 
Cottage cheese (kg) 81.95 671.75(4.22) + 10,342(25) ++ 
Edible butter (kg) 94.3 357.45(1.95) + 24,018(59) ++ 
Cosmetic butter (kg) 52.57 51.03(0.5) + 2700(54) ++ 
Skimmed milk (L) 8.25 181.5(11.34) + 502.2(2.93) ++ 

   () +, () ++ indicate the purchase frequencies per month and average price per liter or kg.  
 
Dairy products are consumed in three forms: taken alone, taken with other foods and 
processed into dairy products (Table 12). Unprocessed fluid milk, processed fluid milk and 
cosmetic butter were mostly taken alone while cottage cheese and edible butter were taken 
with other foods. Fluid milk was allocated first to infants followed by children, husband and 
elders. In a household with no children, fluid milk is allocated to husband followed by 
children, wife and elders. About 73.8%, 17.2%, 4.5% and 2% of respondents prioritized milk 
consumption for infants and children, husband, wife and elders, respectively. Given that fluid 
milk consumption is very important for all age groups, the priority in allocation among 
members has to do with the household budgetary constraints. Since cottage cheese and edible 
butter are taken with other foods, they can’t be prioritized. 
 
 Table 12. Forms in which dairy products are consumed 
Dairy products   Percent reporting 

Taken alone  Taken with other foods   Processed into dairy 
products  

Unprocessed fluid milk  46.3 45.8 7.9 
Processed fluid milk 54.3 31.4 14.3 
Cottage cheese  15.6 84.4 0 
Edible butter  4.7 95.3 0 
Cosmetic butter  84.8 8.8 6.4 
Skimmed milk  33.3 53.3 13.4 
 
One important question in analyzing consumption patterns of households concerns the 
criteria that consumers use to make their purchase decisions. The dairy product attributes that 
are important in consumers’ purchase decisions are given in Table 13. The important dairy 
products attributes considered are price, taste, safety and quality, availability, health benefits, 
package, brand name, freshness and fat content. For example, for unprocessed fluid milk, the 
important dairy product attributes are: health benefits, availability, safety and quality, taste 
and freshness. Consumers who purchased processed fluid milk cautiously look at the brand 
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names associated with. Generally, packaging and brand names are still not well developed in 
promoting the dairy products consumption.   
 
Table 13. Household’s preference rating for important dairy product attributes 
Dairy  
products  

Percent reporting 
Price Taste Safety 

& 
quality  

Availability Health 
benefit 

Package brand 
name  

Freshness Fat 
content  

Unprocessed 
milk 

8.6 14.3 17.8 22.2 22.5 0 0 9.8 4.8 

Processed 
milk 

0 11.1 34.9 11.1 15.9 4.8 17.5 4.8 0 

Cottage 
cheese  

6.9 23.4 20.3 19 16.6 0 0 9 4.8 

Edible butter  7 19.6 16.4 21.1 18.1 0 0 5 12.9 
Cosmetic 
butter  

5.1 11 19.1 25.7 28.7 0 0 8 2.2 

Skimmed 
milk  

11.4 13.9 16.5 25.3 15.2 0 0 11.4 6.3 

 
The extent the availabilities of dairy products encourage consumptions are assessed. Consumer 
perception on the availability of dairy products and how it related to their purchase intentions 
are presented in Table 14. It is observed that large proportion of households reported that their 
consumption of traditional dairy products is related to the fact that these products are 
available on the market for purchase. For example, about 91.2%, 86.1% and 94.3% of the 
consumers reported that unprocessed fluid milk, cottage cheese and edible butter, respectively 
are available to purchase and consume. However, there are consumers who feel that dairy 
products are not available on the market to purchase. This indicates existence of potential 
markets for dairy products if availabilities of dairy products improve in the markets.  
 
Table 14. Consumer perceptions of availability of dairy products 
Dairy products  Percent reporting product availability  
Unprocessed fluid milk 91.2 
Processed fluid milk  46.9 
Cottage cheese  86.1 
Edible butter  94.3 
Cosmetic butter  63.4 
Skimmed milk  34 
 
The major sources of information for consumers on prices and markets for dairy products are 
given in Table 15. The most importance sources of information used by the consumers were 
market visits, neighbours and friends. The use of modern communication media such as radio 
and television was very limited. This shows that there is a potential to expand dairy product 
consumption through effective use of modern communication technologies. Educating 
consumers and providing information that facilitate their abilities to process information and 
make purchase and consumption decisions that encourage their dairy product consumption 
are ways to expand dairy product consumption.  
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Table 15. Consumer usage of information sources on dairy product prices and markets  
Sources of information used  Percent reporting  
Radio  26.3 
Television  23.2 
Cooperative 8.8 
Market visits  80.4 
Friends  46.4 
Neighbours  58.2 
Extension agents  3.6 
 
The recent changes in major dairy product consumption behaviour of households are assessed 
and presented in Table 16. The changes are assessed for important consumption variables: 
quantity consumed, amount of expenditure, prices, quality and availability. For example, what 
is the change in quantity of unprocessed fluid milk consumed now as compared to five years 
ago? In general, for all dairy products considered, more than 18% of consumers reported that 
prices and amount of expenditures were lower five years ago and the quantity consumed was 
higher for more than 20% as compared to the present. Interestingly, most of them reported 
better quality and availability of dairy products five years ago as compared to the present. The 
increase in prices and expenditure could be due to the increased inflationary pressure in the 
national economy. However, the decreases in qualities and availability present real challenges 
and opportunities for dairy value chain actors.  
 
Table 16. Changes in current levels of consumption, expenditure, price, quality and availability 
of dairy products  
Product attributes  Percent reporting 

Unprocessed 
fluid milk 

Processed 
fluid milk 

Cottage 
cheese 

Edible 
butter  

Cosmetic 
butter  

Change in quantity consumed  
        I don’t consume  10 64 20 8 36 
        More than today  44 20 40 46 32 
        Same as today  10 4 4 6 2 
        Less than today 36 12 36 40 30 
Change in amount of expenditure  
        I don’t consume  8 66 24 12 38 
        More than today  42 16 26 40 30 
        Same as today  0 0 2 2 0 
        Less than today 50 18 48 46 32 
Change in prices  
        I don’t consume  6 62 20 10 36 
        More than today  46 18 34 42 30 
        Same as today  0 0 0 0 0 
        Less than today 48 20 46 48 34 
Change in quality  
        I don’t consume  12 66 28 18 40 
        More than today  44 24 40 44 28 
        Same as today  14 0 0 10 10 
        Less than today 30 20 20 28 22 
Change in availability  
        I don’t consume  12 66 26 16 40 
        More than today  44 20 34 40 32 
        Same as today  8 2 8 8 8 
        Less than today 36 12 32 36 20 
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Household’s exposure to various promotional activities related to dairy product consumption 
is assessed and presented in Table 17. It is observed that large proportion of households had 
exposure to dairy product promotion through farmer to farmer information exchange (50%) 
and radio (27.3%). The use of other media such as billboards, flyers and internet are almost 
nonexistence. This shows that promotional activities are needed to reach majority of 
consumers to expand markets for dairy products consumption.   
 
 
Table 17. Household exposure to dairy products promotional activities 

 
An assessment of the outlook for dairy product consumption is presented in Table 18. 
Consumers were asked to evaluate their current levels of consumption per month as adequate 
or inadequate and if the response was inadequate they were asked to indicate their purchase 
intension to increase consumption levels. A significant proportion of consumers reported that 
monthly consumption levels were inadequate for unprocessed fluid milk (70.6%), cottage 
cheese (46.4%), edible butter (50%) and cosmetic butter (26.3%). More than 35% of those who 
reported inadequate levels of consumption also indicated their interest to increase level of 
consumption per month. Thus, there are good prospects for expansion of dairy markets and 
increased consumption of dairy products in the future. Increased availability at affordable 
prices and promotional activities are required to increase dairy products consumption levels.  

 
Table 18. Outlook for consumption of major dairy products 
Product attributes  Percent reporting 

Adequate Inadequate Can’t 
judge 

Don’t 
consume  

Interest to increase 
monthly consumption  

Unprocessed milk  18.6 70.6 2.1 1 35 
Processed milk  5.7 7.7 0.5 4.1 86.7 
Cottage cheese  16 46.4 4.1 1.5 40 
Edible butter  19.6 50 2.1 0 46.4 
Cosmetic butter  12.4 26.3 1.5 3.1 49 
Skimmed milk  2.1 6.7 1.5 2.6 61.5 

 
We assessed factors limiting consumer ability or interest to increase current levels of 
consumption and the results are presented in Table 19. These factors include limited income, 
limited supply, high price, lack of refrigerator, poor taste, fear of diseases and adulteration. For 
example, in the case of processed fluid milk, low income followed by high price were the key 
factors limiting consumer interest in increasing levels of consumption. Similar patterns are 

Promotional activities available                Percent reporting  

No exposure to anyone of activities  1.5 

Radio   27.3 

Farmer to farmer and TV 8.6 

Farmer to farmer   50 

Radio, TV and farmer to farmer 8.1 

TV 4.5 
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observed for other dairy products in that low income is the most important factor limiting 
their capacity and interest to increase level of dairy products consumption. 
 
Table 19. Factors limiting consumer ability to increase dairy products consumption 
Dairy  
products  

Percent reporting 
Low 
income  

Limited 
supply  

High 
price  

Lack of 
refrigerator  

Poor 
taste  

Fear of 
disease 

Adulteration 

Unprocessed 
milk 

55 6.9 33 1.8 0.9 1.4 0.9 

Processed milk  45.5 11.4 38.6 0 2.3 2.3 0 
Cottage cheese  55.5 13.6 25.7 2.6 1 1 0.5 
Edible butter  51.9 11.8 34 0.5 0 0.5 1.4 
Cosmetic 
butter  

60.4 13.2 24.5 0 0 0.9 0.9 

Skimmed milk 53.6 17.9 17.9 3.6 3.6 0 3.6 
 

Chain Constraints (Production, Processing And Marketing) 
 
Value chain actors have given their perspectives on most important constraints affecting dairy 
production, processing and marketing and their responses are summarized in Table 20. The 
five most frequently reported constraints are shortage of feed (92%), low cattle productivity 
and genetics (67%), inadequate extension services (56%), inadequate institutional concerns 
(43%) and limited veterinary service (39%). Dairy farmers were also asked to rank the 
constraints they have reported. In this regard, shortage of feed is reported as a very important 
constraint by 76% of the respondents who reported the constraints.  
 
Dairy value chain actors provided upgrading strategies for the most pressing constraints. 
Accordingly, the followings are options to minimize the constraints.  
 
Feeds and nutrition: Inadequate supply of quality feed is the major constraint limiting dairy 
productivity in the study area. Feed, usually based on fodder and grass, and crop residues are 
either not available in sufficient quantities due to fluctuating weather conditions and shortage 
of land or when available are of poor nutritional quality. These constraints result in low milk 
yield, high mortality of young stock, longer calving intervals and retarded animal growth rate. 
The quality of feed also deteriorates during dry season and there is critical shortage and high 
cost of feed. Besides, there are no companies that produce feed concentrates and farmers 
depend on their scanty feed resource. Feed supply is major issues for dairy farmers, as most 
technologies, such as silage, haymaking and urea treatments are not available for farmers. 
Fodder trees and mixed tree grass legume banks can be solutions. Hence, improved nutrition 
through adoption of sown forage and better utilization of crop residues can raise livestock 
productivity. 
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Table 20. Dairy value chain actors’ perspectives on constraints in dairy value chain 

 
Chain Development (Competitiveness) Strategies 

 
Low cattle productivity and genetics: Milk productivity of local cow is a major constraint in 
dairy production in the study area. Local cows have low genetic potential for milk production 
but high for butter production. However, there is still a potential for increased production 
through improved management, and selection of the best animals. The potential for 
production of marketable milk is not fully exploited even in the local cows. Selection of better 
breeds specifically adapted to respond to improved management is the necessary step to 
improve the dairy value chain. Generally, a combination of selection in local breeds and 
crossing with exotic genetics is appropriate.  
 
Extension services: Inadequate livestock extension service is the major constraint in dairy 
value chain in the study area. Livestock extension services requiring fodder production and 
feeding schemes, husbandry (particularly calf rearing), dairy hygiene, demonstration of dairy 
technologies, market information utilization, among others are needed. Animal health and 
breeding services can best be handled by specialized professional services. Extension staff also 
should help farmers cope with social change, such as changing gender roles and issues of 
success and control over resources. Extension system that is geared towards market oriented 
can increase farmer income, create employment and reduce poverty among farmers are highly 
deemed.  
 
Institutional concern: Development of dairy cooperatives is too slow and weak. The milk 
processing cooperatives have technical and financial limitations to meet their objectives. 
Therefore, value chain actors need to establish new milk processing cooperatives in areas 
where market accesses to raw milk are limited. Milk suppliers need to have technical support 
including nutrition, breeding, milk hygiene, animal health, milk handling, milk marketing, and 
transportation. Through appropriate technical support and capacity improvement, the core 

Problems  % reporting 
the problem 

Importance of the problem (% reporting) 
Very 
important  

Important  Less 
important 

Shortage of capital  13 20 44 36 
Shortage of labor  23 38 52 10 
Shortage of feeds 92 76 20 4 
Lack of water  27 11 36 53 
Inadequate extension services  56 68 20 12 
Inadequate institutional support 43 60 28 12 
Low cattle productive and genetic 
performance  

67 72 22 6 

Limited veterinary services  39 57 30 13 
High costs of crossbreds and feed 37 45 30 25 
No private investment in dairy production  19 17 30 53 
Quality  problems (Adulteration) 13 34 25 41 
Unreliable seasonal supply 25 23 40 37 
Lack of milk technology 29 31 19 50 
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problem of dairy value chain could be tackled. Therefore, there is a need to pool efforts 
together and make processing units economically viable which requires provision of full- 
fledged technical backups. Pooled efforts are also needed in all other dairy production to 
consumption activities.   
 
Animal health: Poor animal health and management are the major constraints of dairy 
production which cause poor performance of cattle. Most of these constraints result from the 
interaction among constraints themselves. Poor grazing management system continue to cause 
high mortality and morbidity (e.g., internal parasites). Most of the disease constraints which 
affect supply are a consequence of the nontechnical constraints. Experiences in many 
countries, such as India and Kenya, show that private veterinary services are highly desirable 
and can provide the flexible, dynamic services dairy farmers require.  
 
Milk quality problems: Adulteration is a problem in processing and marketing of dairy 
products. Milk adulteration is mostly done by farmers. Butter and cottage cheese adulteration 
is done by a few farmers and most traders. Both hygienic and nutritional aspects are important 
in dairy products quality. Quality control instruments should be provided to farmers at 
affordable price to ensure hygienic and nutritional standards to consumers. Moreover, 
consumers need to be educated in ways of assuring the quality levels. 

 
Conclusion 

 
The results indicated that a number of value chain actors were involved in helping farmers to 
increase dairy production and access market opportunities. The mean milk yield per day was 8 
litres, of which, 27.8%, 58.2%, 26.6% was home consumed, sold and value added, respectively. 
The dairy farmers accessed milk market outlets such as consumers, hotels/restaurants and 
cooperative. They also accessed butter market outlets such as consumers, hotels/restaurants 
and traders. Out of the price paid by consumers for a little of milk, the lowest portion went to 
farmers from cooperative. This indicates that cooperatives paid lower price to farmers and thus 
gained better benefit as compared to other market outlets. Yet, they are the most constrained 
actors that need immediate attention from value chain actors. In addition, it was found that 
many dairy value chain actors were working in a piece meal approach and the chain was not 
properly coordinated. As a result, dairy value chain faced major constraints such as feed 
shortage, use of low productive cattle breeds, inadequate extension and limited veterinary 
services. Unprocessed fluid milk, processed fluid milk, cottage cheese, edible butter, cosmetic 
butter and skimmed milk were products widely consumed. Market visits, neighbours and 
friends were the major sources of information on dairy products. Most farmers had exposure to 
promotional activities through farmer to farmer information exchange and radio. In general, 
given low levels of dairy products consumption and the consumer’s interest to increase 
consumption level, there are good prospects for dairy products market expansion. Through 
appropriate institutional support and extension services, the core constraints of dairy value 
chain could be tackled. Therefore, there is a need to pool efforts together and make the chain 
economically viable which requires provision of fully fledged technical backups. Increased 
availability at affordable prices and promotional activities are required to increase 
consumption levels.  



Ethiopian Society of Animal Production 2012 

 

382  
 

Reference 
 
Anandajayasekeram, P. and Berhanu Gebremedhin, 2009. Integrating innovation systems 
perspective and value chain analysis in agricultural research for development: Implications and 
challenges. Improving Productivity and Market Success (IPMS) of Ethiopian Farmers Project 
Working Paper 16. ILRI (International Livestock Research Institute), Nairobi, Kenya. 66 pp. 
 
Kaplinsky, R. and Morris, M., 2001. A handbook of value chain analysis. Working paper 
prepared for the IDRC, Institute for Development Studies, Brighton, UK. 
 
Mendoza, G., 1991. A Premier on marketing channels and margins. Analytical Methods in price 
analysis. 257-75p. 
 
Rich, K., Asfaw Negassa and Rose, B., 2008. Concepts, applications and extensions of value 
chain analysis to livestock products in developing countries: A review and research agenda. 
Mimeo. ILRI (International Livestock Research Institute), Nairobi, Kenya.  
 
Scott, G.J., 1995. Prices, products and people: Analyzing agricultural markets in developing 
countries. Lynne Reiner Publishers, Boulder, London. 36p. 
 
Vermeulen, S., Woodhill, J., Proctor, F.J., and Delnoye, R., 2008. Chain-wide learning for 
inclusive agro food market development: a guide to multi-stakeholder processes for linking 
small scale producers with modern markets. International Institute for Environment and 
development, London, UK, and Wageningen University and Research Centre, Wageningen, 
The Netherlands.   



Livestock Products Processing and Marketing  2012 

 

 383 
 

Marketing and Promotional Practices of Livestock and Poultry Products by Self Help 
Groups: Challenges and Opportunities 

 
Bhardwaj R., Saurabh Singh1, Girmay Tesfaye1and Solomon Abera1 

1College of Dryland Agriculture and Business Management, Mekelle University 
 

Abstract 
 

The self-employment programme of Self Help Groups (SHGs) formed under Swarnajayanti 
Gram Swarojgar Yojana (SGSY) guide lines, is mainly concentrated on the inputs, rather 
than the outputs, and their marketing. Most of the SHGs in the area of study are practicing 
mixed type of farming related to livestock and animal husbandry. Mixed type of farming is 
fetching them higher returns as compared to other activities like dairy, poultry and 
goatary. SHG members are mainly facing the problems of distress sale, transportation of 
products to specific markets and lack of market information. Low volume of production 
coupled with transportation related problems forces them to sell their products at lower 
prices through intermediaries. Distress-sale is also forced because of disease conditions, 
less bargaining power and false market information. Their profit margins too, get affected 
by the unproductive animals. In some cases Rhode Island Rhode (RIR) breed of poultry 
which they rear, is not accepted by the local customers as their preference is broiler meat. 
Improved transportation facility to specific local markets can enhance the profitability of 
the SHG members. Poultry Industry in India has made rapid progress in the last three 
decades. Its development has not only been in size but also in productivity, technology up 
gradation and quality of its products measuring to strictest EU/USA norms. India occupies 
4th place in the World for Egg production and 5th place in the World for Poultry meat 
production (Annexure-I). The Indian Poultry Industry provides direct and indirect 
employment to about 3.0 million people especially in much needed rural India, and 
contributes to about INR 29000 crores to the National GDP. Poultry is the only sector in 
Agriculture steadily growing at a healthy rate of 7% - 8% in layers and 15% in broilers since 
last 2 decades. Through a well-planned indigenization and acclimatization, the 
productivity has been improved systematically to the levels on par with the developed 
countries. The per capita availability in India has increased to about 42 eggs and 1.6 kg 
poultry meat. Considering the consumption level of 300 eggs and 11 kg of meat in many 
developed countries and the recommended per capita consumption of our Nutritional 
Board of 180 eggs and 9 kgs meat, India, with a population of 1.02 billion is considered by 
the world to be at threshold stage and move up in World Poultry map and occupy the No.1 
position in coming years. 

 
Keywords: Marketing, Live Stock and Poultry Products, Self Help Groups, Challenges, 
Opportunities, Marketing 
 

Introduction  
 

Presently the Self-Help Group (SHG) mode of generating self-employment in the rural areas 
has been an accepted mode of operationalising Poverty Alleviation and Social Intermediation 
Programmes, administered by different Departments of the State Government and Central 
Government. SHGs comprise homogeneous groups of poor people who have voluntarily come 
together mainly with the idea of overcoming their common problems of low social and 
economic status. SHGs enable the poor, especially the women from the poor households, to 
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collectively identify, prioritize and tackle the problems they face in their socio economic 
environment. By pooling their meager resources and using them for lending among 
themselves, they develop the habit of thrift and the skill of credit appraisal, before getting 
mature enough to access a loan from banks, which is called credit linkage. Starting with small 
loans for consumption they soon graduate to bigger loans for setting up of income generating 
micro-enterprises. Today, NABARD's SHG Bank Linkage Programme boasts of over 26 lakh 
SHGs and 3.9 crores households influencing the lives of over 16 crores poor population 
(Ministry of Rural Development, Govt. of India, Annual Report, 2007). During the year 2006-07 
alone, as many as 458591 groups were credit linked. The Swarnjayanti Gram Swarozgar Yojana 
(SGSY) is a major on-going programme for the self-employment of rural poor by putting 
emphasis on mobilization of rural poor to enable them to organize into Self Help Group 
(SHG). The basic objective of the SGSY is to bring the assisted poor families (Swarozgaris) 
above the Poverty Line by providing them income-generating assets through a mix of bank 
credit and governmental subsidy. The programme aims at establishing a large number of micro 
enterprises in rural areas but issues regarding marketing needs special consideration to make 
the programme a real success. 
 

Problem Statement 
 
Traditionally, the self-employment programme, concentrated on the inputs rather than the 
outputs and their marketing.  A study of the local markets might reveal that what the villagers 
purchase can as well be produced locally.  The opportunities must be fully explored. At the 
same time, it must be remembered that it is neither feasible nor desirable to produce all goods 
in all places. Marketing problems are more frequently faced by SHGs mainly due to failure in 
establishing market linkages rather than lack of market opportunities. The present study has 
been undertaken with the objective of recommending marketing and promotional strategies 
for enhanced profitability of the Self Help groups. 
 

Research Methodology 
 
The study was conducted in District of West Bengal, India. These two blocks were selected on 
the basis of spread (increase in the number of newly formed SHGs) of the SHG movement. I 
and II were the very two model blocks where first SHG in West Bengal was formed in 1999 
under the SGSY guidelines. These two blocks have maximum concentration of SHGs’ as 
compared to other blocks in West Bengal. Therefore, these two blocks were covered under this 
study programme. Again from each block four Gram Panchayats (GP) was selected based on 
the same criterion. From I, GPs namely, Shyamsundar, Mugura, Palasan and Narugram were 
selected. From II, GPs namely, Gotan, Barabainan, Paita-I and Arui were selected for in depth 
study. 
 
Sampling plan: Sampling plan for the project was as follows: 
Universe: The universe for this study was all the SHGs formed under SGSY guidelines.  
Sampling Units: Self Help Group members who are associated with micro or small scale 
enterprises related with livestock and animal husbandry formed the sampling units for this 
study.  
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Sample Size:       Number of Self Help Groups – 24 
                            Number of Self Help Group members – 72 (3 from each group) 
 
Among the 3 members one is office bearer and the other two are general members) 
Sampling Technique: A two stage stratified purposive sampling technique was adopted. In 
the first stage, blocks were selected. The major consideration for block selection was the spread 
of the SHG movement. I and II block of Burdwan district were the model blocks where SHG 
movement under SGSY guidelines was launched in 1999. Now these two blocks have more 
number of SHGs as compared to any other blocks in West Bengal. In the second stage Gram 
Panchyats (GP) were selected from each block. On the basis of more number of SHGs, four GPs 
were selected from each block. Now three groups from each GP were randomly selected. While 
selecting the groups three strata were formed like below.  
 
I) SHG which is working for less than 2 years 
II) SHG which is working for 2 to 4 years.  
III) SHG which is working for more than 4 years.  
 
Now among the three groups from a GP one from each stratum was selected.  
Research Instrument: Well structured questionnaire containing both open and close ended 
questions were prepared for taking interviews of SHG members. 
Data Analysis: Collected data were coded, classified, tabulated and interpreted. Based on the 
response received from respondent appropriate statistical tools like Factor analysis, Cross 
tabulation and Chi-square test along with average, percentage, and ranking were used and 
inferences were made. Data was analyzed by using the SPSS (version 14) software package.  
 

Results and Discussion 
 
At the outset, types of enterprises, owned by the respondents were identified and the same has 
been shown in Figure 1. The most common type of enterprise is mixed farms (40.28 per cent 
respondents). In case of mixed farms different types of livestock’s like poultry, dairy, goatary 
and calf rearing were practiced simultaneously. The next common enterprise is livestock along 
with other activities (cultivation, handicraft, paddy processing etc.). It is followed by poultry, 
dairy and goatary consecutively.   
 

 
Figure 1 Type of enterprises related to livestock 
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For evaluating the financial status and profitability of the SHG members, information about 
average annual income was collected. Figure 2 shows that 51percent of the total respondents 
are earning an average income of Rs. 5000 to Rs. 10,000 annually, 24 percent of the total 
respondents are earning an average of more than Rs. 10,000 annually and 25 percent of the 
total respondents are earning an average income of less than 5000 annually. The income of the 
respondents from the micro enterprises highly fluctuates due to unproductive animals. 37 
percent of the respondents have unproductive animals which increase the cost of production 
and thus reduce the level of income. 
 

 
Figure 2: Average annual income of respondents 

 
 Whether the types of enterprises (independent variable) have any impact on the level of 
income (dependent variable), was determined by applying a Chi-square test of the cross-
tabulated data with the help of SPSS 14 software packages. Initially whole data was coded as it 
is on Table: 1and fitted into the spread sheet. From the cross- tabulation as shown in Table 2, it 
can be inferred easily that, maximum income was earned from the mixed type enterprises 
(code 4) (Table 1). Table3 depicts that the level of significance (Pearson’s) is 0.045, meaning 
there by that Chi-square Test is showing a significant association between the type of 
enterprises and level of income at 95.5 percent confidence level. So it can be concluded that at 
95 percent confidence level, type of enterprises and level of income are associated significantly 
with each other. The Lambda value, as shown in Table4 is a measure of reduction in error on 
predicting the association between the two variables. The asymmetric lambda value (the type 
of enterprise dependent) 0.116 means that 11.6 percent error is reduced in predicting the level of 
income. Therefore it can be concluded that there is a moderate but significant relationship 
between the two variables. The value of contingency coefficient which establishes strength of 
the output is shown in Table5 to be 0.424 which lies between 0 and 0.5. This means there is a 
moderate correlation existing between two variables under consideration. Thus from the 
discussion it can be fairly concluded that, the level of income can be increased by adopting 
mixed type of farming. 
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Table: 1 Code of parameters during analysis 
 

Type of enterprise Code Level of income(Rs) 
Dairy 1 Below 5000 
Goatary 2 5000-10,000 
Poultry 3 More than 10,000 
Mixed 4 - 
Livestock and Others 5 - 
Table: 2 Cross tabulation between type of enterprises and annual income 

 
 Annual income Total 
 1.00 2.00 3.00  
 
 
Type of  
eEnterprise 
 
 
 
 
 
 

1.00 Count 1 2 0 3 
 % within Annual income 5.6% 5.4% .0% 4.2% 
2.00 Count 0 3 0 3 
 % within Annual income .0% 8.1% .0% 4.2% 
3.00 Count 2 8 6 16 
 % within Annual income 11.1% 21.6% 35.3% 22.2% 
4.00 Count 5 14 10 29 
 % within Annual income 27.8% 37.8% 58.8% 40.3% 
5.00 Count 10 10 1 21 
 % within Annual income 55.6% 27.0% 5.9% 29.2% 

Total Count 18 37 17 72 
 % within Annual income 100.0% 100.0% 100.0% 100.0% 
 
Table 3 Chi-Square Test 

 
 Value Degree of freedom Asymmetric. Significance. 

Pearson Chi-Square 15.799(a) 8 0.045 
Likelihood Ratio 18.222 8 0.020 
Linear-by-Linear 2.796 1 0.094 
N of Valid Cases 72   

9 cells (60.0%) have expected count less than 5. The minimum expected count is 71. 
 

Table: 4 Directional Measures 
 

 Value Asymp. Approx. Approx. 
Nominal       by    Lambda Symmetric 0.064 0.093 0.676 0.499 
  Type of 0.116 0.085 1.306 0.191 
  Annual income 0.000 0.128 0.000 1.000 
 Goodman and Type of 0.074 0.035  0.007(c) 
  Annual income 0.096 0.036  0.091(c) 
a Not assuming the null hypothesis. B Using the asymptotic standard error assuming the null 
hypothesis c based on chi-square approximation 
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Table: 5 Symmetric Measures 
 

 Value Approx. Sig. 
Nominal by Nominal Phi 0.468 0.045 

Cramer's V 0.331 0.045 
Contingency Coefficient 0.424 0.045 

N of Valid Cases 72  
A) Not assuming the null hypothesis. 
B) Using the asymptotic standard error assuming the null hypothesis 

 
In case of marketing the respondents are selling their products through different channels as 
depicted in Figure 3. Forty seven percent of the respondents who have a very small scale of 
production sell their products directly from their home. Local customers come to their home 
for purchasing products like egg, meat, milk etc. Those who have a bit larger scale of operation, 
generally sell through intermediaries, wholesalers or retailers. Thirty three percent of the 
respondents sell through intermediaries. There are a fairly good number of respondents who 
are losing their profit margin due to the involvement of intermediaries. Sixteen percent of the 
respondents sell through retailers and only four percent through wholesalers. 
 

 
Figure 3 Selling patterns of respondents. 
 
The common problems in marketing of livestock products are shown in Figure 4. The common 
problem is found to be of distress sale. Twenty eight percent of the respondents faced the 
problem of distress sale. Twenty one percent of the respondents reported that their product 
was not accepted by the customers. The reason is they are producing Rhode Island Rhode 
(RIR) breed of poultry birds which is not as acceptable as broilers for meat purpose. For meat 
purpose customers’ preference is broiler and indigenous breed but RIR breed is not so popular 
among them. 
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Figure 4.Common problems in marketing livestock products. 
 
Eighteen percent of the respondents got less price for their products due to the presence of 
intermediaries in the marketing channel and lack of bargaining power. Fourteen percent of the 
respondents faced the problem of high transportation cost followed by twelve percent who 
faced the problem of distance of market from their locality. The remaining seven percent of the 
respondents don’t have proper market intelligence for selling their products. 
 
The major cause of the distress sale is diseases and mortality of animals. Amongst the total 64 
percent of the respondents reported that diseased conditions of the animals are the cause of 
distress sale of livestock products whereas 22 percent of the respondents said that the lack of 
bargaining power is the root cause of distress sale. Remaining 14 percent of the respondents 
have to undergo distress sale because of wrong market information.  
 
The main problem in transportation lies with low volume of production level. 63.49 per cent 
respondents reported that they have too low production level to transport it to organized 
markets. Low volume of production level ultimately makes the cost of transportation dearer. 
31.94 per cent respondents reported the cost of transportation is very high.  They prefer to sell 
the products from their home instead of carrying it to local markets. 23.61 per cent respondents 
reported carrying the products to local markets was a time consuming affair. They used to do 
other works (cultivation) during that time. 06.94 per cent respondents reported lack of market 
information was a major constraint of transportation.    
 
For mitigating the above problems, a demographic profile of the target markets was prepared 
to know the preference of the SHG members for selling their products in the best market of 
that area. A preferential ranking of the local markets were taken from the SHG members, 
showing the market which is preferred most by the respondents for selling their products. In 
Figure 6 Sehera Bazar Haat was ranked first by most of the respondents followed by Jamalpur 
Haat and Palasan. So it can be inferred that SeheraBazar Haat is the most preferred market 
where the SHG members are willing to sale their livestock products.  
 



Ethiopian Society of Animal Production 2012 

 

390  
 

 
 

Figure 6 Preferential ranking of the local market 
 

Challenges and Opportunities in Poultry Products Marketing 
 

Challenges 
 
In India, Eggs are still transported in open condition and in un-refrigerated vehicles. The entire 
chain of distribution and physical handling up to consumer is in open climate exposed to 
varying temperatures of seasons and agro climatic conditions. Shelf life of eggs is therefore 
restricted to 11-14 days in summer and 18-20 days in winter. The egg is still sold as a commodity 
in India and purchased by consumer mostly from shop next door for daily needs i.e. Pan shops, 
kirana stores, bakeries etc. India with a 11-12 crores daily egg production and with over its 70% 
of human population living in villages each with 500 – 2000 population per hamlet is located 
across the length and breadth of country in over 6,27,000 villages (Annexure-II). It is a 
marketer's nightmare to ensure sufficient availability of Eggs to consumers as it is a perishable 
product, to be made available in vast number of shops and stocked sufficient to meet daily 
needs of consumers. 

Opportunities 
 
Because of the location of farms in semi urban and urban centers and poultry traditionally 
developed in concentrated pockets in AP, TN, Punjab & Haryana and Maharashtra, the 
availability of eggs is high in few states in Urban and semi urban centers, but in rural centers 
and rest of the country, the availability is low. There is a vast scope to tap the rural markets 
and NE states where consumption is low because of poor availability. Sufficient number of 
sales outlets for eggs in interior villages will ensure in improving the per capita consumption of 
eggs. To tap the egg market potential in villages, more number of outlets by farmers needs to 
be opened in villages.  
 
 Even shell eggs free of antibiotics and pesticide residues could be exported to Japan, Fast 

East and Europe, which is currently sourcing at a high price from USA, Europe and other 
countries. 
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 According to Mr.Geoff Fairhurst, Poultry Economist, USA who conducts regularly a world 
survey to find out the Competitive status of different countries for Egg production, India is 
ranked first in 48 countries or competitively the best due to its low cost of production 
(Annexure-III) Further, India is geographically ideally located to cater to the Middle East 
and Far Eastern countries for shell eggs. Therefore vast scope exists to increase the export 
of shell eggs to Middle and Far Eastern countries. 
 

 India is exporting egg powders meeting strict quality norms of EU. While Egg powder 
from India is well accepted in EU, Japan and Far-East, the big layer farmers in India need 
topromote and tap the potential for shell eggs from India allaying the fears of pesticide 
and antibiotic residues. 

 Eggs in Mid-day meal scheme:  
 

Egg is a balanced food item that cannot be adulterated. The infertile egg produced in the 
modern farms is accepted as a part of vegetarian diet by a majority of population. The Supreme 
Court has advised all States to implement the mid day meals scheme. Mid day meal scheme is 
implemented in certain states like Andhra Pradesh, Tamilnadu, and Maharashtra etc. In AP, 
there are about 75 lakhs school children who are covered under mid-day meal scheme. Even if 
one egg per child per week is served, the egg consumption will increase by 33 crores per annum 
in AP alone. Similarly, if eggs are served in all the states, the egg consumption could spurt by 
more than 500 crores per annum. Egg need to be made compulsory under the mid-day scheme 
once a week to school children in all states which would improve the health status of the under 
privileged children, and improve the attendance in schools and academic standards, besides 
help in increasing the per capita egg consumption and maintaining remunerative price for 
eggs. 

Chicken Marketing Constraints 
 
The three major constraints in marketing village chickens were identified as low prices (72.0% 
of the respondents), low marketable output (57.3% of respondents) and long distances to 
reliable markets (26.6% of the respondents (Table 6).  
 
Table 6. Chicken marketing constraints in traditional village markets 
 
Constraint n=150 Percent 
Low prices 104 72.0 
Low marketable output 82 57.3 
Reliable markets very far 38 26.6 
Limited market outlets 24 16.1 
Lack of buyers 14 9.1 
Disease outbreaks 12 8.4 
No problem 11 7.7 
Lack of marketing information 4 2.8 
Theft 1 0.7 
Lack of capital 1 0.7 
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Constraints that farmers face in chicken marketing have been attributed to the nature of the 
production system. Minga et al.(2000) reported that the nearly zero-input extensive husbandry 
system, to which free-range local chickens are subjected, cannot be expected to have any 
significant output The supply of indigenous chickens is therefore frustrated by absence of 
adequate quantities under the low management regimes typical of the smallholder farming 
sector (Kusina and Mhlanga 2000). The low marketable output generates limitations to explore 
other distant but rewarding markets due to high transaction costs arising from high 
transportation costs and time involved. Consequently, chickens are sold within the villages 
where market outlets tend to be limited and trader cartels erode their bargaining power. The 
prices, which markets generate, are the means through which they determine what and how 
much is produced from finite resources, which methods are used in production and how 
products are distributed (Scarborough and Kydd 1992). Therefore, access to input and output 
markets by rural households needs to be improved so that they can be assured of reasonable 
prices for the wide range of products from which they earn a living (Deborah and Sissoko 
1992). 
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Conclusions and Recommendations  

 
1. Sehera Bazar haat which is ranked first by the respondents is the best market for selling 

the livestock products, produced by the SHG members in I and II block of Burdwan 
district of West Bengal. So, all the SHG members are suggested to sell their products in 
Sehera Bazar haat for getting more profit.  

2. Special up and down shuttles of lorry or bus should be rolled on from each GP to the 
Sehera Bazar haat especially on haat-days. It will mitigate the transportation problem 
and motivate the SHG members to sell their products in organized markets. Ultimately 
the marketing channel will be shortened by avoiding the intermediaries and the SHG 
members will get a fair share in the consumer price. 

3. RIR breed of poultry should be promoted for making it popular and acceptable to the 
customers. Bulk supplies can be made to the government organizations.  Local festivals 
can be targeted for sale to achieve mass penetration. Thus promotion of RIR breed of 
poultry to deep pockets will increase the sales as well as profit of the SHG members. 

4. As the level of income is significantly related to the type of enterprises so mixed type of 
farming should be practiced to get better returns. 

5. Preventive care should be taken during rearing of animals to avoid distress sale. 
6. Unproductive animals should immediately be disposed off to reduce the cost of 

production. 
7. Rural assemblers, assembler-retailers and retailers are the three main key players 

involved marketing of poultry. 
8. Rural assemblers in the village chicken marketing earn the highest profit margins 

compared to the other market players. 
9. The major chicken marketing channels are direct Producer-Consumer (PC), Rural 

Assembler-Retailer (RA-R) and Assembler-Retailer (AR) channels. 
10. Highest farm gate prices were obtained using the Assembler-Retailer channel (AR) 

channel while the lowest farm gate price was obtained using the Producer-Consumer 
channel (PC). 

11. Low prices, limited market outlets, long distances to reliable markets and low 
marketable output are the major problems affecting chicken marketing while disease 
outbreaks, especially, New Castle Disease, are the major production constraint. 

12. Improvements in production and marketing systems would lead to improved 
marketing of eggs and chickens in rural areas. 

 
 
 
 
 
 
 
 
 
 



Ethiopian Society of Animal Production 2012 

 

394  
 

References  
 

1. Deborah S and Sissoko K., 1992. Sources and Transfers of Cash Income in the Rural 
Economy: The Case of Smallholder Mixed Farmers in the Semi-Arid Zone of Mali. 
Proceedings of the International Workshop on Livestock Production in Rural 
Development: Development of Livestock Policies. Wageningen, the Netherlands 20-31 
January 1992. C.P. Gootjes, G. den Hertog, R. de Jong, A.J. Nell (editors). pp 221-229. 

 
2. Dipin Das., 2008. “Evaluation of Existing Marketing Practices of Livestock Products by 

Self Help Groups in Raina – I and II of Burdwan District”; MBA project report. 
 

3. District Committee Report on SGSY movement (2007), Published by Burdwan Zilla 
Parisad, Govt. of West Bengal. 

 
4. Gupta Subrata, 2007. A silent revolution: Impact of women Self Help group programme 

in West Bengal, Thesis of MBA in public service, International Development 
Department School of Public Policy, University of Birmingham, September, 2007.  

 
5. Jhunjhunwala Bharat, 2005. Turning SHGs into sustainable business enterprises, Hindu 

Business Line,  
 

6. Kusina J and Mhlanga J., 2000. Smallholder Poultry Production in Zimbabwe. 
Proceedings of a Workshop on Possibilities for the Smallholder Poultry Projects in 
Eastern and Southern Africa. Morogoro, Tanzania. May 22-25, Ppp 51-61. 

 
7. Minga U .M, Yongolo M. G. S, Mtambo M. M. A., Mutayoba S. K., Lawrence P., 

Mwalusanya N. A., Katule A. and Mlozi M RS., 2000. The Potential for Rural Poultry 
Production and Health in Africa. Proceedings of a Workshop on Possibilities for the 
Smallholder Poultry Projects in Eastern and Southern Africa. Morogoro, Tanzania. May 
22-25, Pp 83-94. 

 
8. Ministry of Rural Development, Govt. of India, Annual Report, 2007. 

 
9. Prakash R. and Nehru, S.M., 1998. Marketing produce through self help groups in 

Kerala, ILEIA NEWSLETTER, December 1998, Cochin 16, India. 
 

10. Scarborough V. and Kydd J., 1992. Economic Analysis of Agricultural Markets: A 
Manual. Chatham, U.K.: Natural Resources Institute (N.R.I.). NRI Marketing 
Series 5. pp 1-83. 

 
11. Singh Awadhesh Kumar, 2007. Functioning and performance of Swashakti and 

Shyamshiddha projects in India, A report submitted to Planning Commission, 
Government of India.  

 



Livestock Products Processing and Marketing  2012 

 

 395 
 

Short Note Report on the Camembert and Ricotta Cheese Making Technology 
 

Habtamu Abera1 and Kitheka Mutua2 
 

1 Bako Agricultural Research Center P.O.Box 03, Bako, Ethiopia Email: HMaassee@gmail.com 
and 2 Kenya Email: kbonifacem@yahoo.com 

 
Abstract  

 
The study was conducted to determine chemical, physical and microbial properties of 
camembert and ricotta cheeses and whey. The protein content of camembert and ricotta 
cheese and whey were determined Kjeldahl methods. The fat content was determined by 
the Rose Goalie method for whey and Gerber–Roeder methods for camembert and ricotta 
cheese, respectively. The lactose content was determined by Luff-Schoorl method. Textural 
properties were measured with an Instron Universal Testing Machine, Table model 1140 
(Instron Ltd High Wycombe, Bucks, U.K.), operating in the compression mode. The ash 
and dry matter contents were determined by drying at 1050C to a constant weight. The dry 
matter, ash, fat, protein and lactose contents of camembert and ricotta cheese and whey 
were 43.12%, 2.22%, 20.95%, 18.79% and <3.6% and 29.8%, 0.59%,7.0%, 16,3% and <3.6% 
and 7.3%,0.38%,0.63% ,0.77% and <3.6, respectively. Texture is one of the most important 
quality parameters that determines the identity of a cheese and greatly affects its consumer 
preference. Six samples of camembert cheese analyzed for Lactic acid bacteria and total 
plate count showed 100 % and 83 %  < 10 Colony Forming Units,  respectively. Whereas, 50 
% of the samples analyzed for moulds and yeast showed >300 Colony Forming Units. This 
was attributed to the antagonistic/inhibitory effect of Penicilium candidum (P. 
camemberti) that was sprayed to enhance ripening of the cheese as it suppresses growth of 
other bacteria. Therefore, chemical analysis indicated that adding of some ingredients 
during processing changes the chemical contents of cheese and whey. Therefore, the 
present results revealed the chemical properties of the determined by the type cheese, 
starter and time ripening. Therefore, addition of Geotrichum candidum and spraying of the 
camembert with Penicilium candidum are paramount in ripening of the cheese and 
inhibition of growth of microorganisms (lactic acid bacteria). 

 
Key words: Camembert, Cheese and Ricotta 

 
Introduction 

 
Cheese is one of the most popular food products consumed in Europe, Asia, Africa and 
America. It is high in protein, calcium and essential fatty acids. The history of cheese dates 
back thousands of years - with the techniques and cultures often taken from one society to 
another by conquering forces. There are different varieties of cheeses (Edam, Gorgonzola, 
Gouda and Camembert). The individual characteristics of each cheese variety are due to the 
type of milk, the microbial starter, culture and the procedure used (Kosikowski and Mistry, 
1997). Camembert is a soft, creamy, surface-ripened cow's milkcheese 
(http://en.wikipedia.org/wiki/Camembert). Robinson (1995) reported that camembert is a semi 
hard to soft cheese, growing softer and creamier as it ages and  often appears on dessert 
platters, although it is also excellent smeared on bread with picnic lunches, and is occasionally 
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roasted as well. A fully aged Camembert will be creamy to the center, with no rough texture. 
While young camembert can be eaten, it tastes the best when it has matured all the way 
through and has gained a slightly runny texture. Camembert is made from fresh raw milk that 
is warmed and combined with rennet, which causes it to curdle. The curds are ladled into 
cheese forms which are allowed to drain for a full day, periodically being rotated so that both 
sides of the cheese will drain. After the curds have firmed slightly, they are removed from the 
molds and salted before Penicilium camemberti is added 
(http://en.wikipedia.org/wiki/Camembert). The cheese takes approximately 12 days to ripen, 
after which it is aged before being sold. Several species of Penicillium play a central role in the 
production of cheese and of various meat products. Penicilliumcamemberti and 
Penicilliumroqueforti are the molds on Camembert, Brie, Roquefort and many other cheeses 
(http://www.wisegeek.com/what-is-camembert-cheese.htm). Penicilliumnalgiovense is used to 
improve the taste of sausages and hams and to prevent colonization by other moulds and 
bacteria. In addition to their importance in the food industry, species of Penicillium and 
Aspergillus serve in the production of a number of biotechnologically produced enzymes and 
other macromolecules, such as gluconic, citric and tartaric acids, as well as several pectinases, 
lipases, amylases, cellulases and proteases (Masui and Yamada, 1996). Ricotta is made from re-
cooked whey and the word "ricotta" means "re-cooked" in Italian. It forms when proteins from 
the whey separate, rise and coagulate. The objective of the study was to determine chemical, 
physical and microbial properties of camembert and ricotta cheeses and whey. 
 

Methodology 
 

Raw Materials 
 

The following ingredients were used: 
 10 kilograms of Standardized milk – 3.5 % fat (Skimmed Milk 9.0909Kgs - 0.05% 

fat content and  cream 0.9090Kgs – 38% fat content) 
 0.11grams of  starter culture 
 0.3666 grams of Geotrichum candidum culture 
 3.5 ml of rennet 
 Spraying culture containing Water (200ml), Sodium Chloride (0.9g), 

Glucose(0.2g) and Penicilium camemberti 
 

Chemical Analysis 
 

The protein content of camembert and ricotta cheese and whey were determined Kjeldahl 
methods (Egan et al., 1984 and Ribadeau and Grappin, 1989). The protein content was 
calculated as 6.38 conversation factors. The fat content was determined by the Rose Goalie 
method for whey and Gerber–Roeder methods for camembert and ricotta cheese, respectively 
(Referent method, 1988). The lactose content was determined by Luff-Schoorl method 
(ACHER, 1969).The ash and dry matter contents were determined by drying at 1050C to a 
constant weight (Williams, 1984). 
 
 



Livestock Products Processing and Marketing  2012 

 

 397 
 

 Microbiological Analysis 
 

Total plate count, lactic acid bacteria and yeast and mould were analysed using the stipulated 
munual  of Ghent University. 

 
Texture Analysis 

 
Textural properties were measured with an Instron Universal Testing Machine, Table model 
1140 (Instron Ltd High Wycombe, Bucks, U.K.), operating in the compression mode. 
Cylindrical samples were prepared from camembert and Gouda cheese block, using a metal 
borer of the same inner diameter as the diameter of the samples. Test piece dimensions were 
20 mm both in diameter and height. The data were analyzed by Microsoft excel.  
 
Table 1. Chemical and Physical Analysis of Raw Milk, Skimmed milk and Cream 

 
Parameter Raw milk Skimmed milk Cream 
Dry Matter (%) 12.85 8.940 41.560 
Ash Content (%) 0.600 0.7440 0.4690 
Fat Content (%) 4.12 0.050 38 
Protein Content (%) 3.28 3.120 1.840 
Lactose Content (mg) <3.6 6.930 <3.600 
 
Table 2. Microbiological Analysis of Raw Milk, Skimmed Milk and Cream 

 
Microorganism Raw Milk Skimmed Milk Cream 
Lactic acid bacteria 6.8 x 105 3.2 x 106 1.43 x105 

Total plate count 2.93 x 106 8.20x 106 1.74 x 105 
Moulds and Yeast 3.85 x103 2.8 x 105 3.7 x101 
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Camembert Cheese Production Process 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9.  Schematic Presentation of Camembert Cheese Production Process 
 
 

 

0.11gms of starter culture &0.3666 gms 
Geotrichum candidum were added. 

Stirred at 340C (initial Ph – 6.65). 3.5 
ml–rennet was added after 30 min.  

Raw fresh milk 
o

Centrifugation  
Cream Separation  

 45-54oC 
 

9.0909Kgs of Skimmed milk (0.05%) fat 0.9090Kgs of Cream (38%) Fat 

Pasteurization (74oC for 15 Seconds) 

10 Kgs of Standardized Milk (3.5% Fat) 

Cooled to 34oC in H2O Bath 

7.8 Kgs of Whey was produced 1.1538 Kgs of Camembert Cheese was 
produced 

Curd was cut after 50min. 
and left for 30 min. 
undisturbed then 
Draining of whey 

Kept at 14oC to 15oC and sprayed with a ripening Culture solution 
(200ml of H2O, 2 doses of Penicilium candidum, 0.9gms NaCl & 0.2 

Gms glucose) after 16 hours. Left to ripen within 21 Days. 
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Table 2. pH reading during processing 
 

 Time Interval (minutes) pH  
1. 10 6.522 
2. 20 6.494 
3. 25 6.489 
4. 30 6.487 
3.5 ml of rennet was added after 30minutes 
5 40 6.492 
6 45 6.457 
7 50 6.440 
 
The curd was then cut after 50 minutes to about 2cm cubes and left for 30 minutes 
undisturbed. Whey was then drained and the curd put into moulds and kept at room 
temperature over night. 

 
 Preparation of Inoculants 

 
A ripening/ maturation solution culture was prepared comprising of 200 ml of water 
Penicilium Camemberti commonly known as Penicilium candidum, 0.9 grams of Sodium 
Chloride (NaCl) and 0.2grams of Glucose. The solution was kept at 50c for sixteen (16) hours. 
The cheese was turned after eight (8) and six (6) hours and then sprayed with the ripening 
solution culture after sixteen (16) hours. 
 

 
Figure 10. Camembert cheese ripening 
 
It was then stored at a temperature range of 140c to 150c and relative humidity of  90 – 95% for 
one day and the pH was determined as 4.776 at 16.7 0c. The cheese was then kept under the 
same condition for ripening to take place within 21 days. 
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Ricotta Cheese 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11.  Schematic Presentation of Ricotta Cheese Production process 

 
Results and Discussion  

 
Chemical and Physical Analysis 

 
Chemical and physical (Dry matter content, Fat content, Protein Content and Lactose Content) 
analysis of Camembert Cheese, Whey and Ricotta were presented in table 3. 
 
Table 3. Chemical content of camembert and ricotta cheese and whey 

 
 Parameter Camembert Ricotta Whey 
1. Dry Matter (%)  43.1200 29.8097 7.2943 
2. Ash Content (%) 2.2191 0.5925 0.3882 
3. Fat Content (%) 20.9512 7.0131 0.6326 
4. Protein Content (%) 18.7908 16.2648 0.7771 
5. Lactose Content (mg) <3.6 < 3.6 <3.6 

1.95 Kgs of Skimmed Milk (1/4 of 
the mass of whey)  

9.75Kgs of the Mixture was 
heated in a pot to 930C and 

then removed from heat 60ml of Vinegar added while stirring- No 
coagulation observed after 50min. 30 ml 
more were added - no coagulation after 
30min. 30ml more were added and the 
mixture left in cold room for 8 hours. 

Ph determined as 4.793 at 6.10C and 
drained using cheese cloth for 3 hours 

0.6350 Kgs of 
Ricotta were 

8.190 Kgs of whey 
were produced 

7.8 Kgs of Whey 
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Table 4.  Comparison between raw materials and the end products 
 

Chemical 
parameters 

Raw materials   End products 
Raw 
milk 

Skimmed 
Milk 

Cream  Camembert Ricotta Whey 

Dry Matter 
(%)  

12.85 8.940 41.560  43.1200 29.8097 7.2943 

Ash Content 
(%) 

0.600 0.7440 0.4690  2.2191 0.5925 0.3882 

Fat Content 
(%) 

4.12 0.050 38  20.9512 7.0131 0.6326 

Protein 
Content (%) 

3.28 3.120 1.840  18.7908 16.2648 0.7771 

Lactose 
Content 
(mg) 

2.76 6.930 3.600  <3.6 < 3.6 <3.6 

 
The dry matter, ash, fat, protein and lactose contents were presented in Table 4. The dry 
matter content of camembert cheese was disagreement with Hill (1995) the reported that 
48.2% for camembert and 44.2% for feta cheese. The difference may be explained time of 
ripening and the methods they used.  The lower dry matter contents have been reported for 
milk (17%). The ash content of camembert cheese (2.22%) was higher than ricotta cheese 
(0.59%) and whey (0.388%). The results showed lower values than Hill (1995) findings for 
camembert, Gouda, feta and blue cheese. Similarly, the fat contents were lower than the 
literature review Table 1.The protein content of cheese and whey were confirmed by Hill 
(1995). Analysis of Lactose Content for the three products showed < 3.6 which is consistent 
with the findings of Hill (1995). Previous studies showed lactose content of camembert and 
ricotta cheeses as 0.5 and 3.0 %, respectively Hill (1995). The dry matter content of camembert 
and ricotta cheeses was higher than raw and skimmed milk, whereas dry matter of cream was 
comparable with the camembert cheese. However, dry matter content of whey was relatively 
similar with that of raw and skimmed milk. Comparison of ash of content of camembert cheese 
(2.2%) and that of the raw materials: raw milk (0.60%), skimmed milk (0.74%) and cream 
(0.47%), showed that camembert had a percentage higher fat content. Analysis of protein 
content showed a higher percentage of protein (18.7908%) in camembert cheese as compared 
to the raw materials (raw milk - 3.28%, skimmed milk - 3.120% and cream-1.840%).  
 
Generally, the variations in chemical composition between the raw materials and end products 
were attributed to the fact that determination of the chemical composition of the end products 
was on dry matter basis as most of the water had been drained as part of whey during cheese 
making.  
 

 Microbiological Analysis of Camembert and Ricotta Cheese and Whey 
 

Microbiological Analysis of Camembert and Ricotta Cheese and Whey  was done using the 
stipulated procedures for Lactic acid bacteria, total plate count,  yeast and moulds  and results 
presented as shown below: 
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Figure 12. Yeasts and moulds 
 
Six samples of camembert cheese analyzed for Lactic acid bacteria and total plate count 
showed 100 % and 83 % < 10 Colony Forming Units,  respectively. Whereas, 50 % of the 
samples analyzed for moulds and yeast showed >300 Colony Forming Units. This was 
attributed to the antagonistic/inhibitory effect of Penicilium candidum (P. camemberti) that 
was sprayed to enhance ripening of the cheese as it suppresses growth of other bacteria. 
Geotrichum candidum that was used as one of the starter cultures for flavour and aroma 
development, has the same effects but not as strong as Penicilium candidum. Combination of 
the two enhances synergistic effect on ripening of cheese. Sterile working conditions and 
addition of sodium chloride in the ripening solution also contributed greatly towards the low 
levels of colony forming units. 
 
Ricotta samples analyzed showed 83% < 10Colony Forming Units for lactic acid bacteria and 
100 % < 10 for total plate count and moulds and yeasts. Whereas, those for whey indicated 
100% < 10 Colony Forming Units for lactic acid bacteria, total plate count and yeast and 
moulds. Therefore, addition of Geotrichum candidum and spraying of the camembert with 
Penicilium candidum are paramount in ripening of the cheese and inhibition of growth of 
microorganisms (lactic acid bacteria). However, there is need for further research on the 
quantity of ripening solution (Containing Penicilium candidum) that should be sprayed per 
unit kg of cheese. 

 
Texture Properties of Camembert Cheese 

 
Texture is one of the most important quality parameters that determines the identity of a 
cheese and greatly affects its consumer preference. These variables were highly correlated with 
sensory attributes such as hardness, brittleness, cohesiveness, and adhesiveness (Antoniou et 
al., 2000). The parameters considered were hardness, fracture force, adhesiveness, stiffness, 
cohesiveness, springiness, gumminess and chewiness of camembert cheese. Camembert cheese 
was analyzed for these parameters and compared with Gouda cheese as shown in the Table 10. 
Comparison of textural properties of camembert and Gouda cheese showed that Gouda cheese 
is harder than camembert cheese as indicated by the force required to cause deformation. This 
scenario is expected in that during the process of Gouda cheese making, pressing is usually 
done which is not the case with camembert cheese. The results also showed that Gouda cheese 
had high values for textural parameters such as cohesiveness, chewiness gumminess but low 
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for adhesiveness as compared to camembert cheese. This was attributed to low moisture 
content in Gouda cheese as compared to camembert cheese. This is in accordance to the 
findings of Fox et al. (2000) who found that increasing moisture content yields processed 
cheeses that are more adhesive. These textural differences were also attributed to the fact that 
camembert is soft cheese while Gouda is semi-hard cheese and again they were of different aes 
in ripening. 
 
Table 5. Texture Profile Analysis of camembert and Gouda cheese 
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Camemb
ert 

14.5 22.7 0.11 6.4 
 

1.29 1.55 0.01 5.12 
 

0.09 
 

0.00 
 

43.3 
 

Non 
spiced 
Gouda (I 
month 
old) 

80.6 
 

45.4 
 

0.13 
 

5.01 0.89 
 

11.28 
 

0.06 
 

0.32 0.43 0.00 310.3 
 

Gouda 
spice 

32.66 22,21 
 

32.66 22,21 
 

0.38 
 0,05 0,38 7,84 0,80 12,43 0,10 0,22 -0,01

 

7.84 0,05 0,38 7,84 0,80 12,43 0,10 0,22 
 

0.80 12.43 0.10 
 

0.22 -0.01 
 

0.00 
 

43.52 
 

 
Conclusion and Recommendations  

 
In general, chemical analysis indicated that adding of some ingredients during processing 
changes the chemical contents of cheese and whey. Therefore, the present results revealed the 
chemical properties of the determined by the type cheese, starter and time ripening. Therefore, 
addition of Geotrichum candidum and spraying of the camembert with Penicilium candidum 
are paramount in ripening of the cheese and inhibition of growth of microorganisms (lactic 
acid bacteria). However, there is need for further research on the amount of maturation/ 
ripening culture (Penicilium candidum) that should be sprayed per unit weight of cheese. The 
available literature hardly provides such recommendation. In Ricotta making, there is need for 
further research to determine the exact volume of vinegar that should be added per unit 
volume/kilogram of whey as the available literature does not quantify such. 
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Abstract 
 

A study was conducted in three selected milk shed areas in the central highlands of Ethiopia 
namely: Holeta, Selale and Debre Brhan to assess the marketing system of milk and milk 
products. A total of 173 smallholder milk producers (74 from Holeta, 50 from Selale and 49 
from Debre Berhan) were interviewed to collect the required data. The majority (56.8, 70 and 
63.3%) of the respondents in Holeta, Selale and Debre Brhan, respectively sold their milk to 
cooperatives and a substantial proportion (37.8, 20 and 24.5%) to processors. Most households 
(58.1 and 66.2%) in Holeta sold butter and Ayib (Ethiopian cottage cheese), respectively 
traveling about 7km to sell butter and 4.5km for Ayib. In Debre Berhan, butter was reportedly 
sold by 77.6% of the respondents. The transaction of fresh whole milk for most of the 
respondents 56.8, 66 and 63.3% in Holeta, Selale, and Debre Brhan, respectively) was based on 
contractual agreement. The mean monthly price of whole milk, butter and Ayib from 
September 2008 to August 2009 was respectively 3.7 birr/liter, 51.1 birr/kg and 14.9birr/kg in 
Holeta; 3.6 birr/liter, 53.8 birr/kg and 6 birr/kg in Selale; and 3.5 birr/liter, 64.5 birr/kg and 5.3 
birr/kg in Debre Brhan. The price of whole milk was similar in the three milk shed areas, while 
that of butter was higher in Debre Brhan and Ayib in Holeta. The sale of milk and milk 
products make a substantial contribution to the smallholder household income in the study 
areas. However, to lift the subsistence type of milk production to commercial level, making 
improvement interventions particularly in putting an effective and operational marketing 
system in place is essential. To bring this into effect, key partners engaged at different stages in 
the dairy value chain need be well organized and linked.  

 
 Keywords:   Marketing, Milk, Milk Products, Price, Central Highlands, Ethiopia 

 
 Introduction 

 
As in the case elsewhere, in Ethiopia, livestock are important sources of food and income. 
Though dairy production makes an important part of the livestock production system, it has 
not been fully exploited and promoted. Consequently, it remained mainly of subsistent type 
that largely based on indigenous breeds of cattle (Tegegn and Gebre Wold, 1997). The main 
livestock species that supply milk are cattle, camel, and goats. Cows contribute 81.2% of the 
total milk output (Felleke, 2003). 
 
The Ethiopian dairy sector has undergone through a few distinct phases that correspond to 
political regimes; the imperial regime (1960-1974) characterized by a free market economic 
system and the emergence of modern commercial dairying, and the socialist Derg regime 
(1974-1991) characterized by a centralized economic system and state farms. The current phase 
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(1991 to present), follows market liberalization and the dairy sector appears to be moving 
towards a takeoff stage as it is characterized by the transition towards market-oriented 
economy (Ahmed et al., 2003).  
 
In courtiers such as Ethiopia, the smallholder dairy production system is a powerful means of 
raising farm incomes and welfare (Ahmed et al., 2003). It also creates employment generation 
from high-value dairy products (Staal, 2001).  
 
As reported by Tegegn and Gebre Wold (1997) milk and milk products are one of the major 
food requirements in Addis Ababa. Ethiopia’s per capita consumption of milk is as low as 17 kg 
per head as compared to the average figure for Africa with an average of 26 kg per head (Gebre 
Wold et al., 2000). However, the increasing demand for the continuously increasing human 
population, particularly in urban centers couldn’t be supported by this system of production. 
 
Liquid milk, butter, Ayib (Ethiopian cottage cheese), Ergo (Ethiopian naturally fermented milk) 
is the common products available in the market. Contamination is high because in this 
traditional system, milk production has low levels of technology in controlling contamination 
and the spread of micro-organisms. In areas where formal milk marketing is operational, the 
risk is minimized somehow. However, the distribution centers for this system are still not 
developed to assist in proper handling and storage of the product in an appropriate 
environment before selling (Sida, 2007). And as reported by Yilma et. al.,(2007), due to the lack 
of proper regulations on production and marketing of milk products coupled with lack of 
proper handling of products in the traditional system, marketing and consumption of such 
products may represent a potentially health and financial drawbacks thus needs a due 
consideration by the concerned.   
 
As indicated by Yilma et al. (2011), milk and milk products in Ethiopia are channelled to 
consumers through both formal and informal marketing systems. About 95 percent of the 
marketed milk at national level is channelled through the informal system. In this marketing 
system, milk and milk products may pass from producers to consumers directly or through one 
or more market agents. Producers sell the surplus milk produced to their neighbours and/or in 
the local markets, either as liquid milk or in the form of butter and/or Ayib (O’Connor, 1994). 
This system is characterized by no license to operate, low cost of operation, high producer 
prices as compared with formal market and no regulation of operation (SNV, 2008). In the 
formal system, milk is collected at the cooperative or private milk collection centres and 
transported to processing plants. In this system, basic milk quality tests are performed upon 
delivery, thereby assuring the quality of milk. This has encouraged the producers to improve 
the hygiene conditions, storage and transportation of the milk in order to avoid rejection of the 
product on delivery to collection centres. The formal milk market appears to be expanding 
during the last decade with the private sector leading the dairy processing industry in Addis 
Ababa and other major regional towns (Yilma et al., 2011). 
 
In order to make a difference in the Ethiopian dairy sector research and development 
interventions have to be made at all stages of the dairy chain in a well coordinated manner. 
The marketing system is one area among others. Understanding the marketing system is 
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essential for making future interventions. This paper therefore presents results of an 
assessment made to understand how the current marketing system of milk and milk products 
operate in selected milk shed areas in the Ethiopian central highlands.  

 
Material and Methods 

 
   Study Location 

 
The study was conducted among selected dairy farmers located in and around Holeta, Selale 
and Debre Brhan areas. These areas are reported to have high potential for dairy production 
and are situated in the central highlands of Ethiopia. Holeta is located 45 km West of Addis 
Ababa. The area is situated at an altitude of 2400 m above sea level (m.a.s.l) and receives an 
annual rainfall of 1100mm with an average maximum temperature of 21.3°c. The altitude of 
Selale ranges from 2500 to greater than 3000 m.a.s.l. Selale receives an average annual rainfall 
of 1200 mm with average minimum and maximum temperatures of 6 and 21°C, respectively. 
Debre Brhan is located 130 km North of Addis Ababa. Milk collection, processing and 
marketing cooperatives, and other agencies associated with the dairy chain of the study areas 
were assessed. 

    
 Diagnostic Survey 

 
A pre-tested semi-structured questionnaire was developed and used to understand the 
marketing conditions of milk and milk products. The survey was conducted by interviewing 
representative milk producing smallholder household heads. A total of 173 (74, 50 and 49 from 
Holeta, Selale and Debre Brhan, respectively) were purposively selected and individually 
interviewed. These smallholder farmers owned up to 10 cows (local and crossbred). In addition, 
pair-wise matrix ranking was carried out to prioritize constraints where a group of 6 people 
from each site composed of cooperative member and non-member producers, model farmers 
and development agents participated. 

 
   Data Collection and Analysis 

 
Data were collected on household characteristics; frequency of sale of milk and milk products 
particularly butter and Ayib (Ethiopian cottage cheese); market outlets; mode of sale; and price 
and price dynamics of products.  The qualitative data collected were first coded and then 
analyzed using SPSS for Windows (version 14.02) (SPSS, 2003). Descriptive statistical 
procedures namely average, frequency, and percentage were used. The quantitative data 
collected were analysed using the General Linear Model (GLM) procedure of the Statistical 
Analysis System (SAS, 2003). 

 
Results and Discussion 

 
  Characteristics of Household Demography 

 
All the respondents were household heads. The majorities (84.4%) of sampled household 
heads were male of which 96% were within the age range of 20 – 65 years; and among all the 
interviewees, the majority (85.5%) was literate. This could be an opportunity to make 
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development interventions in the dairy as well as other agricultural sectors. Such 
circumstances make provision of trainings and undertaking workshops to promote the 
adoption of new technologies in the areas easier. 

 
   Marketing Systems 

 
Deborah and Berhanu (1991) reported that fresh milk in Ethiopia is distributed both through 
formal and informal marketing systems. When compared with formal market, low cost of 
operation, high producer prices, no license, and no regulation of operation are typical 
characteristics of the informal system (SNV, 2008). About 95 percent of the marketed milk at 
national level is channelled through the informal system (Yilma et al., 2011). Informal 
marketing involves direct delivery of fresh milk by producers to consumers in the immediate 
neighborhood and is also sold to traders or individuals in the nearby towns. Producers sell the 
excess milk produced in local markets either as liquid milk or processed in the form of butter 
or Ayib (O’Connor, 1994).  
 
The formal milk marketing system on the other hand is dominated by privatized processors 
that have their own milk collection centers, processing plants and a distribution network. With 
the intension of avoiding rejection of milk upon delivery to the collection centres and to assure 
its quality, in this system, milk quality tests (principally acidity using alcohol and clot-on-
boiling test, and density) are performed. 

 
In all the study sites, most of the households used formal fresh whole milk market. The 
majority (56.8, 70 and 63.3 %) of the respondents at Holeta, Selale and Debre Brhan, 
respectively sold their milk to cooperatives and some (37.8, 20 and 24.5 %) sold to processors 
(Table 1) namely Lame Dairy (Sholla) and Sebeta agro-industry (Mama). Very few smallholders 
sold fresh whole milk to the nearby local markets (Table 1). About 10 years back, according to 
the report by Yilma (1999), around 57 and 40 percent of smallholder farmers in Holeta and 
Selale, respectively did not sell fresh milk. The share of milk sold in the formal market in 
Ethiopia, which is 2 percent, is much less than that sold in neighbouring countries such as 
Kenya (15%) and Uganda (5%) (Muriuki and Thorpe, 2001). Market appears to be expanding 
during the last decade with the private sector leading the dairy processing industry in Addis 
Ababa and other major regional towns (Yilma et al., 2011).  At Holeta, for instance, about 83% 
of the respondent producers processed the milk into butter and Ayib and marketed and it was 
reported that marketing processed milk products had a 40% financial advantage over selling 
fresh whole milk (Yilma, 1999). However, due to the present high cost of feed and other inputs 
for milk production as well as the increment of milk price might change the attitude of the 
households to sell fresh whole milk than processing. However, the lack of cooling facilities, 
inadequate means of transportation, and poor communication considerably aggravate the 
difficulties of collecting and preserving locally produced milk (Yilma, 2011). The cost of 
production can be mitigated by promoting collective action for milk collection, transportation 
and marketing. 
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Market Outlets 
 

While studying the dairy marketing system within the country, it becomes necessary to 
understand the terms like market outlet, marketing chain, and marketing channel. A network 
of different market channels gives rise to the market chain and the final market place to deliver 
the milk product, where it may pass through different channels is the marketing outlet. There 
are different channels associated with the selling of milk products within the country. As 
observed during the present study, the market outlet channel for whole milk in Holeta, Selale 
and Debre Berhan can be illustrated as indicated below listed in order of their importance: 

i. Producers– cooperatives – processors - consumers 
ii. Producers - processors – consumers 

iii. Producers - consumer 
 
Results of a similar study by Deborah (1990), on the other hand, indicates the following milk 
market channels prevalent in Addis Ababa: 

i. Producer - consumer (P-C) channel 
ii. Producer - catering institution (Hotels, kiosks...) - consumer (P-CI-C) channel, 

and supermarkets 
iii. Producer -government institution -consumer (P–GI–C) channel 

 
While, Sintayehu et al. (2008) in their study of milk marketing channels in the towns of 
Shashemene, Hawassa, Yrgalem, and Dilla identified the following marketing channels: 

i. Producer - Consumer 
ii. Producer - Trader (hotels, tea and coffee houses) - Consumer 

iii. Producer - Cooperatives (producer groups in Shashemene, Awassa, Yirgalem, 
Dilla towns) - Consumer 

 
There are a number of dairy cooperatives that are engaged in the collection, processing, and 
distribution of milk in Holeta, Selale, and Debre Brhan. These dairy cooperatives are the major 
institutions that play an important role in connecting milk producers with processors and 
consumers. According to Asfaw (2009) and Tefera (2008) the main aim of dairy cooperatives in 
Arsi and Debrezeit areas is to link farmers to better market. Tefera (2008) also discussed other 
additional objectives of cooperatives in relation to better access to modern technologies, 
supplementary feeds, and better connections to various actors. The sale of fresh whole milk is 
increasing in response to the increasing demand by collectors and processors. This is 
evidenced by the establishment of additional dairy cooperatives in the study areas that market 
mostly fresh whole milk contrary to the situation reported ten years back (Yilma, 1999). This 
new development also created better access to milk market to producers located in previously 
distant areas. In Selale and Debre Brhan, for instance, producers on average travel about 1.33 
km to supply milk to collection centers and in Holeta they travel only 0.55 km. Better access to 
milk collection centers has direct relation with the time elapsed between production and milk 
delivery thus to the quality of milk. As Francesconi (2006) with his empirical model stated, the 
quality of milk supplied to collection centers can be reduced with increased in distance from 
collection centers.   
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Table 1. Market outlet for whole milk in the three study sites as reported by the respondents 
 
Market out let Holeta Selale Debre Brhan 

Count % Count % Count % 
Cooperatives 42 56.8 35 70.0 31 63.3 

Processors  28 37.8 10 20.0 12 24.5 

Local market 4 5.4 5 10.0 6 12.2 

 
Milk collected at milk collection centers is supplied directly to consumers in the urban towns 
and the surplus is collected by large dairy enterprises such as Lame (Sholla), Sebeta Agro 
Industry (Mama) and Family Milk and transported by bulk tankers to the respective processing 
plants. These dairy enterprises process and pack the fresh milk collected for distribution to 
consumers in urban areas through agents and retailers. Homogenized, pasteurized and 
standardized (2.7–2.8 percent milk fat) milk packaged in half litre capacity plastic packets are 
distributed. 
 
In the current study, two modes of whole milk sales were observed in all the study sites. Most 
of the households (56.8, 66, and 63.3%) in Holeta, Selale, and Debre Brhan sold their fresh 
whole milk on contractual basis (Fig 1). Such a system helps to secure the price of whole milk 
at least for the contract period. However, this type of contractual agreement only considers 
milk price. The volume of milk that should be supplied by producers to collectors is not 
considered. Including milk volume in the contract is likely to encourage farmers to produce 
more and thereby improve their income from their dairy venture. 

 

 
Figure 13. Mode of sale the farmer use to sale whole milk in the three study sites expressed as 
percent of respondents 
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Due mainly to its higher monetary value, in most cases butter is not consumed by producers 
rather traded to generate cash that in turn can be used to purchase other commodities of daily 
need. The small quantity of butter produced at a time may be accumulated to the desired 
volume to be marketed. At Holeta, milk products namely butter and Ayib are reported to be 
marketable products by most of the respondents, while at Selale fresh whole milk is reported 
to be marketed by 80 percent of the respondents (Table 2). At Debre Berhan, on the other 
hand, fresh whole milk is the most frequently sold product followed by butter with the least 
frequently sold product being Ayib (reported only by 2% of the respondents) (Table 2). Butter 
produced at around Debre Berhan is liked by a substantial number of consumers in Addis 
Ababa. Yilma (1999) reported that, in the past about 83% of the farmers in Holeta sold butter 
at varying frequencies. The cause for decreasing in number might be due to the increasing milk 
price coupled with increasing access to fresh whole milk market outlet and increasing demand 
for milk. Nebiyu (2008), on the other hand, reported that the sale of whole milk is almost 
negligible due to preference of processing milk into butter and cottage cheese (76.7%) as well 
as cultural reasons and lack of demand (26.7%). A similar report by Lemma (2004) indicated 
that about 96.7 percent of the respondents in Adami Tulu and Arsi Negelle and 93.3 percent in 
Lume districts did not sell fresh whole milk.  

 
Table 2. Proportion of households that sell milk, butter, and Ayib in the three study sites as 
reported by the respondents (expressed in percent) 
Products  Holeta Selale Debre Brhan 

Frequency % Frequency % Frequency % 
Milk Sell 34 45.9 40 80.0 46 93.9 

Don’t sell 40 54.1 10 20.0 3 6.1 
Butter Sell 43 58.1 13 26.0 38 77.6 

Don’t sell 31 41.9 37 74.0 11 22.4 
Ayib Sell 49 66.2 13 26.0 1 2.0 

Don’t sell 25 33.8 37 74.0 48 98.0 
 

The majority of the households (95.3 and 84.2%) in Holeta and Debre Berhan respectively sold 
their butter at distant markets (Table 3). Similarly, 93.9 and 95.2% of the households sold their 
Ayib at distant markets. On average, producers travel about 4.5 and 7 km to market places to 
sell Ayib and butter, respectively.  

 
Table 3. Market out let for Butter and Ayib in the three study sites as reported by the 
respondents 

Milk products 
 

Market outlet Holeta Selale Debre Brhan 
Count % Count % Count % 

Butter Nearby local market 2 4.7 8 61.5 6 15.8 
Distant market in town 41 95.3 5 38.5 32 84.2 

Ayib 
 

Nearby local market   3 6.1 8 61.5 1 4.8 
Distant market in town 46 93.9 5 38.5 20 95.2 

 
Selling Prices 

 
The mean monthly price of whole milk, butter, and Ayib in the year 2008 to 2009 is presented 
in Figures 2 – 4 below. Generally, milk price increased slightly in similar trend except for the 
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price of Ayib in Holeta that increased from 11.4 to 18.6 birr/kg in the reference period. The 
overall mean prices of whole milk, butter and Ayib were respectively 3.7, 51.1 and 14.9 birr/liter 
in Holeta, 3.6, 53.8 and 6 birr/liter in Selale and 3.5, 64.5 and 5.3 birr/liter in Debre Brhan (Figs 
2 - 4). The higher prices of milk observed in the current study are a good indicator of better 
market access to major cities. A similar situation is also described by Tefera (2008) in Debre 
Zeit. On the contrary, milk price was lower in Mieso farmers where milk is only sold to local 
consumers (Hussen, 2007). The price of whole milk was almost similar in all the study areas, 
while that of butter was the most expensive in Debre Brhan and Ayib in Holeta. The higher 
price of butter in Debre Brhan might be attributed to consumer preference for butter from that 
area. On the other hand, the higher price of Ayib in Holeta might be related to its proximity to 
Addis where the demand is higher due to population pressure and higher purchasing power of 
the divers groups of consumers.   
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Figure 14. Selling price (lit/Birr) of whole milk in the year 2008 to 2009 in the three study sites 
as reported by the respondents 
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Figure 15. Selling price (lit/Birr) of butter in the year 2008 to 2009 in the three study sites as 
reported by the respondents 
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Selling price (kg/Birr) of Ayib/Cheese
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Figure 16. Selling price (lit/Birr) of Ayib in the year 2008 to 2009 in the three study sites as 
reported by the respondents 

 
Fresh whole milk was reported to be the most frequently marketed among the different dairy 
products in all the study areas. This is mainly due to the higher demand for fresh whole milk 
by dairy cooperatives and major milk collectors and processors in and around Addis Ababa 
coupled with the increasing trend of price for fresh whole milk as compared to marketed milk 
products. The majority of the respondents in Selale (80%) and Debre Brhan (93.9%), and only 
a small proportion of respondents in Holeta (45%) sold fresh whole milk (Table 2). As reported 
by Tefera (2008), over 95% of the respondent’s smallholder milk producers in the Debre Zeit 
area reportedly sold fresh milk due to its financial cooperative advantage and higher demand. 
In the contrary, in Metama district whole milk sale is very low, while butter is the most 
marketed milk product (Mengiste, 2007). On average, producers of the current study areas 
travel about 1.33 km to milk collection centers. As observed in the current study, most of the 
respondent households in the Holeta area sold processed milk products mainly butter and 
Ayib (Table 2). This seems to be a function of limited market for fresh milk, preference for milk 
products, and small amount of milk produced daily due to keeping local cows thus to justify 
travelling to market place producers should accumulate milk produced over several day. On 
average, they travel about 7 km to market places to sell butter and 4.5 km for Ayib. Butter was 
also most important market item in Debre Brhan. 

   
Price Factors 

 
A number of factors affect the price and demand of milk products; some major factors are 
season and access to market, fasting and non fasting days, holidays and festivals, supply and 
demand, purchasing ability of urban dwellers, as well as quality vis-a-vis the origin of the 
products (Sintayehu et al., 2008). It has been observed that, there is an increase in demand for 
butter during festivals. During the 40 to 56-day fasting period (March, April, and May) of Lent, 
(practiced by the followers of the Ethiopian Orthodox Church), the demand for milk and milk 
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products is generally low. Other important contributing factor for the higher milk price may be 
is limited access to concentrate feeds and when available their ever increasing cost.  

 
Contraints of Small-Scale Milk Marketing System 

 
 As reported by Woldemichael (2008), dairy marketing in Shashemene, Hawassa and Dale 
areas are constrained by several factors, among others, scale of operations, quality issues, 
limited access to market information, and presence of too many unlicensed dairy traders are 
worth mentioning.  
 
Access to market, luck of improved dairy breeds, milk quality, and volume accepted at the 
market are main factors constraining milk output in the areas of study. Farmers from the study 
sites have limited access to market their products when they have they suffer from lack of 
bargaining power. Producers also suffer from seasonal fluctuation of demand for milk by the 
major collectors/processors. This is mainly true during the fasting seasons and during and for 
some time after the rainy season where milk production increases following better feed 
availability. The quality of milk produced at smallholder system is substandard mainly due to 
absence of cooling facilities coupled with in adequate transportation system. Though proper 
processing facility is needed for product diversification and to improve the shelf life of the 
product, the existing capacity of dairy cooperatives and unions is limited.   

 
Conclusion and Recommendations 

 
Milk and milk products represent an important part in the household income of smallholder 
milk producers. Fresh whole milk in particular brings a regular if not daily income. Freshly 
obtained whole milk was the most important market item among the different dairy products 
in all the study areas considered. In all study sites, most of the households used formal 
marketing sources for the fresh whole milk. The price of fresh whole milk was similar in the 
three study areas, while butter was most expensive in Debre Berhan and Ayib in Holeta. Milk 
price tended to increase over a period of one reference year and the proportion of milk selling 
producers also increased. This is most likely in response to increased demand for milk, 
increasing involvement of private milk collectors and increasing milk price. 
 
Taking into consideration the potential for dairy development in the study areas and the 
amount of milk that can be channeled through the formal marketing system, improvement 
interventions are needed specially in putting an effective and operational marketing system in 
place. The different actors engaged at different stages in the dairy value chain need also be well 
organized and linked. Collective action appears to play a significant role in lifting the 
subsistent type of milk production to commercial level. Therefore, a concerted effort by the 
concerned key players in the milk value chain is needed to promote the formation of dairy 
cooperatives and unions. Through establishing such a system, producers will benefit through 
marketing more milk; collectors/processors and distributors will have the advantage of 
operating at their full capacity and also increasing their intake; and at the other end of the 
value chain, consumers will also benefit via having access to high value food at reasonable 
prices.  
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Abstract 

 
Ayib is acid-heat coagulated fresh cottage type cheese made in most parts of Ethiopia. Its 
processing line and quality varies from place to place. A cross-sectional survey was conducted 
in Shashemene district to understand evaluate Ayib making process efficiency, yield, and gross 
composition. Use of seasoning herbs, hygienic processing, proper cooking, using milk from 
local cows, fumigating milk handling equipments and abstaining from adding water to 
buttermilk during churning were identified as the practices common among the Ayib makers 
to enhance quality and shelf life. On average buttermilk was cooked at 58.40C for 42.7 minutes 
to recover 16.6% of the curd to Ayib with 29% TS and pH of 4.34. It required 6.25 liters of 
buttermilk to produce 1kg of Ayib. The pH, Total Solids (TS), and ash contents were 4.06, 27.9 
%, and 1.2%, respectively. Similar research is recommended in other parts of the country to 
standardize Ayib process method and register the product internationally.  

 
Key words: Composition, Curd Recovery, Ethiopian Cottage Cheese 

 
Introduction 

 
Approximately a third of the world's milk production is used for cheese manufacturing (Fox, 
2003). Ayib, Ethiopian Cottage cheese, is prepared after the manufacture of butter by heating 
the Arrera (defatted buttermilk from traditional butter processing) to coagulate the curd 
(Mogessie Ashenafi, 1992) which puts it under acid-heat-coagulated category cheese. The 
composition of Ayib which varies considerably from smallholder to smallholder is about 76% 
water, 14% protein, 7% fat and 2% ash (O’Connor, 1995). 
 
Ayib is more affordable than high quality processed cheese, because of its low production cost 
and local availability (Almaz Gonfa et al, 2001). It is a popular milk product consumed by the 
various ethnic groups of the country (Mogessie Ashenafi, 1992). Ayib has important 
reimbursements for both urban and rural populations, as it is used for own consumption and, 
together with Kibe, it is one of the major milk products for sale (Almaz Gonfa et al, 2001) 
 
Ayib has a short shelf life of 2–3 days due to its high moisture content (Almaz Gonfa et al, 
2001), though it has lower pH (from less than 3.7 to 4.6) which offers a big challenge for 
spoilage and pathogenic microbes. On the contrary Zelalem Yilma et al (2006) reported that 
Ayib can be kept for two weeks at room temperature in the central highlands of Ethiopia.  
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There appears to be no documented standard on the production and quality of Ayib and other 
milk products in the country owing to the fact that the required data set to install such 
standards and quality control is minimal. Efforts were done to document traditional Ayib 
processing and quality (O’Mahoney and Peters, 1987; Mogessie Ashenafi, 1992; O’Connor, 1993; 
Fekadu Beyene, 1994; Almaz Gonfa et al, 2001; Zelalem Yilma et al, 2007). But yet 
understanding on the efficiency of traditional milk processing technologies quality 
characteristics of the products remains crucial in making improvement interventions and is a 
prerequisite in the market orientation process of the dairy sector in the country (Zelalem Yilma 
et al, 2007). The objective of this study was, thus, to describe traditional Ayib making methods, 
the process efficiency, product composition, and indigenous knowledge of enhancing quality 
and shelf-life in Shashemene district. 
 

Materials and Methods 
 

Area Description 
 

Shashemene district is located in West Arsi Zone of Oromia National Regional State, 250 km 
south of Addis Ababa. Its astrological location is at 7012' North and 38036' East and elevated 
from 1700-2600 m.a.s.l. It receives an annual rainfall of 700-950mm with an annual 
temperature range of 12 - 27oC.  

 
Site and Households Selection 

 
Sixty households were randomly selected from those having cows and producing milk and milk 
products with the help of Shashemene district livestock agency officers. Among the 
interviewed households, thirty-one volunteer females were selected to measure Ayib 
processing parameters. 

 
Data Collection 

 
A semi-structured questionnaire that focused on milk handling and Ayib processing was used 
to collect primary data following secondary data collection using group discussion with key 
informants. Wives and eldest daughters were interviewed of the household heads as women 
and girls are responsible for milk handling and processing in the area. 

 
On-Farm Evaluation of Ayib Manufacturing 

 
Volume, pH, and temperature of the buttermilk were recorded prior to cooking. Curd cooking 
duration and changes in pH and temperature were monitored every 5 minutes during the 
cooking period. Averages of stabilized temperatures, the temperature readings from 15th 
minute to the last, were considered as Ayib-making temperature as used by Zelalem et al 
(2007).  
 
Curd recovery efficiency was calculated as weight of cheese recovered as percent of volume of 
buttermilk used. All the Ayib produced by the volunteers was packed in clean polyethylene 
bags and brought to Hawassa University dairy science laboratory for compositional analysis.  
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Curd recovery efficiency = [100 – (Vbm – Wa) / Vbm] x 100% 
      
Where, Vbm is Volume of buttermilk used and WA is weight of Ayib produced. 
 
Data collected during cheese making included; volume of buttermilk and whey using 
graduated cylinder, temperatures using portable digital thermometer, pH using a digital pH 
meter and weight of Ayib using digital weighing balance. 

 
Gross Compositional Analysis 

 
For gross compositional evaluation of Ayib produced by the volunteer households, sample were 
packed in polyethylene bags and taken to Hawassa University Dairy Laboratory and the 
following measurements were taken following standard procedures of Kirk and Sawyer (1991).  
Total Solids: 5 grams of Ayib samples were weighed on a crucible in duplicate and kept in a 
constant temperature oven set at 1050C for 12 hrs until a constant weight was achieved. The loss 
in weight was calculated as percent moisture and the total solids was calculated subtracting 
percent moisture from 100. Ash: fresh Ayib samples were ignited at 6000C for 3 hours and 
weighed when cooled to room temperature. Loss in weight was calculated as percent organic 
matter and the ash content was determined by subtracting the organic matter percentage from 
100. 

Data Management and Analysis 
 

The quantitative and qualitative data collected during the survey were analyzed and described 
using descriptive statistics procedure of the Statistical Package for Social Sciences (SPSS 
Version 13.0).  

 
Results and Discussions 

 
Ayib Making 

 
Ayib is processed, in Shashemene, from buttermilk as is common in the rest of the country. Six 
types of heat sources were identified based on the intensity of heat produced, namely, blaze 
from burning fuel wood, blaze from burning charcoal, gleaming fuel wood, gleaming charcoal, 
heat from glowing charcoal buried in ash and last but not least, putting near burning wood 
(side heating). According to the respondents, heat sources with intense heat like blazing fuel-
wood reduce cooking duration but it is the lower intensity heat, warm ash, combined with 
overnight cooling of the whey-curd mixture before separation that is chosen when better 
quality and yield of Ayib is sought. Hill (2007) has stated that cooking too quickly causes the 
curd to shatter more easily and forms a tough exterior on the curd particles that prevents 
moisture release. The use of warm ash can, therefore, be recommended for use in Ayib 
production based on the above fact in addition to its appropriateness, as compared to fuel 
wood, with regard to the rate of deforestation that the country currently facing.  
 
Curd mass formation is checked either visually by opening the clay pots or by feeling the 
temperature of the clay pot by hand. As described in Table 12, pouring out whey by side sloping 
(gravitational means) is the most dominant mechanism used, but does not retain the small 
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curd pieces which could potentially lower the curd recovery efficiency. Therefore, the use of 
sieve for the separation of curd from the whey should be used as long as the material is 
available and easy to clean. Post-harvest losses could also be lowered if the use of sieves is 
practiced during Ayib making. 
 
Further expulsion of the whey retained in the curd was made by pressing, gravitational 
mechanisms and fumigating, the former being the dominant method used to ensure as low 
moisture as possible in the curd. According to the respondents Ayib has a mean shelf life of 
3.47 ± 0.27 days. They also believe that it can be kept longer depending on the cleanliness 
during processing; spices used and fill of the equipment.  

 
Table 12 Whey removal methods employed by farm families of Shashemene 
Filtering method Percent of respondents (N=60) 
Whey separation methods 
Pouring out whey 86.7 
Sieving (mesh wire) 23.3 
Filtering through false banana leaves/stem 3.3 

Residual whey removal methods 

Pressing 56.7 
Sloping in semi-covered dish  28.3 
Suspending in cheese cloth  15.0 
Fumigating 3.3 

 
More than 75% of the respondents believe that seasoning herbs improve Ayib quality, but 
salting is not practiced at all in the study area. Seventy percent of the respondents understand 
that hygienic processing and storage prolong shelf-life of cheese. Only 18.3% of all the families 
in the study area are aware of the effect of proper cooking on the shelf-life of Ayib. Local cows’ 
milk is preferred to crossbreed cows’ milk for Ayib making by at least 11% of the respondents 
interviewed. The preference of milk from local Zebu cows to that from the crosses for Ayib 
production by the majority of the respondents in the study area agree with the facts stated by 
O’Connor (1993) that milk higher in fat and protein gives better yields of Ayib, and that the 
higher fat content of milk from zebu cows than that of temperate breeds. Such preference of 
cattle breed calls for due consideration in designing dairy cattle breeding programs for the 
smallholder producer.  
 
Adding water to sour milk during churning is believed to depress the quality of Ayib produced 
afterwards by only 5% of the respondents. Only 6% of the Ayib making farmers smoke their 
equipment for the sake of quality of Ayib they produce ( 
Table 13). 
 
Overnight cooling of the whey-curd mixture before separation is chosen to enhance quality 
and yield of Ayib produced. Similar trend was reported from the central highlands by Zelalem 
et al (2007), where overnight cooling of whey-curd mixture resulted in higher total solids and 
fat content, thus yield and quality of Ayib. 
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Another nexus between indigenous knowledge and science observed in the current study is 
packaging methods. According to the respondents Ayib can be kept for longer time when the 
container is filled than when it is half-filled. This could be due to the more air-tight condition 
of the former that could suppress aerobic spoiler microorganisms. Modern vacuum packing of 
milk products also bases from similar objective of enhancing shelf-life through avoiding aerial 
contamination.  

 
Table 13 Common practices of farmers claimed to help achieve better quality and shelf-stable 
Ayib in Shashemene area 
Practices Percent of the respondents 

(N=60) 
Use of seasoning herbs 76.7 
Hygienic processing  70 
Proper cooking  18.3 
Using milk from local cows 11.7 
Fumigating equipment 6.7 
Adding no water to buttermilk during butter making 5 
Seasoning herbs used in Ayib manufacture 

 
As listed in Table 14 seasoning plants used in the processing and storage of Ayib in the study 
area are diverse with garlic (Allium sativum) taking the lead on the list with 28.3% of the 
household testifying for its use. Of comparable importance to garlic in spicing Ayib in the area 
include; Tiqur azmud (Nigella sativa), Nech azmud (Trachyspermum copticum), Urgo 
(Ocimum bacilicum) and Zinjibil (Zingiber officianle) altogether contributing to more than 
45% of the list.  

 
Table 14 Plants commonly used as spices and preservatives in cheese production and storage in 
Shashemene area 
Local name 
 

Scientific name Percent of respondents (n=60) 
Spice Preservative 

Nechshinkurt (A) Allium sativum 28.33 1.67 
Tqur azmud (A) Nigella sativa 23.33 3.33 
Nech Azmud (A) Trachyspermum copticum 21.67 3.33 
Urgo (O) Ocimum bacilicum  18.33 3.33 
Zingibil (A) Zingier officinale 18.33 - 
Korerima (A) Aframomum corrorima 13.33 1.67 
Besobila (A) Ocimum bacilicum 6.67 1.67 
Qey shinkurt (A) Allium cepa,  5.00 3.33 
Teanadam (A)/ Ruta chalepensis - 6.7 
Koseret (A) Ocimum hadiense - 3.33 
Abish (A) Trigonella foenum - 3.33 
Ariti (A) Artemisia afra - 1.67 
Wekeshe (O) Unidentified  - 1.67 
(A=Amharic, O=Oromifa) 
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Temperature and Ph Changes during Processing 
 

Cooking duration and cooking temperature in the current study were 42.65 ± 3.31 minutes and 
58.66 ± 2.340C, respectively. Cooking duration and stabilized temperature showed inverse 
relationship, following similar trends reported by Zelalem (1999). 
 
The current results of buttermilk cooking duration and temperature were longer and higher, 
respectively, than reports from the central highlands of the country which were 48 minutes 
and 570C, respectively in the central highlands of the country (Zelalem, 2007). The whey-curd 
mixture temperature, i.e., the final cooking temperature, in the current study was 68.98 ± 2.54 
0C which is higher than the report by Fekadu (1994). Some of the Ayib parameters observed in 
the study area are listed in  
Table 15.  
 
The lower temperature of cheese could be due to its solid nature that offers effective heat 
transfer media for loss in temperature relative to whey which used to have same temperature 
during the final minutes of cooking. Buttermilk for cheese making in the study area had 
average pH of 4.52. Acidity was seen to increase during cooking to a lower level recorded from 
the curd-whey mixture. Temperature and pH of whey-curd mixture had a significant negative 
correlation (r = -0.41, P<0.05).  
 
Acidity of the buttermilk has got a highly significant correlation with the product and by-
product sourness (r = 0.61, P<0.01; r = 0.59, P<0.01, respectively) in addition to the whey-curd 
mixture final pH (r = 0.51, P<0.01). Even stronger correlations were observed among whey-curd 
mixture pH and the pH of whey and cheese after separation (r = 0.62, P<0.01; r = 0.65, P<0.01, 
respectively).  

 
Table 15 Ayib making parameters observed from on-farm evaluation in Shashemene 

 
Processing parameter Mean ± S.E. (N=31) 

Cooking temperature (0C) 58.43 ± 2.34 
Cooking duration (min) 42.65 ± 3.31 
pH of buttermilk used 4.52 ± 0.03 
pH of whey-curd mixture 4.13 ± 0.05 
pH of cheese 4.34 ± 0.03 
pH of whey 4.30 ± 0.04 
Temperature of buttermilk (0C) 20.39 ± 0.37 
Temperature of whey-curd mixture (0C) 68.98 ± 2.54 
Temperature of cheese (0C) 37.68 ± 1.39 
Temperature of whey (0C) 42.32 ± 1.98 
Curd recovery efficiency (%) 16.62 ± 0.62 
Yield (kg/l) 0.17 ± 0.01 
Ash (%) 1.05 ± 0.07 
Total solids (%) 29.0 ± 0.86 
Cheese yield and processing efficiency  
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The Ayib making system was efficient in recovering the curd by around 17%, (Table 4). 
Efficiency declined with increasing temperature of whey (P<0.01) (Table 16). This shows that 
monitoring whey-curd temperature at separation could be used to attain a better recovery of 
the curd.  
 
Cheese making process is more efficient in the current study (16.6%) than reports of Fekadu 
(1994) in Aneno and Gulgula areas, Southern Ethiopia, which was around 14% and 12%, 
respectively, but lower than reports of Zelalem (1999) from the central highlands of the 
country, 26% with 20.42% TS, and O’Mahoney and Ephraim (1985), 18% with 24% TS.  
 
In the current study area an average of 6.25 liters of buttermilk was required to produce 1kg of 
Ayib with 29% TS. This result indicates a more efficient cheese making process in the study 
area as compared to the corresponding figures of 8 liters for a 24% TS, and 7 to 8 liters for 18.5 
to 20% TS that were reported by O’Mahoney and Peters (1987) and Fekadu (1994), respectively.  
 
The expected yield of cheese depends on the composition of the milk and the final cheese. 
Generally one kilogram of cottage cheese can, reportedly, be obtained from about nine liters of 
buttermilk or skimmed milk (O’Connor, 1993). In the current study better yield was observed 
during Ayib making, 44% yield advantage with 4% more total solids content. Again this could 
arise from the choice of milk from local cows by the participants in the current study.  

 
From the current result, Ayib had the highest concentration of solids than any other report so 
far (29 ± 0.86%). Even though pressing was not applied during the manufacture of Ayib in the 
current study area, whey drainage was efficient enough to raise the total solids content to a 
record in the country, approximately 9% more whey drained out. It has been previously 
pointed out that the generally higher moisture content of Ayib contributes to its poor keeping 
quality (Zelalem, 1999). The relatively lower moisture content of the current study should have 
given an extra time for the Ayib on the shelf. However, the respondents complain about the 
shelf life of their produce in spite of their response from the interview (3.5 days). 



Ethiopian Society of Animal Production 2012 

 

426  
 

Table 16 Pearson’s Correlations among On-farm Ayib Processing Parameters from Shashemene Area 

* Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). 
T = Temperature  
BM = Buttermilk 
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Heat source 1              
BH pH 0.12 1             

Final pH  0.17 0.51** 1            
Whey pH  0.31 0.59** 0.62** 1           
Cheese pH -0.02 0.61** 0.65** 0.89** 1          

BM T 0.44* 0.02 0.24 0.29 0.14 1         
Final T -0.23 -0.21 -0.41* -0.33 -0.15 0.04 1        
Whey T -0.28 -0.05 -0.29 -0.71** -0.52** -0.13 0.35 1       

Cheese T  -0.30 -0.08 -0.25 -0.64** -0.48** -0.13 0.24 0.92** 1      
Cooking T -0.32 -0.25 -0.23 -0.23 -0.03 0.18 0.85** 0.21 0.10 1     
Duration 0.33 -0.01 -0.33 -0.15 -0.23 -0.21 0.28 0.17 0.07 -0.03 1    

Efficiency (%) 0.38* -0.27 -0.16 0.15 -0.07 0.10 -0.36* -0.52** -0.41* -0.41* 0.13 1   
Ash -0.13 -0.25 -0.21 0.00 0.00 -0.21 0.19 -0.13 -0.17 0.18 0.16 -0.24 1  
TS 0.08 0.02 -0.05 0.05 0.03 -0.04 0.25 -0.18 -0.15 0.10 -0.03 0.11 0.15 1 
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Ayib in Shashemene has larger amount of ash (1.05%) than both the southern (Fekadu, 1994), 
and central highlands (Zelalem, 1999) results of 0.81% and 0.89%, respectively. This increment 
in ash content from previous reports might be from variations in the composition of 
buttermilk processed to Ayib or the difference in the processing method followed (for example 
level of whey expulsion that could affect the TS) in the study areas. Inorganic impurities could 
also have contributed to the higher ash content recorded in the current study. The current 
result indicates that Ayib from the study area has higher mineral content, thus its nutritional 
superiority, compared to previous records of the product elsewhere in the country, as long as 
the increment is not attributed to inorganic impurities.  

 
Conclusion 

 
Ayib is claimed to have a mean shelf-life of about 3.5 days without refrigeration in Shashemene 
area. Among the strategies used to improve Cottage cheese quality and shelf-life, use of 
seasoning herbs, hygienic processing and storage, proper cooking, using local cows’ milk, 
abstaining from adding water to sour milk during churning and smoking the recovered curd 
are worth mentioning. 
 
The mean cheese making time and temperature were around 42.7 minutes and 58.70C, 
respectively. Shorter cooking durations were linked with higher cooking temperature. These 
figures are longer and higher, respectively, than corresponding reports from the central 
highlands of the country. Temperature and pH of whey-curd mixture had strong negative 
correlation. However, pH of the buttermilk has got a highly significant positive correlation 
with the product and by-product sourness in addition to the whey-curd mixture final pH.J 
Therefore, the sourness of Ayib can be controlled by manipulating the pH of buttermilk before 
cooking.   
 
Ayib making system in the current study was efficient in recovering the curd by around 17%. 
Curd recovery efficiency declines with increasing temperature of whey. Monitoring whey-curd 
temperature at separation could be used as a means to attain a better recovery of the curd. 
Further research is recommended to characterize and standardize traditional cheese varieties 
in the country.  
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Abstract 
 

Indigenous traditional knowledge under smallholder dairy production system is a mirror to the 
quality of the products produced and understanding the system helps in the introduction of 
modern knowledge. Therefore this study is conducted with the basic objective of assessing the 
traditional milking, milk handling and storing practices followed by farmers in the major milk 
shades of Ethiopia with the insight to the reasons contributing to the low quality standard of 
milk and milk products. A total of 280 (74 form Holeta, 37 from Selale, 49 from Debrebirihan 
and 120 from Arsi) were interviewed to assess the traditional knowledge of the farmers 
concerning milk quality, milk handling and storage. Udder washing before milking is more 
pronounced to be followed in Holeta (68.9%), Selale (86.5%) and Debrebirihan (89.8) farmers 
than Arsi farmers (48.3%) whereas; use of towel to dry teats is only followed by 43.9% in the 
study area. Separate gowns during milking are used by small proportion (1.7) of the Arsi 
farmers and majority of Selale (70.3) and Debrebirihan (87.8%) farmers. As to the source of 
water for cleaning, 61.1% of all the farmers use tap water for cleaning purpose. But treatment of 
water from other sources is very minimal, 40.8 % of the Arsi farmers. For milking and milk 
storage, metal containers and plastic containers were used by majority of Holeta, Selale and 
Debrebirihan farmers where in Arsi use of clay pot together with plastic containers is highly 
pronounced. The form of storing milk products is keeping at room temperature in majority of 
the farmers (70.7% for milk, 83.6% for Ergo, 68.6 for butter and 73.6% for Ayib). All the 
mentioned traditional purposes represent the substandard quality of milk produced by 
smallholder farmers. In addition to the hygienic practices milk container smoking was found to 
be practiced by all the farmers with the major objective of good and pleasant flavour of milk 
products. Training farmers towards hygienic milk production supply of inputs like metal milk 
containers, towels, milking gowns and disinfectants etc...Is recommended. Traditional 
knowledge of farmers in storage of various milk and milk products including cold water 
storage and changing whey to keep quality of Ayib should be studied for effectiveness before 
adoption of other modern and expensive practices. Beneficial Traditional knowledge like milk 
container smoking should be reintroduced with their major preservative roles of each plant. 
 

Introduction 
 

In countries like Ethiopia, where majority of the farmers follows traditional way of production, 
modern agricultural intervention is impossible without understanding the indigenous 
traditional knowledge (ITK) of the farmers. In India, documenting and incorporating the 
indigenous knowledge system (IKS) in agricultural education, research and extension pave the 
practical approach towards a sustainable development (Kumar, et al., 2010). This seems the 
reason for the bigger attention to ITK in different parts of the world. Various definitions were 
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given to traditional knowledge by different scholars. Accordingly, Chakravarty (2009) defined 
the phrase as knowledge systems held by traditional communities based on their experience 
and adaptation to a local culture and environment. Similarly Saha et al., 2010 defined it as 
product of centuries of trial and error, natural selection and such knowledge and practices may 
be peculiar to the particular culture and agro climatic situation. The same authors included 
knowledge originating from elsewhere which has been tested locally and has been acclimatized 
and internalized by the local people as traditional knowledge. This knowledge is used to 
sustain the community and its culture. Placing value on such knowledge helps strengthen 
cultural identity and the enhanced use of such knowledge to achieve social and development 
goals, such as sustainable agriculture. 
 
Milk is a highly perishable product and its quality is greatly influenced by environmental 
factors including husbandry practices from production, handling, storing, transporting and 
marketing upto consumption. Milk, being an almost perfect food of animal origin, can be an 
ideal growth medium for microorganisms and contaminations can easily occure in the 
processes if unsanitary conditions persist. Microbial contamination of milk can therefore 
originate from within the udder; the exterior of the teats and udder; and the milk handling and 
storage equipment (Chambers, 2002). Uneder Ethiopian conditions, synthesis of earlier reports 
on the microbiological properties of milk and milk products produced under smallholder 
condition indicates that qualities of the products were found to be below standard (Biruk et al., 
2009). Accodring to the same authous, this is mainly due to unhygienic condition at one or 
more of the dairy chain from production up to consumption, in which limited knowledge of 
the hygienic production and handling of milk products is one of the attributing factor. 
Therefore this papre is prepared with the main aim of assessing the traditional milking, milk 
handling and storing practices followed by farmers in the most importand milk shades of 
Ethiopia with the insight to the reasons contributing to the low quality standard of milk and 
milk products.  
 

Methodology 
 

The study was undertaken in major milk shades in the central highlands of Ethiopia, 
addressing Holeta, Selale and Debrebirihan areas and the Arsi Zone addressing Tiya and Lemur 
and Bilibilo woredas. These areas were selected purposively based on their potential for dairy 
production according to FAO’s report in 2006. The areas within the central highlands of 
Ethiopia have high potential for dairy production. Holeta is located 45 km West of Addis 
Ababa. The area is situated at an altitude of 2400 m above sea level (m.a.s.l) and receives an 
annual rainfall of 1100mm with an average maximum temperature of 21.3°c. The altitude of 
Selale ranges from 2500 to greater than 3000 m.a.s.l. Selale receives an average annual rainfall 
of 1200 mm with average minimum and maximum temperatures of 6 and 21oC, respectively 
(Yilma et al., 2007). Debre Brhan is located 130 km North of Addis Ababa. Arsi Zone is located 
120 – 200 km from Addis Ababa. It is known to have relatively good road network and is 
composed of highlands with reliable rainfall as well as drought- prone areas with many small-
scale irrigation schemes. The area is located within the Awash, Rift Valley and Wabi Shebelle 
river basins (FAO, 2007). Total of 280 farmers (74 forms Holeta, 37 from Selale, 49 from 
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Debrebirihan and 120 from Arsi) were interviewed to assess the traditional knowledge of the 
farmers concerning milk quality, milk handling, and storage. 
 
Table 1. Sampling of households in the selected milk shades of the central highlands of 
Ethiopia 
 
Woreda Number of interviewed farmers 
Holeta 74 
Selale 37 
Debrebirihan 49 
Arsi 120 
       Tiya 60 
       Lemur and Bilbilo 60 
Total 280 

 
A semi- structured questionnaire was developed and used for interviewing the selected 
farmers. The questions focused on the milking, milking handling and storage practices 
followed in the farm household. Before starting data collection, the questionnaire was 
translated in to Amharic language as required and pre-tested using purposively selected key 
informants, such as farmers with long time experience in dairy production. Accordingly, some 
of the questions were restructured or rephrased for the purpose of clarity, when necessary.  
 
The data were analyzed by descriptive statistics using the Statistical Package for Social Sciences 
(SPSS) (version 15). 

 
Result and Discussion 

 
Farm Household Characteristics 

 
Education Status 

 
The educational status of the farmers in the study area is shown in figure 1. Accordingly 
majority of the farmers around Addis Ababa can only read and write (31%) and illiterates (24%) 
while in the Arsi zone 40% of the respondents were in between grade 7 and 12. Which makes 
the total to be 25% within the range of grade 7 to 12 followed by farmers who can only read and 
write (24%)? Considering the whole educational status of the farmers indicates the attachment 
of the farmers to the traditional dairy practices and the difficulty to disseminate modern 
practices of milk quality improvement. The average age of the interviewed producers was also 
found to be 46 years of age ranging from 20 to 84 years of age (Table 2). 
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Figure 1: Educational status of dairy farmers in the selected milk shades, Ethiopia 
 
Crossbred cattle ownership is higher compared to the local cows in both study areas with a 
total average dairy cattle ownership of 1.7 per household. This leads to the assumption that 
dairy production in both areas is more pronounced and the farmers are typical dairy producers 
concerned on milk productions. Though the average lactation length in the Arsi zone is lower 
that the recommended 305 days of lactation. Considering the productivity of the animals, 
average milk yield is very low, 7.4 in the central highlands and 8.7 in Arsi zone. The difference 
in average milk yield could be attributed due to the number of dairy cattle owned by the Arsi 
farmers (2.01) compared to the central highland farmers (1.46). 

 
Table 2: household characteristics of interviewed farmers in the selected milk shades   
  
 
Household 
Characteristics 

Milk Shade (mean, s.e) 
Holeta Selalle Debrebirihan Arsi Total 

Age 42.51 (1.12) 48.14 (2.41) 43.14(1.97) 46.44 
(1.16) 

46.02 (0.75) 

Number of local cows 1.98 (0.16) 0.22 (0.07) 0.5 (0.097) 1.48 
(0.18) 

1.27 (0.096) 

Number of crossbred 
cows 

0.95 (0.14) 2.51 (0.34) 1.43 (0.15) 2.01 (0.13) 1.70 (0.09) 

Lactation length 8.5(0.25) 12.83 (0.71) 11.06 (0.35) 8.5 (0.17) 9.51 (0.18) 
Milk yield 5.7 (0.45) 9.96 (0.58) 8.68 (0.66) 8.7 (0.27) 7.96 (0.24) 

 
Traditional Knowledge for Hygienic Milk Production 

Hygienic Milking Practices 
Hygienic milk production follows a series of practices that control the possible contamination 
of milk by bacteria and other foreign particles. Udder washing before milking helps protect 
contamination from dung that carries large number of bacteria. This practice is more 
pronounced to be followed in Holeta (68.9%), Selale (86.5%) and Debrebirihan (89.8) farmers 
than Arsi farmers (48.3%). Yilma and Faye (2006) also reported similar result for small scale 
producers in the central highland produces. All highlanders and mid lowlanders in the 
southern part of Ethiopia were reported to follow udder washing (Binyam, 2008). No washing 
udder was reported in Mieso district (Kedija, 2007). 
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Table 3: Hygienic practices followed by dairy farmers in the selected milk shades    
Hygienic 
Practice 

Milk Shade 
Holeta Selale Debrebirihan Arsi Total 

N % N % N % N % N % 
Udder washing 51 68.9 32 86.5 44 89.8 58 48.3 185 66.1 

Use of towel 16 21.6 23 62.2 26 54.2 58 48.3 123 43.9 
Use of milking 

gown 
24 32.4 26 70.3 43 87.8 2 1.7 95 33.9 

Hand washing 
and care 

65 87.8 35 94.6 47 95.9 28 23.3 175 62.5 

 
Though considering minimal udder washing practice in the Arsi zone, traditionally udder 
washing in Ethiopian farmers is uncommon leading to the poor quality of milk since exterior of 
udder and teats can be a good source of microbial contaminations (Chambers, 2002; O’Conner, 
1994). Following udder washing, use of towel to dry the teats of the animals is a recommended 
practice (FAO, 2004; O’Conner, 1994) since udder swabs containing different pathogenic 
bacteria (Yilma et al., 2007a; Allegheny, 2004). Therefore, incorporating the use of towels to 
dry udder after udder washing is a decisive factor in the quality of milk.  In this case a small 
proportion (43.9%) of the farmers followed the practice in all of the milk shades. This was also 
true in dairy farmers in Debrezeit area where about 85.2% of the farmers do not dry teats using 
towels (Allegheny, 2004).   
 
As part of personal hygiene, using milking gowns besides normal clothing is believed to serve 
in the production of quality milk. This practice is included in the good agricultural practices 
guide for its benefit in the production of hygienic milk (FAO, 2004). In the case of the 
interviewed farmers smaller proportions of the Arsi farmers (1.7%) were found not to use extra 
milking gown at the time of milking where it is more pronounced in the rest milk shades. This 
was also true for hand washing and care practices during milking. Hands of the milkers are 
considered as one of major source of contamination since it is exposed for many bacteria and 
dirt (FAO, 2004; O’Conner, 1994). 
 
Source of Water 
 
Washing the udder of the animal, the hands of the milkers and milk containers are decisive 
factors in the production of clean milk. However this is only true if the type of water used is 
clean. Tap water is relatively clean than river water sources. In the case of the total farmers in 
the selected milk shades more than half of the respondents (61.1%) use tap water for cleaning 
purpose. Previous study in the central highlands also reported the use of tap water by 53% of 
the farmers (Yilma and Faye, 2006). Water used in any cleaning activity can also be one of the 
determinant factors to sub standard quality of milk (O’Conner, 1994). In different parts of the 
country water used by smallholder farmers was found to contain contaminant bacteria 
including major pathogens (Yilma et al., 2007; Allegheny, 2004). Though the source of water 
used may not be seen as a traditional knowledge since farmers are forced to use any accessible 
water in their surrounding area due to lack of infrastructures. Therefore, treatments made to 
water before use should be considered in assessing traditional knowledge of the farmers.  
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Accordingly, whatever the source of the water, boiled water is used by 40.8 % of the Arsi 
farmers, which is very low. 

 
Table 4: Source of water for cleaning in the selected milk shades 

    
 
 

Source of water 

Milk Shade 
Holeta Selale Debrebirihan Arsi Total 

N % N % N % N % N % 
Tap Water 59 79.7 32 86.5 35 71.4 47 39.2 173 61.8 

Underground 
Water 

11 14.9 2 5.4 9 18.4 16 13.3 38 13.6 

River Water 4 5.4 3 8.1 5 10.2 8 6.7 20 7.1 
Boiled Water NA NA NA NA NA NA 49 40.8 49 17.5 

 
Milk Storage Containers 

 
After milking of the animals till sale or consumption of milk, different materials are used to 
store milk. One of the most traditionally common is clay pot which is used by 11.1% of the total 
respondents and in combination with plastic materials by 47.5 of the Arsi respondents. Clay 
pot is not appreciated to store milk since it is a porous, hard to clean material with a possibility 
of contamination from previous milk. Majority of the farmers from Holeta (95.9), in 
Debrebirihan (93.9) and all of the farmers in Selale use better metal and plastic containers. 
According to O’Conner (1994) the bacterial count of milk from unclean utensils reached three 
times within 48 hours more than milk from clean utensils. 
 
Plastic containers with of assumption for being a good material to store milk, it has been 
introduced to farmers. All of the interviewed dairy farmers in Debrezeit area were reported to 
use plastic containers (Allegheny, 2004).  But lately it was found to be hard to clean and prone 
to contamination of milk. Accordingly, Allegheny, (2004) isolated various pathogenic bacteria 
from 77 milk samples where none of them were negative. 
 
Table 5: Types of milk container materials in the selected milk shades    

 
 

Milk containers 

Milk Shade 
Holeta Selale Debrebirihan Arsi Total 

N % N % N % N % N % 
Clay pot 3 4.1 0 0 3 6.1 25 20.8 31 11.1 

Metal and 
plastic  

71 95.9 37 100 46 93.9 38 31.7 192 68.6 

Clay pot and 
plastic 

0 0 0 0 0 0 57 47.5 57 20.4 
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Storage of Milk and Milk Products 
 
Storing milk: milk is relatively unstable product compared to its own processed products. 
Under tropical climatic conditions, it is easily perishable and has a short shelf life. To avoid this 
phenomenon it is recommended to keep milk in refrigerated conditions below 40C (PMO, 
2007; FAO, 2004; O’Conner, 1994). Cooling milk is believed to increase its shelf (Kleinschmit 
and Gompert, 2007) by retarding the rate of nearly all processes in the cell, thereby slowing 
down growth and decreasing fermentation rate (Walstra et al., 1999). However, due to lack of 
infrastructure like electricity and unaffordability of refrigerator, very small portion of the 
farmers use refrigerator in storing whole fresh milk. Similar results were observed in small 
scale producers in central highlands (Yilma and Faya, 2006).  

 
Table 6: Milk and milk product storage systems in the selected milk shade 
 
 
 
Storage System 

Milk Shade 
Holeta Selale Debrebirihan Arsi Total 
N % N % N % N % N % 

Whole Milk           
     Refrigerator 2 2.7 2 5.4 1 2 9 7.5 14 5 
     Cold Water 30 40.5 20 54.1 9 18.4 5 4.2 64 22.9 
     Room 
Temperature 

42 56.8 15 40.5 39 79.6 102 85 198 70.7 

     Boiling 0 0 0 0 0 0 4 3.3 4 1.4 
Ergo           
     Refrigerator 2 2.7 7 18.9 2 4.1 7 5.8 19 6.4 
     Cold water 0 0 20 54.1 6 12.2 2 1.7 28 10 
     Room 
Temperature 

71 97.3 10 27 41 83.7 111 92.5 234 83.6 

Kibe           
     Refrigerator 0 0 4 10.8 12 24.5 5 4.2 21 7.5 
     Cold water 0 0 5 13.5 1 2 45 37.5 51 18.2 
     Room 
Temperature 

74 100 16 43.2 32 65.3 70 58.3 192 68.6 

   Cold water & 
Room T0 

0 0 12 32.4 4 8.2 0 0 16 5.7 

Ayib           
     Refrigerator 1 1.4 3 8.1 5 10.2 3 2.5 12 4.3 
     Cold water 0 0 3 8.1 2 4.1 3 2.5 8 2.9 
     Room 
Temperature 

72 97.3 16 43.2 16 32.7 102 85 206 73.6 

     Changing the 
Aguat 

1 1.4 15 40.5 26 53.1 12 10 54 19.3 

 
According to Ayenew (2008) 16% of the urban farmers used refrigerators and none in the peri-
urban farmers in Bahirdar and Gonder. Cooling by putting the container with milk into a cold-
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water bath was practiced by 40.5%, 54.1%, 79.6% and 4.2% of Holeta, Selale, Debrebirihan and 
Arsi farmers respectively which was 4.8% of the north western highlands peri-urban producers 
(Ayenew, 2008). Instead majority of the farmers in all the milk shades (70.7%) keep milk at 
room temperature resulting in the shorter shelf life of the milk because bacteria can multiply 
to enormous numbers in a few hours unless cooled (PMO, 2007). 
 
Storing Ergo: similarly as in milk storage, majority of the in all the milk shades (83.6%) store 
Ergo at room temperature, which was also similar with the report of Yilma and Faye (2006), 
where coliform counts averaging at 6.57 log cfu/ml were observed. Even though the 
contamination with bacteria is from different sources, storing Ergo at room temperature 
resulted in the uncontrolled multiplication of bacteria, thus higher counts.   
 
Storing kibe: relatively pronounced use of refrigerator is practiced in the case of kibe storing 
compared to whole milk and ergo. But still majority of the farmers in all the milk shades 
(68.6%) keep kibe at room temperature. Additionally, as a traditional practice, even if the 
temperature of the water and its effect is not known, some of the farmers assume cold water 
storage would increase the keeping quality of kibe; therefore 18.2% of the respondent farmers 
followed this practice.   
 
Storing Ayib: room temperature is also common for storing Ayib (Cottage cheese). 
Accordingly 73.6% of the total interviewed farmers followed this practice. In addition to room 
temperature, 19.3% of the farmers in all the milk shades traditionally keep Ayib by consistently 
changing the whey of the Ayib to keep the Ayib fresh. The effectiveness of this system and the 
principles behind the farmers’ belief is not known and not studied.  
 

Milk Container Smoking 
 

Milk container smoking is a grand indigenous traditional knowledge followed by most of the 
farmers all over the country (Sentayehu et al., 2008; Rahel, 2008; Mengsitie, 2007; Ayantu, 
2006; Lemma, 2004) similarly all the interviewed farmers in Arsi Zone smoke their milk 
containers before use. The type of the smoking plant varies depending on the availability and 
the preference of the farmers. Accordingly, in the Arsi Zone the plant species used for milk 
container smoking are O. africana (Woira) (98.3%), E. arborea (Sato) (11.7%), Juniperous 
procera (Tid) (4.2%), Eucalyptus globules (Bahirzaf) (3.3%), Ocimum hardiense (Koseret) 
(5.8%), T. vulgaris (Tosegn) (19.2%), Rosa abyssinica (Qega) (1.7%) and M. melanophloeos 
(14.2%) (Table 7). The use of O. africana was the most common practice and used by almost all 
the respondents in the area. Some use only O. africana for smoking milk containers while 
others replace O. africana  with the other plants mentioned above for different reasons. The 
use of Rosa abyssinica (Qega) and Juniperous procera (Tid) was reported in Shashemane, 
Awassa and Dilla areas (Sentayehu et. al., 2008); whereas  O. africana (Woira), T. vulgaris 
(Tosgne) (Ayenew, 2008); Ocimum hardiense (Koseret) (Lemma, 2004) are used for smoking 
milk containers in  North Western and  east Showa  areas of Ethiopia, respectively. 
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Table 7: Milk container smoking practice in Arsi Zone    
 

Milk container smoking 
plant 

Milk Shade 
Tiyo Lemu and Bilibilo Total 

N % N % N % 
Olea africana  (Woira)   58 96.7 60 100 118 98.3 
 Olea africana  (Woira)  

Alone 
22 36.7 26 43.3 48 40 

 Erica arborea (Sato)  6 10 8 13.3 14 11.7 
Juniperous procera (Tid) 2 3.3 3 5 5 4.2 

Eucalyptus globulus  
(Bahirzaf) 

2 3.3 2 3.3 4 3.3 

Ocimum hardiense  (Koseret) 5 8.3 2 3.3 7 5.8 
Thymus vulgaris  (Tosegn) 11 18.3 12 20 23 19.2 

Rosa abyssinica (Qega) 1 1.7 1 1.7 2 1.7 
Myrsina melanophloeos 

(Tulla) 
11 18.3 6 10 17 14.2 

Reason of milk container 
smoking 

      

   For good and pleasant 
flavour  

48 80 56 93.3 104 86.7 

  To improve shelf life of the 
milk 

12 20 4 6.7 16 13.3 

 
Some of the plants used in this grand tradition were proved to have an effect on the growth of 
different pathogenic microorganisms including Salmonella Typhermimum, Escherichia coli 
O157:H7 and Listeria monocytogenes (Biruk, 2010; Feyissa, 2008; Negussie and Seifu, 2008; 
Ashenafi, 1996; Ashenafi and Beyene, 1993). It also slows the growth of Lactic acid bacteria and 
acid development (Biruk, 2010 and Ashenafi, 2006; Ashenafi, 1996). According to Pohjanheimo 
and Sandell (2009), this condition is admirable since there is a lower sour test development 
which is desired by the consumers. The slow growth of lactic acid bacteria in smoked 
containers also reported to ensure good and slow development of flavour components 
(Ashenafi, 2006). Therefore, smoking can be considered as one of the milk and milk products 
quality preservation methods under the smallholder conditions. Though, majority of the 
farmers (86.7) follow this practice for the good and pleasant flavour imparted on the milk and 
milk products after milk container smoking not knowing the potential their own traditional 
knowledge. This is an indication to the weak relations between farmers and scientific 
organizations indicated by Biruk et al, (2011).    
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Conclusion and Recommendation 
 

Conclusions  
 

Traditional knowledge of farmers in the central highlands and Arsi zone towards hygienic milk 
production is generally substandard. Udder washing, use of towel, use of milking gown and 
personal hand care is very minimal. And where washing has occurred, the source of water is 
below standards and there were minimum use of water treatment is available. This could lead 
to very low quality of milk reducing its shelf life. The materials traditionally used like clay pot 
and plastic containers are prone to contamination since porous and hard to clean.  
 
Storage conditions of milk and milk products are highly based on the room temperature which 
also results in lower shelf life of milk and its products. Traditionally farmers follow cold water 
storage in which the temperature of the water and it effectiveness is not known. In the case of 
Ayib some of the farmers used changing the whey from time to time in order to keep its 
quality. The effectiveness of this method and the principle behind it is not clear. 
 
As part of the farmers’ traditional milk quality preservation knowledge,  Variety of plants were 
used in Arsi zone dairy farmers for milk container smoking but with the major purpose of its 
good and pleasant flavour of the product without understanding its effect against pathogenic 
bacteria and shelf life of the product.  

 
Recommendation 

 
 Training farmers towards hygienic milk production is the first thing to consider, 

followed by simple supply of inputs like metal milk containers, towels, milking gowns 
and disinfectants etc... 

 Traditional knowledge of farmers in storage of various milk and milk products 
including cold water storage and changing whey to keep quality of Ayib should be 
studied for effectiveness before adoption of other modern and expensive practices. 

 Beneficial Traditional knowledge like milk container smoking should be reintroduced 
with their major preservative roles of each plant.    
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