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Preface

Oromia Agricultural Research Institute (IQQO) has six research directorates whose mandate is contributing to the
growth of agricultural productivity and hence poverty reduction through generation of suitable agricultural
technologies. Livestock research directorate is one these directorates. The general objective this directorate is to
generate and adopt improved livestock technologies the use of which increases the productivity and production of

diverse livestock species and hence improve the livelihood of communities.

To fulfill its objective, the directorate has been organized into six research teams, namely Dairy, meat, apiculture,
poultry, fisheries, and animal feed resources and rangeland management research teams. Each of these teams
generate suitable technologies related to the commodities they address. Currently one or more of these research
teams operate in ten of the seventeen research centers of IQQO. Dairy and meat research teams operate in three
research centers namely, Adami Tulu and Bako Agricultural Research Centers and in Yabello Pastoral and Agro-
pastoral Research Center. Feed resources and range management as well as apiculture research teams operate in
eight research centers namely, Adami Tulu, Bako, Sinana, Mechara, Fedis, Haro Sabu and Bore Agricultural
Research Centers and in Yabello Pastoral and Agro-pastoral Research Center. In addition, apiculture research is also
undertaken in Holeta Bee Research Center. Fishery research team currently operates only in Zeway Fisheries
Resource Research Center, where as poultry research team operates in Adami Tulu and Bako Agricultural Research

Centers.

From each of the above mentioned teams, a number research activities are annually completed as a result of which
physical technologies as well as valuable information are released. However, Even if the importance of reviewing
these completed activities at institute level and compiling them as proceeding is well recognized it has never been
materialized till this time. This livestock research proceeding is then the first of its kind and contains a total of 40
research results (3 from dairy research team, 1 from poultry research team, 8 from feed resources and range land
management research team, 19 from apiculture research teams and 9 from fisheries resource research team). The
information provided in each of these research results are valuable for different beneficiaries depending on the
interest, the level of understanding and the resources they have to utilize the technologies or the information
provided. In addition to reviewing and compiling results of completed activities in this manner each year,
organizing the research results in a simpler form that can be utilized by any beneficiary is expected from the

researcher side.

Tesfaye Alemu Aredo (PhD)
Director, Livestock Research

OARI
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Epidemiological Study of Gastro Intestinal Helminthes Parasites of Calves in Urban, Peri
urban and Rural Smallholder Dairy Farms in East Wollega Zone, Western Ethiopia

Tesfaye Mersha, Milkessa Gelana, Tesfaye Mideksa, Habtamu Abera, Misgena Duguma Tegegn
Gudeta and Sisay Ishetu
Bako Agricultural Research Center P.O. Box 03, Bako, Ethiopia

Abstract

A cross sectional study was conducted from September 2012 to February 2014 in selected areas of East
Wollega Zone of Oromia Regional State, western part of Ehiopia to identify major parasites of calves and
associated risk factors in the study areas. The study includes all calves under one year of age and has no
history of de-worming. Gastro intestinal parasites are one of the most important animal diseases which
cause livestock production loss in general and calves health problems in particular. Macc master egg
counting was done so as to identify the parasitic infestation level of the study animals. Sedimentation and
floatation techniques were also employed to identify the major parasites and chi-square test was used to
compare prevalence difference in line with associated risk factors. As study result showed, out of 250
fecal samples collected, 66.4% were positive for different GIT parasites while 33.6% were free from any
parasites. The PCV value of parasitaemic (23.27%) and non-parasitaemic (25.83%) animals showed a
slight variation with no statistically significant difference (p>0.05). But there is statisticaly significant
difference in among risk factors like season, location, age, breed and body condition and GIT prevalence
(p<0.05). It can be concluded from the present study that GIT parasites are the major problems of calves’
health which require great emphasis to reduce the effect. Awareness creation and proper control measures
of GIT parasites should be given for the stake holders.

Keywords: GIT parasites, calves, urban, peri-urban, rural, small holder dairy farms, East Wollega,
Ethiopia

INTRODUCTION

Gastro intestinal parasites are a world-wide problem in livestock as well as in agricultural sector and are
responsible for major economic losses. The economic impact of these parasites on animals industry is
great. The impact is greater in Africa in general and Ethiopia in particular due to the availability of a wide
range of agro-ecological factors suitable for diversified hosts and types of helminthes. The most serious
economic consequences of gastrointestinal parasites is based on the overall number of worms, number of
genera and species present, general levels of pathogenicity and wide spread distribution (Rickard and
Zimmerman, 1992). In recent study, Tibbo (2006) found that parasitic infection of cattle is the major
factor responsible for economic losses through reduction in productivity and increased mortality in
heavily parasitized animals. Especially parasitic nematodes (roundworms) are extremely important in
both human and animal diseases (Tibbo, 2006).

In the last two decades, anti-helmentic efficacy against nematodes is reducing due to the rise of parasitic
resistance (Subash, 1990). The anti-helmentic resistance has been seen in almost all countries of the
world. Anti-helmentic resistance are normally associated with factors such as maturity stage of parasite,
sexual phase of parasite, immune response of host which can be related to age and history of infected
animal and distribution of worms. Despite the immense progress made to control helmethosis, farmers in
Ethiopia continue to incur significant losses due to insufficient availability of information on the
epidemiology of the parasites as well as presence of different types of helminthes.

Furthermore, parasitosis appears to be a major factor for lowered productivity of Ethiopian livestock
sector. The prevalence, genera, species, and severity of gastrointestinal helminthes vary considerably
depending on different environmental conditions, such as humidity, temperature, rainfall, vegetation, and
management practices (Teklye, 1991). Therefore, the distribution and prevalence of the disease should be
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presented by geographical areas that could roughly correspond to climatic conditions. In some parts of
Ethiopia, surveys have been carried out on the prevalence of helminth parasites most of which are based
on information obtained from abattoir survey and animals managed on stations (Fikru et al., 2000).

Gastrointestinal parasitism is one of the first ranked researchable topic on calf health in Western Oromia.
Moreover, there is no sufficient information on epidemiology of gastrointestinal parasites of calves in the
western part of the country. Therefore, the objective of this study is to provide evidence on the
epidemiological distribution of the gastrointestinal parasites of calf in smallholder dairy farm and
determine putative risk factors within the study area.

MATERIALS AND METHODS

Study area and duration

The study was conducted from September 2012 to February 2014 in selected areas of East Wollega Zone
of Oromia Regional State which is found in western part of the country, at about 352km distance from
Addis Ababa. The average elevation of the area is 2017m above sea level and its maximum and minimum
temperatures are 22.4°C and 10.9°C, respectively. The dry season of the study area ranges from April to
June while the wet season is from October to December. The mean annual rain fall of the area ranges
from 800mm to 2400mm (Moti et.al, 2011). Similar to other rural areas of Ethiopia, the dominant
economic activity on which the livelihood of peoples across the study areas depends is crop livestock
mixed farming system.

Study Animals

The study animals were 205 calves under one year of age kept under extensive and intensive husbandry
management and have no history of de-worming at least for three months prior to starting the study.
Study design

A cross sectional epidemiological study was carried out on calves of less than one year of age groups in
the study area. The study sites and farmers were selected purposively whereas the individual sample was
selected by simple random sampling method. Sample size for fecal collection was determined using the
formula given by Thrusfield, (2007) which is:

_Z2(pg).
N= 25D

where, n= the sample size, p= estimated percent in the population or expected prevalence,
z= standard error associated with the chosen level of confidence (1.96)
q=100-p and e= acceptable sample error

Accordingly, using expected prevalence of 50% at 95% confidence intervals and 5% desired absolute
precision, a sample size of 384 calves were needed. However due to logistic problems, fecal samples were
collected only from 250 calves.

Samples examination methods

About 3gm of fecal sample was collected from anus of each sampled calf in to a plastic container during
dry and wet season, consecutively. Blood samples were collected, immediately centrifuged and the PCV
reading was recorded at the study sites. The fecal samples were preserved with 10% of formalin and taken
to Bako Agricultural Research Center (BARC) animal health research laboratory to be examined.
Floatation and sedimentation techniques were employed to diagnose eggs of nematodes and trematodes,
respectively. Macc master egg counting technique was also used to categorize the severity of the
infestation level (Kruse e al., 1982).
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Data Analysis

During the study period the data were collected and stored in the Microsoft Excel spread sheet program
and analyzed using SPSS 16. Version software program. The prevalence was calculated by dividing the
number test positive animal by total number of calves examined. Chi-square test was used to measure the
association between prevalence and risk factors like location, management system, age, sex, season, and
body conditions.

RESULT

Out of 250 fecal samples tested 166(66.4%) were positive for eggs of different species of GIT-helminthes
parasites and the rest 82(33.6%) samples were negative for parasitic ova. The mean PCV (%) values of
parasitaemic (23.27%) and non parasitaemic (25.83%) was compared and found to be statically non
significant (p> 0.05).

Association of risk factors with parasite prevalence
Association of the different risk factors (season, location, sex, age, breed and body condition) with
parasites prevalence is shown in Table 1. Variations were observed in the occurrence of GIT parasites
among the risk factors. These are discussed as follows:

Season: The prevalence of GIT parasites in dry and wet season was compared to observe the effect of
moisture on abundance of the parasites. The result showed a significantly (p<0.05) higher prevalence
(80%) in wet season than in dry season which was 53.5%.

Location: The prevalence of GIT parasites in different location is summarized in (tablel). The result
indicated 73.9%, 62.8%, and 61.9% prevalence rate in production system of rural, peri-urban and urban
areas, respectively. However, the observed differences were not statically significant (p>0.05).

Sex: There was minor prevalence difference observed between sexes. Prevalence of GIT-parasite
observed was 68.3% in male calves and 64.6% in female calves. However, the difference was not
statically significant (p>0.05)

Age: Comparison of association of the prevalence of GIT-parasites with age groups was made taking two
age groups (7 months of age and under 7 months of age). According the prevalence of GIT parasite in
animals with greater than seven months of age was significantly (p<0.05) higher than that of calves under
seven months of age, with respective values of 74.4% and 58.4%.

Breed: The present study also tried to identify the presence of any association between prevalence of calf
GIT parasites and breed. The study revealed a significant difference (p<0.05) in prevalence of helminthes
infection between local and cross bred calves. Their respective values were 62.2% and 75.6%.

Body condition: In this study comparison has also been done on the prevalence of calf GIT parasites
among the calves body condition scores. Statistically significant variation (p<0.05) was observed among
the different body condition categories. The prevalence rates observed in calves of poor, medium, and
good body conditions were 79.1%, 65% and 52.1%, respectively.
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Table 1 Association of risk factors (season, location, age, sex, breed, body condition) with
prevalence of GIT parasites

Parameter ](\I’\l[; 250 )Exammed No. positive (%)  x%(p-value)
Season

Dry season 129 69(53.3)

Wet season 121 96(80.0) 19:547(0.000)
Location

Rural 88 65(73.9)

Per urban 78 49(62.8) 3.406(0.096)
Urban 84 52(61.9)

Age

<7month 125 73(58.4)

7-12 month 125 93(74.4) 7.172(0.007)
Sex

Male 123 84(68.3)

Female 127 82(64.6) 0.389(0.593)
Breed

Cross breed 172 107(62.2)

Local 78 59(75.6) 4.339(0.043)
Body condition

Poor 67 53(79.1)

Medium 137 89(65) 9.147(0.009)
Good 46 24(52.2)

Overall prevalence 250 250(66.4%)

Fecal egg count or intensity of infection (EPG)

The present study tried to categorize positive calves in to their degree of infestation using fecal egg count.
Accordingly to the result indicated that out of 166 infected calves 23.49% were infested severely whereas
31.93% and 44.58% were infested at moderate and low rates, respectively (figure 1).

50 4
45
40 -+
35 4
30 A
25 4
20 A
15
10

Infection percentage

low(<500) medium(500-100) severe(>1000)
Degree of infection

Figure 1: Fecal egg count or intensity of infection (EPG)
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Type of parasite investigated

In the study there were different types of GIT parasites observed. Out of 250 examined calves, 66.4%
were positive with one or more types of GIT parasites. The proportion of single parasitic infection was
74.1% and that of mixed parasitic infection was 25.9%. Out of 166 calves infected with single type of
gastrointestinal parasites, the infection rates of strongly, coccidian, ascaris, monesia, and fasciola were
35.54%, 22.89%, 6.63%, 5.42% and 3.61%, respectively. The remaining 25.9% were infected with more
than one type of the above indicated species (fig. 2).
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strongly mixed coccidia ascaris monesia fasciola

Types of parasites encountered
Figure 2: Types of parasites investigated and their infection percentage

DISCUSSION

The current study showed that calves from study area were infected with wide variety of gastrointestinal
parasites including nematodes, cestodes, trematodes and protozoa. The overall prevalence of GIT-
parasites in calves was 66.4% in urban, peri-urban and rural areas of small holder dairy farms. Different
prevalence rate of GIT parasites was reported from different corner of Ethiopia as well as other countries
due to the difference in management, husbandry, climate, topography, and other factors. The prevalence
in the current study is higher than the findings of Tigist ef al. (2012) which was reported to be 41.30% in
Ambhara regional state. Adam and Anteneh (2011) reported 18% in Haramaya district of Oromia Regional
State and Bilal et al. (2009) reported 55.56% prevalence in Pakistan. On the contrary the result of this
study is lower than the previous 79.1% reported by Hailu et al. (2011) for Jimma town and 97% reported
by SA square ef al. (2013) in the case of southern Ghana.

The result of the current study showed significantly (p<0.05) higher prevalence of gastrointestinal
parasite in wet season (80%) than in dry season (53.5%). This finding is in agreement with many reports
of the world such as Fikru et al., (2006) and Deressa et al., (1998) in Ethiopia; Alim et al.,(2012),
Jeyathilakan ef al.,(2008), and Aktaruzzaman et al., (2013) in Bangladesh; Moyo ef al.,(1996) in
Zimbabuwe, SA square et al. (2013) in Ghana and Nginyi et al., (2001) in Kenya, all of which reported
higher parasitic infection during wet or rainy season compared with dry season. This is due to the
existence of adequate moisture and optimum temperature favoring the growth and survival of infective
stage of parasite in the pasture leading to the high probability of exposure of animals to the parasites
which results in higher prevalence of GIT parasite in wet season.

In this study the prevalence of gastrointestinal parasite across rural, per urban and urban dairy farmers
were identified. Higher prevalence was recorded in rural than per urban and urban dairy farms. The
reason for higher prevalence in rural area than that of peri urban and urban dairy farms may be due to
difference in management system and awareness of the farmers about the disease. Almost all farmers
found in urban area implement intensive management system whereas those farmers found in rural areas
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apply extensive management system. Moreover, urban dairy farmers have access to anti-helmentic drugs
and better awareness than rural farmers about the importance of de-worming.

In the current study comparison between male and female was made with regard to the prevalence of
GIT-parasites. The observed prevalence rate was 68.3% in male and 64.6% in female calves. However,
the difference was not statistically significant (P>0.05). The absence of association between sex agreed
with the findings of Tigist et al., (2012) in Gonder; Fikru et al., (2006) in western Oromia and Hailu et al.
(2011) in Jimma town. In contrast, the existence of association between sex and prevalence of parasites
were reported (Yeshiwas, 2013; Magsood et al., 1996; Valcarce and Garcia, 1999). According to these
findings, female animals showed higher parasitic infection than males despite similar management
practice due to the fact that female animals are more susceptible than male. Hence, sex is determinant
factor in influencing prevalence of parasites.

Age is supposed to have some association with occurrence of internal parasite because age has an effect
on responsiveness to the development of immunity causing lower worm fecundity in adult animals’
(Klooser man et al., 1991) as well as adult animal may acquire immunity to the parasites through frequent
challenges and expel the ingested parasite before they establish infection (Dunn, 1987 and Fishes et al.,
1989). Bilal et al., 2005 also reported that calves up to six months of age were more affected by
gastrointestinal parasite (86.67%) as compared to calves of 7-12 age (66%). However, in contrast to the
reports of above authors, the present study revealed that calves under 7 month of age were less infected
with parasite (58.4%) than calves 7-12 month of age (74.4%). The reason is that in the study area most of
the newly born calves are managed in the house so that they are stall fed where as those calves above
seven months of age are managed in free gazing system. Calves in the latter age group than those in the
former age group. This finding is in agreement with the work done by Adam and Antench, (2011) in
Haramaya district which reported the concomitant increase in parasite prevalence with age of animals.
This could be due to increase in frequency of contact and due to management factors.

There is still controversy among different authors on the issue of breed susceptibility to internal parasite.
In this study, the prevalence of gastrointestinal parasite was found to be significant (p<0.05) higher
(75.6%) in local bred calves than cross-breed calves (62.2%) which is in agreement with the report by
Tigist et al., (2012) in and around Gonder town. This may be due to the fact that the farmers owned cross-
breed or farmers that are found in urban areas tend to follow intensive management system where as those
farmers who have indigenous breeds tend to follow free grazing system (extensive management). Thus,
the chance of exposure of local-breed calves to infective parasitic egg or larvae was higher than that of
cross-breed calves.

The present study the body condition of calves were significantly associated (p<0.05) with prevalence of
GIT-parasite. Calves with poor body condition scores were infected at higher rate (79.1%) than calves
with medium (65%) and good (52.2%) body conditions indicating that GIT-parasitic infection could be a
major cause for loss of body condition of calves in the study area. This finding is in agreement with the
work done by Keyyu et al., (2003) in Tanzania and Tigist et al., (2012) in Ethiopia. However, the report
disagrees with the work of Fikiru et al., (2006) and Hailu et al., (2011).

In this study, the most prevalent parasite of calves was the strongyle (35.54%) whereas, the least
prevalent parasites were monesia (5.42%) and fasciola (3.61%) which is inagreement with the report by
Hailu et al., (2011) in small holder dairy farms of Jimma town. Similarly, Yeshiwas, 2013 also reported
higher prevalence rate (21.4%) of strongyle species and least prevalence rate (5.8%) of monesia parasite
in selected site of Bahidar area.
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CONCLUSION AND RECOMMENDATION

The prevalence calf GIT-helminthes in study area is 66.4% indicating that parasites can be considered as
one of the major production constraints of cattle in the study area. The prevalence of the helminthes found
to be higher in rural and peri urban areas than in urban dairy farms. The study also revealed that the GIT-
parasites were higher in local breeds as well as poor body conditioned calves than cross-bred and good
body conditioned calves. Higher prevalence of GIT parasites was recorded in wet season than in dry
season. In the present study all risk factors were found to be associated with the prevalence of GIT
parasites with the exception of sex. In conclusion, GIT-parasites cannot be ignored as a non important
disease in current study area where it may continue to become a hazard to livestock industry of the
country in general and inhibit the productivity of small holder dairy farmers of the area in particular.

Based on the above conclusion the following recommendations are forwarded:

All responsible body in general and small holder dairy farmers in particular should be made aware of the
impacts of the GIT-helminthes through veterinary extension like training, booklets, media etc.

To minimize parasitic infestation and the existed associated risk factors regular de-worming with
appropriate anti-helmentic drugs for each type of parasites should be given and

Appropriate management practices such as housing management, feeding management, grazing system
(eg. rotational and zero grazing) and health care (eg. acaricide spray) should be applied.
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Sero-prevalence study on Foot and Mouth Disease in Selected Districts of Western Oromia
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Abstract

A cross sectional study was conducted to determine the sero-prevalence and associated risk factors of
Foot and Mouth Disease (FMD) virus of cattle at Gobu-Sayo and Horro districts of western Oromia. A
total of 271 blood samples were collected from cattle of above 6 months of age and sera were collected
and stored at deep fridge(-20°C) until sent for analysis. It was found that FMD virus in the study area had
low sero-prevalence (4.8%). The study showed that there was no significance (p>0.05) difference in sero-
prevalence among the age group, sex, breed and body condition considered. However, there was a
significance (p<0.05) difference among locations. The sero-prevalence in Horro (5.2%) district was
higher than Gobu-Sayo (0.8%) district. Although its prevalence was low, it can cause a significant impact
on livestock productivity and international market. Thus creating awareness and designing appropriate
control mechanism will be important.

Key words: Sero-prevalence, Blood, Disease, Cattle, Western Oromia

Introduction

Foot and Mouth Disease (FMD) are caused by a virus of the genus Aphthovirus, family Picorna viridae.
There are seven serotypes of the virus namely: A, O, C, SAT-1, SAT-2 SAT-3 and Asia 1. Infection with
one serotype does not confer immune protection against another. Within serotypes many subtypes can be
identified by biochemical and immunological tests (OIE, 2004). The disease is characterized by high
fever, loss of appetite, salivation and vesicular eruptions on the feet, mouth and teats (Thomson, 1994).
The disease has a high morbidity although mortality is rare in adult animals. However, myocarditis may
occur in young animals resulting in death. The recovered animals remain in poor physical condition over
long periods of time leading to economic losses for livestock industries (Sangare, 2002).

FMD is endemic to most of sub-Saharan Africa, except in a few countries in southern Africa, where the
disease is controlled by the separation of infected wildlife from susceptible livestock as well as by
vaccination. Largely due to the endemic character of the disease and it does not normally cause high rates
of mortality in adult animals, its outbreaks are not perceived as important and are not reported or
investigated further to determine the causative serotypes. However, a number of countries now realize
that FMD is one of the trans-boundary diseases that should be controlled to ensure economic stability and
access to lucrative international export markets for animal and animal products.

The disease is an important constraint to international trade in animals and animal products (Sahle, 2004).
It specially restricts world trade in South-North direction. The endemically or sporadically infected
countries, which are mainly in the south, generally face total embargoes on the export of their live
animals and fresh meat to many other countries in the world (FAO, 1997). The current situation of FMD
in Ethiopia is alarming. There is no national control strategy; no legislation exists for imposing
restrictions on animals movements. Therefore, livestock are at risk from endemic strains as well as from
antigenic variants prevailing in neighbouring countries. The official data may not reflect the reality of the
disease along with the unreported cases by farmers and the few samples submitted from diagnosis (Sahle,
2004). There is no clear picture regarding the distribution pattern and prevalence of the disease in
Western Oromia. Therefore, the objective of the present study was to determine the sero-prevalence of
FMD and to identify some of the risk factors associated with the disease in the study area.

"1 ()



Livestock Research Proceeding

Materials and methods

Study area

The present study was carried out in Gobu-sayo and Horro districts of East Wollega and Horro Guduru
Zones of Oromia, respectively. The altitude of the zones varies between 700-2500 meters above sea level,
and the mean annual rainfall and temperature varies between 400-2000 mm and 15-27°C respectively.
Extensive farming and pastoral systems are practiced in this area with livestock production constituting
the major economic activity of the zone.

Study design

A cross-sectional sero-prevalence survey was conducted and risk factors such as age, sex, peasant
association origin, herd type, herd size and cross border migration of livestock were considered. A
peasant association is the association of peasants found in a certain locality where they have common
grazing and watering resources. A district can have more than two peasant associations.

Blood samples were collected from the jugular vein of randomly selected animals using vacuutainer tubes
and labelled immediately. The blood samples were allowed to stand overnight at room temperature to
allow serum separation. The serum samples were collected and then kept at -20°C until analysis. Finally,
the sera were transported from the collection site to the National Veterinary Institute by using an icebox.
The serum samples were tested using the FMD non-structural protein ELISA as described below to
determine if animals in the herd had been recently infected with FMD virus thereby estimating the sero-
prevalence in the herd, district or zones.

Sample size Determination

A two-stage cluster sampling technique was used to determine the sample size. The sampling frame of
peasant associations was prepared with the assistance of a zonal agricultural office and was picked
randomly but giving specific attention to agro ecology (low land, mid altitude and highland). To this
effect the actual sample size was calculated with the following pre-determined parameters.

Confidence interval= 95%, Expected prevalence = 12.5% (NVI record), Desired level of precision= 5%
In between cluster variance= 0.0002441, the in between cluster variance was determined by estimating
the standard deviation (that is, the average difference expected between individual cluster prevalence and
the overall mean cluster prevalence) and then squaring the standard deviation to give the variance
components between clusters (Thrusfield, 1995). The average individual owned herd size was determined
to be 30 cattle in the study area.

g=1.962(nvc + Pexp (1-Pexp))
nd2

Ts =1.962 *g*Pexp (1-Pexp)
gd2 -1.962vce

Where; n= herd size; VC= in between cluster variance; d= desired level of precision; Pexp= expected
prevalence; g= number of clusters needed; Ts =Total sample size. Thus, a total of 271 animals were
sampled from the selected areas.

Data Management and Analysis

The data was stored in Microsoft Excel Spreadsheet. Descriptive and analytical statistics was computed
using SPSS (2007) Statistic Package for Social Sciences Version 16.SPSSInc Software. Chi-square test
analysis was employed to test for association of risk factors with that of Foot and Mouth Disease
infection.
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Result and Discussion

The prevalence of FMD virus in different location is summarized in (Tablel). The overall result of the
study showed that only 4.8% of tested animals were found to be positive of FMD, indicating the lower
prevalence of the disease in the study area. The prevalence of the disease showed significant (p<0.05)
difference by location. It was found that 8.2% and 0.8% prevalence was observed in Gobu-Sayo and
Horro districts, respectively.

Table 1. The prevalence of FMD virus in the study district, by sex, breed, age, body condition and
study district.

Number Positive (%) xz (p-value)
Examined
District 7.97(0.004)
Horroo 147 12(8.2)
Gobu-Sayo 124 1(0.8)
Total 271 13(4.8)
Sex 1.98(0.13)
Male 135 403)
Female 136 9(6.6)
Total 271 13(4.8)
Age 3.41(0.05)
Young ((12) 108 2(1.9)
Adult(>2) 163 11(6.7)
Total 271 13(4.8)
Breeds 1.15(0.34)
Local 250 13(5.2)
Cross-bred 21 0
Total 271 13(4.8)
Body condition 1.7(0.67)
Poor 210 12(5.7)
Good 61 1(1.6)
Total 271 13(4.8)

It was observed that sex, breed and body condition didn’t cause any significance (p<0.05) difference in
prevalence of the FMD virus. However, the prevalence of the disease was significantly (p<0.05) different
by age of the animals. Accordingly it was found that younger animal were less susceptible to a disease
than older animals.

The individual animal sero-prevalence documented in this sero-survey was low as compared to the
previous reports of 8.18%, (Molla et al., 2010) and 9.5%, (Megersa et al., 2009) in South Ethiopia.
Moreover, our finding was extremely lower when compared to 21 and 26.5% reported by Shale et al.
(2004) and Rufael et al. (2008), respectively. The lower prevalence of the disease in Horro and Gobu-
sayo districts as compared to Borana pastoral areas (Rufael er al., 2008) might be due to restricted herd
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mobility, absence communal grazing areas and agro ecology of the area of the study area as compared to
Borana areas. According to Ekboir (1999) the movements of infected animals are by far the most
important dissemination and transmission means for FMD. In addition Paul ef a/. (1996) in northern
Thiland and Bronsvoort et al. (2004) in Cameroon observed the influence of the movement and keeping
animals at homestead in the incidence of FMD and concluded that movement caused significant role in
dissemination of the FMD virus. The higher sero-prevalence of FMD in adult animals than in young
animals was in agreement with the reports of Rufael ef al. (2008) in Borena pastoral area, Molla et al.
(2010) in south Omo zone and Megersa et al. (2009) in Gamo gofa and Sidama zones. On the other hand
Esayas et al. (2009) reported different finding from Bench Maji zone of southern Ethiopia who
documented no significant association between sero-positivity of FMD and age of cattle. The absence
significance difference due to sex was in consistent with the previous findings from different parts of
Ethiopia (Esayas et al., 2009; Megersa et al., 2009) On the contrary, Hailu et al. (2010) reported higher
incidence of FMD among female (16.63%) cattle than male (1.37%) in northwest part of Ethiopia

Conclusion and Recommendation

The sero-prevalence of FMD was found to be low (4.8%), but this level can cause damage in international
livestock trade. If there is no controlling intervention in palace, FMD can be hazardous to livestock
industry even with this lower prevalence Therefore, further identification and characterization of the
serotypes of FMD virus in the study area is very important in order to deliver effective vaccination
service for each serotypes. So that an efficient prevention and controlling measures like movement
control, quarantine, regular vaccination, etc. has to be implemented to avoid the economic impact and
dissemination of the disease called FMD in the study area.
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Abstract

The experiment was conducted at Bako Agricultural Research Center (BARC) with an objective of
evaluation of the replacement effect of formulated concentrate mix with cowpea hay in the daily ration of
lactating Horro cows fed natural grass hay. Five cows of similar milk yield, body weight, age of lactation,
but differing in parities were arranged in a 5x5 Latin square design. The animals were provided with
natural grass hay based diet adlibitum and supplemented with cowpea hay 0 % (T1), 25 % (T2), 50% (T3)
75% (T4), 100% (T5) to replace concentrate mix. Results of chemical analysis of the experimental feeds
indicated that cowpea hay had comparable nutritive value with concentrate mix. The daily dry matter
(DM) and crude protein (CP) intake were significantly (P<0.05) differ among the treatments with the
highest intake was observed for cows fed 50% cowpea hay (T3). Apparent DM digestibility of T3
(60.65%) was significantly (P<0.001) higher than T5 (47.18%). The milk yield were significant
differences among the dietary treatments with lower mean milk yield recorded in T4 and T5 as compared
to T1, T2 and T3. This implies that cowpea hay can replace up to 50% concentrate mix without any
significant reduction in milk yield. There were also no significance difference in milk composition and
live weight change among the dietary treatments. Moreover, economic analysis indicates that use of
cowpea hay up to 50% as supplement diet results to better economic gain. Hence, cowpea hay can both
biological and economically replace a concentrate diet up to 50% of replacement without significant
reduction in milk yield and live weight of lactating cows fed a basal diet of natural grass hay. Further
evaluation is important to determine the effect of dietary treatments over the entire lactation period for
conclusive economic decision.

Key Words: Cowpea, Digestibility, hay, Intake, Milk composition and Milk Yield

Introduction

In developing countries livestock sector is highly dynamic, to meet rapidly increasing demand for
livestock products. This demand is largely driven by human population growth, income growth,
urbanization and the production response in different livestock systems. The main constraint facing small
scale dairy farmers in smallholder mixed farming, pastoral and agro pastoral production systems across
East Africa is the inability to provide sufficient quantity and quality feeds to their livestock on a
consistent basis (Hall et al. 2008).

The major feed resources in Ethiopia for ruminants are natural pasture and crop residues, which are
categorized as poor quality roughage with low intake (Berhanu et al., 2009), due to their tough texture,
poor digestibility and nutrient deficiency (Mupangwa et al., 2002). Moreover, the importance of natural
pasture as source of feed resource is gradually declining as a result of the expansion of crop production,
redistribution of grazing lands to the landless and land degradation (Mulat, 1999).

Protein intake is improved by both the addition of a higher protein source feed and by increasing the
availability of protein through increased digestibility of the lower quality forage. The use of industrial by-
products of oil crops as supplement on low quality roughages are very expensive and unaffordable for



Livestock Research Proceeding

rural farmer, so as alternative solution forage legumes is another option as source of protein. Improving
the use and nutritional quality of natural grass hay by supplementation of forage legumes hay is important
to enhancing dairy cattle productivity.

Cowpea (Vigna unguiculata) is an important component in mixed systems and is valued for its potential
to produce high levels of hay/fodder for livestock. Studies indicated that cowpea hay addition improves
nutrient supply and growth of livestock over the use of low quality forages alone but degree of weight
change varies relative to total nutrient supply (Baloyi ef a/ 2008). One benefit of the use of cowpea hay as
a supplement is the provision of nitrogen to the rumen microbes, allowing them to improve utilization of
the low quality forage.

Therefore the objective of this study was to determine the amount of cowpea hay that can replace the
recommended amount of formulated concentrate mix with out affecting voluntary feed intake, feed
conversion ratio and milk yield and composition of lactating Horro cows fed natural grass hay as basal
diet.

Materials and Method

Description of the Study Area

BARC is located in Oromia Regional State West Shoa Zone at about 257 Km from the capital city Addis
Ababa on the way to Nekemte town. The centre is located at 8 km from Bako town. The altitude of the
research centre is 1650 masl and it lies at about 09°6°N latitude and 37°09’E longitude.

The area has a warm sub-humid climate with annual mean minimum and maximum temperature of 13°C
and 29.9°C, respectively. Mean monthly minimum and maximum temperatures are about 10.4°C and
33.6°C, respectively, with an average monthly temperature of 21°C. The daily mean minimum and
maximum temperatures are 9.4°C and 31.3°C, respectively. The relative humidity of the area was 48.8%
for the year 2013/14 cropping calender during which the experiment was conducted. The area is known
by unimodal types of rainfall and receives annual rainfall of 1431 mm mainly from May to September
with maximum precipitation in the month of June to August. Sixty percent of the soil is reddish brown in
colour, and clay-loam in texture (Wakene, 2001).

Experimental Animals and Management

A total of five Horro breed cows were used for the experiment. Experimental cows with similar lactation
performance, at early stage of lactation, similar body weight, but with different parities were selected
from the total dairy herd available in BARC. All cows were weighed and drenched with a broad-spectrum
anti-helminthics (Albendazole 500 mg) prior to the commencement of the experiment. The calves were
separated from their dams five days after parturition and reared according to the standard calf rearing
procedures of the research centre. The cows were placed in an individual pen and stall-fed in a well-
ventilated barn with concrete floor and appropriate drainage slope and gutters. The cows were hand-
milked twice daily at approximately 12-hour intervals in milking room.

Feed Preparation and Feeding

Cowpea (Vigna unguiculata) and natural grass hay were harvested at appropriate stage and dried,
chopped and stored under a hay shade and used throughout the experimental period. The basal feed offer
was adjusted daily by allowing 20% of refusal from previous day’s intake. The quantity of concentrate
mix offered daily was at the rate of 0.5 kg/l of milk produced by each cow and offered with equal portions
during the morning and evening milking time, respectively. The amounts of cowpea given were
calculated depend on the amount of CP in the concentrate diet making the feeds isonitrogeneous.
Representative and composite samples of all experimental feeds were taken for laboratory analysis.

. |
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Experimental Design, Treatments and Measurements

At the beginning of the experiment, five cows were randomly assigned in a switch over 5X5 Latin square
design. There were five periods each consisting 30 days. During the first 15 days of each period, animals
were acclimatized to the experimental diet and the remaining 15 days were used to collect data. Hence,
the experiments took 150 days; being started in December 2013 and finished in April 2014. The
experimental animals were initially randomly allotted to one of the five dietary treatments given below.
The concentrate mix is (49.5% maize grain +49.5% noug seed cake + 1% salt). The treatments were:

T1: Concentrate mix (100%) + Natural grass hay ad libitum

T2: Concentrate mix (75%) + Cowpea hay (25%) + Natural grass hay ad libitum
T3: Concentrate mix (50%) + Cowpea hay (50%) + Natural grass hay ad libitum
T4: Concentrate mix (25%) + cowpea hay (75%) + Natural grass hay ad libitum
T5: Cowpea hay (100%) + Natural grass hay ad libitum

The basal feed was offered ad libitum at a 20% refusal rate and the offer was adjusted every four days.
The quantity of concentrate mix offered daily was at the rate of 0.5 kg/l of milk produced by each cow
and it was offered with equal portions during the morning and evening milking. Adjustments for
concentrate offer was made at the end of each period and for each treatment based on the actual milk
produced. The amounts of cowpea hay given was depending on the percentage of crude protein in the
concentrate feed and equivalent CP contents were adjusted depending on the CP in the formulated
concentrate mix and CP in the cowpea hay. Feed offered and refused was measured and recorded for each
cow to determine daily feed and nutrient intake. Water was available to the animal all the time throughout
the experimental period.

The daily milk yield data of individual cows was taken using a Salter balance. About 100 ml milk sample
in the morning and afternoon was taken twice every week during the experiment from each cow into a
glass measuring cylinder (100ml capacity) after the milk was thoroughly and gently mixed. Body weight
was recorded for two consecutive days at the beginning and end of each experimental period for each
treatment to monitor body weight change that may occur as a result of dietary treatments.

Apparent Digestibility

Apparent digestibility of the diet used in each treatment was determined using total feacal collection
methods for a period of 5 consecutive days at each period. Farm personnel were assigned around the
clock to scoop faeces into plastic buckets as soon as the animals defecated. Urine contamination was
minimized by frequent washing of the concrete floor with high pressure running water using a plastic
water tube. Individual cow’s faeces were weighed every morning before 08:00 hours and before fresh
feeds were given to the animals. After weighing, the facces from each cow were thoroughly mixed and a
sample was taken and placed in polyethylene bag. Composite samples of about 1% of the daily collected
fecal samples were mixed and stored as one sample in a deep freezer (-20 °C) until the end of the
collection period. At the end of the collection period, the 5 days pooled samples were subsequently
thawed and mixed thoroughly and two subsamples were taken. One sample taken for estimating DM was
oven dried at 105°C for 24 hours, while the other sample was oven dried at 65°C for 72 hours, ground to
pass a lmm sieve and stored in sample bottles at room temperature. Composite samples of each of the
natural grass hay, cowpea hay, concentrate mixture and faecal DM output were analysed to determine
DM, OM, N, NDF, and ADF digestibility. Formulas used to determine Apparent DM and nutrient
digestibility were:

Apparent DM digestibility (%) = DM intake- DM excreted in feces X 100
DM intake
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Apparent nutrient digestibility (%) = Nutrient intake- Nutrient excreted in faeces -X100
Nutrient intake

Invitro Organic Matter Digestibility

The two stage rumen inoculums-pepsin method of Tilley and Terry (1963) were used to determine
IVOMD. Rumen liquor was collected from ruminally festulated steers and transported to the laboratory
using thermos flasks that had been pre-warmed to 39 °C. Rumen liquor was taken in the morning before
animals are offered feed. A duplicate sample of 0.5 g of each were incubated with 30 ml of rumen liquor
and a buffer in 100 ml test tube in water bath at 39 °C for a period of 48 hour for microbial digestion
followed by another 48 hour for enzyme digestion with acid pepsin solution. Blank samples containing
buffered rumen fluid were incubated in duplicates for adjustment.

In vitro OM/ DOMD = _OM in the feed- (OM in residue — blank) x 100
OM in the feed

Where OM = 100 - Ash (measured after incineration of feed or residue)
Metabolisable energy contents of the feeds were estimated from in vitro organic matter digestibility
(IVOMD) as described by McDonald et al. (2002) : ME (MJ/kg) = 0.016 IVOMD.

Natural grass hay and cowpea hay samples were taken directly from the store of hay every two weeks
after the hay chopped to represent the actual feed consumed by the cows. Samples of concentrate were
taken from total concentrate mix. Similarly, feed refusals samples were taken four times per week for two
weeks for each treatment and composited for each treatment from which sub-sample was taken for
analysis per treatment. Partially dried samples were ground using Cyclo-Tec mills to pass 1 mm sieve size
for proximate, detergent, and invitro digestibility analysis and kept at room temperature in sealed plastic
bags until they were used for analysis. The milk samples were composited per cow and per treatment and
two times samples were taken per period for chemical analysis.

All samples of feed offered and refusals and faeces were analyzed for DM, ash, N (Kjeldahl-N)
according to AOAC (1990). Organic matter (OM) was determined as 100-ash. Neutral
detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were determined by
the methods of Van Soest and Robertson (1985). Invitro organic matter digestibility of feed offered and
refusal was determined using the procedures outlined by Tilley and Terry (1963). The milk samples
were used to determine percentage fat, protein and solid not fat (SNF) by Ultrasonic Ekomilk Analyzer
(30 w Bulteh 2000, Bulgaria), which have the capacity to measure 20-25 samples per hour. Total milk
solids (TS) were calculated as TS = SNF+Fat. Calcium and phosphorous content of the offered feeds
were analysed by atomic absorption spectrophotometry and colorimetry (AOAC, 1995) respectively.

Partial Budget Analysis

A simple partial budget analysis was conducted by using marginal analysis of dietary treatments cost
based on calculation of the total cost of supplement feed (concentrate) and the two basal diets. Milk sales
price and labour cost incurred during the entire experimentation process were also considered. The milk
price was fixed based on the milk price paid to farmers by the Dairy Development Cooperatives (DDC) in
the study area. The prices of the natural grass hay, cowpea hay and ingredients used to form concentrate
mix were obtained from the current market price during the experimental period. Partial budget analysis
by using marginal analysis was employed to compute total cost of production /cow/day, mean milk
yield/cow/day, price of milk/cow/day, cost of production/litre of milk, return/cow/day, net return/cow/day
and MRR return/cow/day. Calculations employed were;

Net return (NR) = Total revenue (TR) — Total variable cost (TVC)
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ANR=ATR- ATVC

Marginal rate of return (MRR %) =  ANR-X 100
ATVC

Where, ANR = Change in net return, ATVC = Change in total variable cost and ATR Change in total
revenue

Statistical Analysis

Voluntary DM and nutrient intakes, live weight change, milk yield and compositions, and digestibility
were subjected to GLM procedure for Latin Square Design using Statistical Analysis System (SAS,
2002). Treatment means were separated using Least Significant Difference (LSD). The models used
for the analysis of data were: Yijk = pn + Ci +Pj + Tk + Ejjk, Where; p = Overall mean; Ci = Cow
effect (parity); Pj= Period effect; Tk = Treatment effect; Ejjk = Experimental error

Results and Discussion

Chemical Composition of Experimental Feeds

The DM content was almost similar for all ingredients used in the present study Tablel. The OM content
was relatively higher in maize grain, followed by the concentrate mix and least in natural grass hay. The
neutral detergent fiber concentration showed much variation with the highest value recorded for the
natural grass hay followed by cowpea hay and the concentrate mix, respectively.

Table 1. Chemical composition, in-vitro dry matter digestibility and metabolizable energy content
of experimental feeds (% for DM and as % of DM for values of other components)

EME= Estimated Metabolisable Energy (0.016*DOMDM); NGH=Natural Grass Hay; NSC= Noug

Seed Cake

Feeds offered DM OM CP NDF ADF ADL E(R;H? gﬁ) {)V bM Ca P
NGH 92.62 88.4 11.72 7246 48.68 632 798 4990 0.12 099
Cowpea hay 90.64 89.76 21.03 4738 3142 54 9.67 72.9 1.03  0.22
Maize grain 89.2 98.3 8.4 5.6 2.40 - 15.6 97.50 0.02 092
NSC 92.00 89.00 31.7 32.3 29.8 10 11.1 69.20 035 0.83
Concentrate 92.74 94.85 2527 32,67 17.13 210 122 70.18 0.28  1.60

The supplements (concentrate mix and Cowpea hay) have the higher CP and lower NDF concentrations
relative to natural grass hay. The concentrate mix and cowpea hay have CP contents greater than 15%, a
level that is usually required to support lactation and growth (Norton, 1982). The low levels of NDF in
both supplements are indicative of high cell soluble matter. The ADF fraction in cowpea hay was slightly
higher than that observed for concentrate mix. The IVDMD of cowpea hay (72.9%) observed in the
current study lies within the range (53.2-73.6%) and greater than the mean (66.8%) reported by Seyoum
(1995) for most herbaceous legumes. The [IVDMD of cowpea hay is greater than the [VDMD reported for
tropical (56.6%) or temperate legumes (60.7%) (Minson and Wilson, 1980). This might have resulted
from the stage of harvest and loss of nutrients during the hay making process in the present trial. Based on
chemical and digestibility values suggested by Singh and Oosting (1992), both supplements used in the
present study can fully replace each other. Thus, there is an enormous potential for cowpea hay to be used
as a supplement to low quality basal feeds.

____________________________________________________________________________________________ [
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Dry Matter and Nutrients Intakes

Dietary treatments were significantly (P<0.05) affected both basal feed and nutrient intakes of the cows
Table 2, but increasing replacement of concentrate with cowpea hay caused a numerically substantial
increase in natural grass hay intake for T3 over both the control and 100 % cowpea hay supplemented
cows. Cows fed on T3 (50% cowpea hay replaced) had consumed 0.47 kg/ d, 0.51 kg/d, 0.62 and 1.14
kg/d more natural grass hay than those maintained on T1, T2, T4 and TS5 respectively. However,
replacement of concentrate with cowpea hay at a rate of 50% had significantly (P<0.05) increased total
DM intake over those cows, which have received cowpea hay at the rate of 25% replacement. This was
equivalent to consuming extra feed of about 0.51kg/d.

Table 2. Dry matter and nutrient intakes of Horro cows fed ad libitum of natural grass hay and
supplemented with cowpea hay as a partial replacement to concentrate mix.

Parameters Treatments

Tl T2 T3 T4 T5 SEM  SL
Dry matter intake
Total DM (kg/d) 553" 5.49® 6.0 5.38% 4.86° 036  0.03
DMI (% BW) 2.64 2.63 2.91 2.61 2.43 0.21 ns

DMI (g/kg W' 100.35  100.01 109.87 98.79 91.32 7.51 ns
Nutrient intake

OM (kg/d) 5.07®  5.03® 5.51° 4.88%® 437° 035  0.04
CP (kg/d) 0.81*  0.81% 0.8965" 0.78% 0.64° 0.06  0.03
ME (MJ/d) 36.06  40.24 40.028 44.85 40.64 383  ns
NDF (kg/d) 320 3.61 3.32 3.75 3.77 035 ns
ADF (kg/d) 238 232 2.5301 229 221 0.16  ns
ADL (kg/d) 0.33 0.32 0.35 0.30 0.29 0.024  ns

““means within rows having different superscript are significantly different at; (*) = P<0.05; SL =
Significance level; SEM = standard error of mean; ns = not significant

Treatment effects on crude protein intake (CPI) were found to be significant (P<0.05) among the 50%
cowpea hay supplemented and 100% cowpea hay supplemented group. Increasing levels of cowpea hay
in the total diet didn’t result in a significantly (P>0.05) higher level of CPI though; the overall CPI is
much higher than the projected CP requirement (ARC, 1990). The CPI was larger than expected to meet
the CP requirement of the cows for both the observed (2.95kg d™") and the projected (8-10 lit/day) (ARC,
1990) milk yield. In general, the improved CPI with cowpea hay -supplemented groups T3 (50% cowpea
hay replaced) might have been attributed to the combined effect of cowpea hay with the concentrate mix.

As a rule of thumb, addition of forage legume to a basal diet of low nitrogen content will increase the
nitrogen content of the total diet, which in turn is likely to increase feed intake and the rate of degradation
of the basal diet in the rumen (Topps, 1997). This, therefore, explains why forage supplementation has
increased total DM intake for natural grass hay based treatments comparable to the control diet (T1) in the
present trial without significantly (P>0.05) reducing the basal feed intake. The numerically increased
DMI obtained for T3 might have arisen from the more balanced intakes of both CP and ME that have led
to a more efficient utilization of the fiber in the total diet. This is in agreement with other studies
(Mpairwe, 1998).

The highest MEI (44.85 MlJ/head/day) obtained for 50% cowpea hay replacement of concentrate mix is
far from the estimated daily ME (97.6 MJ/head/day) requirement of lactating cows weighing 400 kg and
producing 8-10 kg milk of 4.5% butter fat (ARC, 1990). Total ME intake across all the treatments were
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sufficient to meet the daily requirement for ME of cows with a mean daily milk yield of 2.95 kg in the
present trial.

Metabolisable energy intake either among the cowpea hay supplemented group, or when this group was
compared with the control was found to be non-significant (P>0.05) for all dietary treatments considered.
Mpairwe (1998) reported that lactating crossbred cows were found to optimize their energy intakes and
OM digestibility when a forage legume (Lablab) was supplemented to a basal diet of oat-vetch and maize-
lablab basal diet at a modest level of wheat bran supplementation than when the concentrate alone was
offered.

Apparent Dry Matter and Nutrient Digestibility

Treatment effects on mean daily Apparent Dry Matter and Nutrient Digestibilitesa is shown in Table 3.
As seen in Table 2, total DM intake tended to be significant (P<0.05) for T3, when compared to T5
dietary treatments. However, increasing level of cowpea hay seems to have significantly (P<0.01)
increased DM intake only up to T3. Thus, a tendency for increased ADMD was observed with
replacement by cowpea hay from 25% to 50%. However, further increase in the quantity of cowpea hay
replacement from 50% to 75% was not accompanied with numerical improvement in ADMD. Thus,
apparent DM digestibility of the total diet was observed to be more optimized when cowpea hay was
included at the rate of 50% replacement, without any significant (P>0.05) reduction in the basal feed
intake. Therefore, cowpea hay at those levels of concentrate replacement can fairly be compared with the
concentrate mix (control) as a supplement to low quality basal roughages without any significant
reduction (P>0.05) and substitution effect on basal feed intake. Pathak (2005), in his review, reported
ADMD of 48.6% for 3% urea treated wheat straw supplemented with a concentrate mix and a small
amount of green forage legume for local cows. The differences could also be attributed to the negative
relationship arising as a result of the difference between the amount consumed and digestibility (Chilliard
et al., 1995).

Treatment effects on CP digestibility coefficient were found to be significant (P<0.05) between the 50%
cowpea hay supplemented groups and 100% cowpea Hay supplemented group. CP digestibility was
optimized at 50% of cowpea hay replacement. The absence of significant difference (P>0.05) with the
control for both CPI and digestibility could lead to a definitive conclusion that cowpea hay could partially
replace a concentrate mix in the present trial. The mean CP digestibility (65.4%) observed in the present
study could safely be compared to the mean CP digestibility of 71.5% reported by Mpairwe (1998) for
crossbred cows fed low quality basal diets and supplemented with graded levels of lablab hay and wheat
bran. In all cases, the variations were assumed to have occurred from the difference in the type and
quality of concentrates/forage legumes used as supplements, breed and/or species of the particular animal
used in the experiment and the quality of the basal roughage used.

Dietary treatments had significant (P<0.01) effect on apparent acid detergent fibre digestibility (AADFD).
Similar finding has also been reported by Bareeba and McClure (1996) in which AADFD digestibility
was 42.8% for urea treated maize stover supplemented with 20% alfalfa. In this experiment too, higher
levels of cell wall (ADF) digestibility were optimized when the basal material was supplemented with a
moderate level of (50%) concentrate replacement.
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Table 3. Effect of cowpea hay replacement of a concentrate mix on mean daily Apparent Dry
Matter and Nutrient Digestibility of experimental cows fed ad libitum natural grass hay

Apparent Treatments

digestibility (%)  TI1 T2 T3 T4 T5 SEM SL
DM 56.46° 57.06 60.65 5443 47.18° 2.75 0.04
CP 64.02° 62.34" 65.40° 5922  50.61° 3.05 0.03
oM 59.58° 59.86° 62.87° 57.03"®  49.86° 2.79 0.02
NDF 46.94 54.31 49.63 51.78 49.96 3.71 ns
ADF 49.74% 5™ 49.74° 4482  43.01° 2.89 0.01

a- ¢

means within rows having different superscript are significantly different at; (*) = P<0.05; SL =
significance level; SEM = standard error of mean; ns = not significant

Milk Yield and Composition

Milk yield seemed to have declined with an increase in cowpea hay proportion in the total ration (Table
4). So there seems to be no beneficial advantage of increasing cowpea hay in the total ration beyond 50%.
There was no significant difference (P>0.05) in daily milk yield between the control and the cowpea hay
supplemented group up to 50% level of cowpea hay replacement. The observed lack of difference for
milk yield and quality between the control and cowpea hay supplemented groups up to 50% provides
sufficient evidence to accept the result of the current study that showed cowpea hay can partially replace a
concentrate mix without any significant reduction in milk yield and quality.

Treatment effects were also non-significant (P>0.05) for milk fat, milk protein, and solids not fat. The
value of milk protein is high due to the amount of protein intake. The value of milk fat is also high
because of the amount of roughage intake is high since roughage and milk fat has positive correlation.
The high level of fat reported in this study (Table 4) compared to other studies for poor quality basal
feeds supplemented with forage legumes (Mpairwe, 1998) were probably associated with higher and
better utilization/intake of dietary fibre (Table 2) from which the precursor for mammary lipid synthesis
is derived (Susmel ef al., 1995).

Table 4. Milk yield and composition, and Live Weight Change of the experimental cows

Parameters Treatments SEM SL
T1 T2 T3 T4 T5

Milk yield (kg/d) 3.16°  3.08"  3.31° 2.75% 2.43° 0.17 *

Milk fat (%) 6.22 6.68 6.11 6.12 6.08 0.29 Ns

Milk Protein (%) 3.35 3.61 3.69 3.49 3.60 0.11 Ns

SNF (%) 9.27 8.64 8.85 8.62 8.66 0.295 Ns

Live weight change g/day) -58.6 -54.435  -53.58 -52.065  -48.75 5.755 Ns
“ “means within rows having different superscript are significantly different at; (*) = P<0.05; SL =
significance level; SEM = standard error of mean; ns = not significant

Mean Daily Live Weight Change

Daily mean live weight change of cows on the different treatments is given in Table 4. Live weight loss
was numerically lower in cows on T3 (50% replacement) compared to those cows maintained on T1 and
T2. According to Mukassa-Mugerwa (1989), lactating cows will probably lose weight after calving, but
weight loss should be minimized through good feeding to allow them to start cycling again to allow
annual calving. During the early lactation (first three months after calving) all cows in the current study
lost body weight, with a declining trend with advance in lactation.

2 I
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The variation in live weight change with previous researchers could be explained by the difference in the
stage of lactation and genetic potential of the animals used in the experiments, the quality of the basal
feeds used and the quality and quantity of supplements used in the respective cases. Garnsworthy (1997)
noted that cows in early lactation and those of higher genetic merits partition energy towards milk
production at the expense of body fat reserve. This author further noted that cows normally lose 0.5-1.0
kg of body weight each day for the first eight weeks of lactation and this is mostly body fat. Therefore,
increased energy intakes at this stage of lactation is expected to result in further increases in milk yield, if
the cow’s genetic potential has not been reached and/or a reduction in the daily amount of body fat
mobilized.

Cows on all dietary treatments in the present study were losing body weight progressively during the first
period of the lactation cycle, which can be solely attributed to peak lactations. Cows were still losing
body weight after the first period of the lactation cycle, but with a generally declining trend. However,
improvements in body weight condition of cows have also been observed for all dietary treatments during
the last period of the lactation cycle, all of which could probably be associated with availability of more
nutrients in the form of protein and energy from the complete ration. Furthermore, the decreased milk
yield during this period must have also contributed to a more diversion of the available nutrients to body
fat depositions. Taddele et al. (2005) reported a non-significant difference between dietary treatments for
milk yield of Boran cows maintained on low quality basal diet (teff straw) supplemented with graded
levels of lablab hay replacing a concentrate mix.

Partial Budget Analysis

The economic feasibility of this study was analysed using partial budget and marginal analysis
approaches. According to this analysis, cows in T3 gave the highest net benefit (Birr 3.91 per cow/day),
while cows in T5 gave the lowest net benefit of Birr 1.71 per cow/day (Table 5). The minimum rate of
return acceptable by the dairy farmer was assumed to be 50% (CIMMYT, 1985). This implies that the
dairy farmer expects a minimum rate of return of 50% if he is to adopt a new practice as compared to the
practice he used to do.

Among the treatments, the largest change in cost that varies was birr 4 per day and the change in net
benefits was birr 2.2 per day resulting in 54.9% marginal rate of return was recorded for T3. So for each
birr invested in input for a cow, the farmer would recover birr 1(one) and an additional birr 2.2 at a given
prices. Therefore, on the basis of MRR the technology is recommended for increasing milk productivity
of cows. The result of MRR of the present study was in the profitable range between 158% and 131.85%
reported by Shah ef al. (2009) who worked on an on-farm trial of urea mineral molasses blocks fed to
milking cows and buffaloes, respectively.

Table 5. Partial budget analysis for the experimental

Variable Treatments

T1 T2 T3 T4 T5
Milk yield (kg/cow/d) 3.16 3.08 3.31 2.75 2.43
Gross field benefit ( ETB /cow/d) 53.72 52.36 56.27 46.75 41.31
Cost of NGH ( ETB/ kg /cow/d) 13.83 13.545 14.63 13.3 11.9
Cost of cowpea hay ( ETB/ kg /cow/d) - 1.84 3.96 4.96 5.84
Cost for Concentrate mix (ETB/kg/cow/d) 7.9 5.8 4.15 1.5 -
Cost of Tablet and labour (ETB /cow/d) 15 15 15 15 15
Total variable cost ( ETB /cow/d) 36.73 36.185 36.74 34.76 32.74
Gross income, ETB/head 17.00 16.18 19.53 11.99 8.57
Net benefit ( ETB cow/d) 3.40 3.24 3.91 2.40 1.71
Change in net income 1.69 1.53 2.20 0.69 0.00
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Change in total variable cost 3.99 3.45 4.00 2.02 0.00
MRR, % 0.4238 0.4427  0.5490  0.3406 0O
ETB = Ethiopian Birr; MRR = Marginal rate of return

A rational dairy farmer has to make a compromised decision so that he could opt for a more sustainable
milk yield and reasonable profit throughout the entire lactation period, although, this study emphasises
the importance of additional observations to see the likelihood of lactation curve for all dietary treatments
in the remaining part of the lactation cycle for conclusive economic decision. Generally, those cows
supplemented with 50% cowpea and 50% concentrate with basal diet of natural grass hay optimise both
biological and economic benefits as compared to cows consumed other treatment rations. However, since
the cost for most inputs are variable over time, it cannot be taken for granted that the net benefit obtained
from this study would be sustainable over years or locations. The increased net benefit obtained for cows
in T3 was generally due to the low cost of cowpea production. This implies that whether response to
feeding supplemental diet of cowpea is beneficial in economic terms depends on the cost of growing and
biomass yield of the forage. In general, it can be understood from the present trial that if farmers establish
and use cowpea hay, milk yield from dairy cows can be improved economically

Conclusion and Recommendations

The daily DM and CP intake were significantly (P<0.05) differ among the treatments with the highest
intake observed when cows were fed 50% cowpea hay (T3). Apparent DM digestibility of T3 (60.65%)
was higher (P<0.001) than T5 (47.18%). The milk yield were significant differences among the dietary
treatments with lower mean milk yield recorded in T4 and T5 as compared to T1, T2 and T3. This implies
that cowpea hay can partially replace a concentrate mix without any significant reduction in milk yield
and composition. Therefore, milk yield seemed to have declined with an increase in cowpea hay
proportion in the total ration beyond 50%. The results of the present study lead to acceptance of the fact
that dry season feeding strategy using high protein farmer-grown cowpea hay in association with natural
grass hay can be a significant intervention in small scale dairy farms. Furthermore, from the present
study, it can be concluded that cowpea hay can both biological and economically replace a concentrate
diet up to 50% of replacement without significant reduction in milk yield and live weight conditions of
lactating Horro breed cows fed a basal diet of natural grass hay. However, there is a need for further study
to determine the effect of such dietary treatments over the entire lactation period for conclusive economic
decision. Moreover, in order to verify the importance of the present study at farmer’s level, undertaking
on-farm trials using the treatments used in the current study is worthwhile.
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Abstract

A preliminary survey was carried out in some districts of East Wollega, Horro Gudur Wollega and West
Shoa zones of Oromia from January to March 2012 to investigate the production and health constraints of
village chicken under farmers’ management condition and generate baseline data for future genetic
improvement. Purposive sampling technique was used for sites selection mainly focusing on accessibility
and chicken production potential. A total of 100 farmers were interviewed using semi-structured
questionnaire. The questionnaire was pre-tested before commencement of the actual work. The average
chicken flock size was 9.3+0.7 per household. Traditional poultry production is a common practice in the
study areas. No supplementary feed is offered other than grains in wet season when feed is scarce.
According to majority of the respondents (78%) chickens are reared for income generation, household
consumption (20%) and cultural and religious purposes (2%). There were attributes preferences like
feather color and comb type both for market and breeding purposes. According to the respondents red
feathered (59%) and white feathered (25%) chickens are the most preferred types. Owners attributed
white feather color with high egg production. Diarrhea was the major problem identified by respondents
of the study areas. Predators such as eagles were also reported as major bottlenecks to chicken production.
We suggest capacity building for farmers and extension staff in areas of ration formulation from locally
available feed resources, health management and record keeping for improved production and
productivity.

Key words: Chicken, diseases, traditional management, Oromia, Ethiopia

Introduction

The total chicken population in the country is estimated to be 50.38 million (CSA, 2013). Despite such
large population, the total output of poultry is very low. Majorities (99 %) of these chickens are
maintained under a traditional system with little or no input for housing, feeding or health care (Tadelle
and Ogle, 2001). In most parts of Ethiopia, village chicken represents a significant component of the rural
household livelihood as a source of cash income and nutrition (Dhuguma, 2009). Indigenous chickens,
which are managed under extensive systems accounts for 99% of the total population in Ethiopia
(AACMC, 1984). Samson and Endalew (2010) reported that traditional chicken keeping is practiced
nearly by all family in rural Ethiopia due to the fact that they provide protein for the rural population and
generate family income. Alemu (1987) and Smith, 1990) revealed that poultry production is an ideal
starting point for beginning animal agriculture for their ability to adapt to most areas, rapid growth rate,
short generation time, low initial investment and small land size requirement In addition, the local
chicken sector constitutes a significant contribution to human livelihood and contributes significantly to
food security (Dhuguma, 2009). In Ethiopia lack of knowledge about improved poultry production,
limitation of feed resources, prevalence of economically important diseases (Newcastle, Coccidiosis etc)
as well as institutional and socio-economic constraints remains to be the major challenges in village based
chicken productions (Ashenafi et al., 2004). In East Wollega, Horro Guduru Wollega and parts of West
Shoa, the average land holding was about 2.3ha of which about 1.8ha (78.3%) being allotted for cropping
and 0.5ha (21.7%) for grazing (Solomon Abegaz et al., 2005). This implies that introduction of improved
small-scale poultry (chicken) production is crucial to alleviate the poverty in our poor rural farmers. It has
been raised many times from agricultural offices of East Wollega Zones during agricultural development

2 &



Livestock Research Proceeding
-

partners’ linkage advisory council (ADPLAC) review meeting as research on poultry and goat has been
forgotten and needs to be given priority. Therefore, the study was conducted to assess production and
health constraints of village chicken production under farmers’ management condition in the study area.

Materials and Methods

Study Area

The survey was carried out in Western Oromia zones of East Wollega, Horro Guduru Wollega and West
Shoa. Five districts per zone and two peasant associations (PAs) from each district were included in the
current study. Purposive sampling techniques were used to select the districts and PAs. Data on chicken
population, productivity, family chicken production objectives, and production, productivity and health
constraints were collected using semi structured questionnaire. A total of 100 farmers owing chicken were
interviewed.

Data Analysis

Descriptive statistics like mean, range, frequency and percentage were used to analyze the data using
Statistical Package for Social Sciences (SPSS, 2011) Version 16.

Results and Discussion

Socioeconomic characteristics of the household

Family size of respondents ranges from 2-12 persons with an average of 6.74 (+0.24) Table 1. The mean
family size obtained in the current study was lower than the 8.5(+3.66) reported by Solomon et al. (2005)
for East Wollega (recently divided into Horro Guduru Wollega and East Wollega zones) and west Shoa
zones. The mean land holding per household of the interviewed farmers was 2.62 (+0.25) ha and it ranges
from 0.25 to 13.5. About 2.15 (+0.20) ha of land was allocated for crop production leaving only 0.81
(£0.07) ha for grazing (Table 1). Based on respondents, grazing land has been decreasing from time to
time mainly because of cropland encroachment and the increase in population size.

Table 1. Ages, family size and land holding of the respondents

Characters N Min Max Mean SD

Family size 100 2.00 12.00 6.74 0.24
Land holding (ha) 97 0.25 13.50 2.63 0.25
Crop land (ha) 96 0.25 12.00 2.16 0.20
Grazing land (ha) 56 0.00 2.50 0.81 0.08

N= Number of respondent, SD = standard deviation

Famers acquired foundation flock of chicken through different systems. The majority of respondents
obtained by purchase (91.9%), sharing of chicks called “Ribbi” (6.1%) and acquired from parents (2%).
Similarly, Mammo (2007) also reported that about 75.5% of chicken producers in Jamma woreda of
South Wollo acquired foundation and replacement stocks mainly by purchasing from market.

___________________________________________________________________________________ gl
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Table 2. Systems through which farmers obtained their chicken

Obtained by N(100) Percent (%)
Purchase 90 90.0

Gift from parent 2 2.0

Shared from other people 6 6.0
Breeding 2 2.0

N=Number of respondents
In the current study about 74% of the respondents reported that the trend of poultry production has been
increasing, while about 24% of the respondents reported that the trend has been decreasing and only 2%

of the respondents reported that they don’t have information about the trend of chicken production.

Table 3. Trend of poultry production among farming community/private sectors

Trend of production N Percent (%)
Increasing 74 74.0
Decreasing 24 24.0

Have no information 2 2.0

N= Number of household

The average mean price of cockerel was greater than both pullet and hen but the difference is not this
much when we compare the average mean price of cockerel and hen Table 4. Fifty percent of the
respondents had access to credit service. About 64% of the interviewed farmers who had got the credit
service used the money they borrowed to establish improved poultry production, purchase agricultural
input (e.g. fertilizer and improved seeds) and ploughing oxen. It was also reported that some of
respondents use the credit money for trading. About 37% of the interviewed individuals cannot estimate
the time spent daily on poultry management while about 62.9 % can estimate the time spent. About 38%
of the respondent said they can spend an hour per day on total poultry management.

Table 4. Prices for different types of chicken and egg during the study period

Price of different group of Freq Minimum Maximum Mean SD
chicken and egg

Average price of egg 96 1.00 2.50 1.69 0.03
Average price of pullet 96 25.00 71.0 57.19 7.53
Average price of hen 96 25.00 95.00 63.02 1.64
Average price of cock 96 50.00 150.00 99.64 2.04
Average price of cockerel 95 40.00 125.00 67.79 1.57

Production performance of chicken

The average age of local pullet to 1% egg is about 5.7 months. The number of clutches/chicken /year is
about 4.6 and the average number of eggs per clutch/ local chicken is 14.2 (Table 5). Fisseha et al. (2010)
reported longer age (month) of indigenous pullet at 1* laying in Bure (6.42), Fogera (5.9) and Dale (7.1)
areas, respectively. Correspondingly, the average number of eggs/hen/clutch reported for same areas were
15.7, 13.2 and14.9. Zemene et al. (2012) also reported 14.1 eggs per hen per clutch and 45.7 eggs per
year with average egg weight of 39.6g. Mandla et al. (2006) reported age at first egg of 6.8 and 7.6
months for indigenous chickens, respectively.
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Table 5 .Production performance of indigenous chicken in the study area

Variables N(100) Mean SD
Age at sexual maturity (month) 100 5.46 1.19
Neof eggs in one clutch/ local chicken 96 1421  5.39
Ne of clutches/ chicken /year 95 4.60 1.22
Mean age of local pullet at 1% egg 100 566  2.19
(month)

N=Number of respondents

The average number of eggs incubated per local broody hen was about 13.3 and the average eggs hatched
from incubated eggs was about 11, indicating that about 2.6 eggs were spoiled Table 6. It means that
proportion of hatched eggs of incubated eggs is 82.3. Zemene et al. (2012) reported 12.8 eggs as average
number of eggs incubated per hen with average hatchability of 79.1%. Fisseha et al. (2010) also indicated
that the average hatchability percentage of eggs from local hens to be 82.6%.

Table 6. Hatchability performance of local hen in the study area

Hatchability performance N Minimum Maximum Mean Std. Error
Ne of eggs incubated/broody hens 98 8 25 13.29 .30
Ne of eggs hatched/incubated eggs 98 6 22 10.94 28
Ne of spoiled/incubated eggs 90 0 7 2.62 14

N=Number of respondent

Breed ownership and breeding practice of chicken

About 95% of the respondents owned local breeds. Only about 3% owned both local and exotic ecotypes
and while the rest 2% of the respondents owned exotic breeds. These results confirmed by CSA (2013)
showed that 96.9 %, 0.54 % and 2.56 % of the total poultry were indigenous, hybrid and exotic,
respectively. The mean number of chicken owned by the respondents was about 9.3, of which 8.13
(87.2%) are indigenous chicks.

Table 7. Class of Chicken owned by respondents

Chicken owned N Minimum Maximum Mean SD
Hen 95 1 24 4.00 1.32
Cock 75 1 14 1.89 0.77
Chick 52 1 30 8.13 0.21
Over all chicken 100 1 42 9.32 0.71

N=Number of respondent

It was revealed that majority of the respondents (87%) select their chicken for breeding. However, about
6.2% of the respondents do not select chicken for breeding. Most (66.8%) of the respondents who
exercise selection both for female and male while about 17.7% of them select only female. Farmers use
different production traits and phenotypic characters to select their chicken for breeding purposes. Most
of the respondents (37.4%) use egg production performances as indicator to select females for breeding
while live weight, feather color, comb and wattle shape are some of the traits used to select males. Next to
egg production live weight of the chicken was the most important parameter used for selection (Table 8).
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Table 8. Character for which farmers were selected local chicken, either for market or breeding

Character(s) N(100) Percent (%)
Egg production 37 37.4

Live weight 28 28.3
Feather color 20 20.2
Comb/wattle shape/type 6 6.1

For all characters 7 7.1

Have no information 1 1.0

N=Number of respondent

Feather color had also great importance as far as poultry production is concerned. Majority of the
respondent (59%) prefer red color as 1% choice due to its high market demand and egg productivity and
about 25% white colored as 2™ choice for its high egg productivity. But still there was hesitation by few
of the respondents in accepting chicken with white feather due to the fact that chicken with white feather
can be seen easily by predators from far distance especially by eagles and. About 12% of the respondents
didn’t use coat color of chicken as a criteria of preference (Table 9).

More than 94 % of the respondents had high interest to have exotic chicken breeds. However, the high
purchase price and availability problem of the exotic breed inhibited the farmers from having the breed. A
farmer need to register in the nearby Livestock Development and Health Agency and should wait for
more than six to one year to have two pullets. Disease outbreak and shortage of formulated ration were
also raised as major production constraints of the improved breeds. According to respondents view,
culling of unproductive chicken was very important. About 66% of the respondents culled unproductive
females mainly through selling, while 39.4% of respondents consumed the culled females at home.

Table 9. Color preference of farmers for chicken for breeding

Coat color(s) N(100) Percent (%)
Red 59 59.0

White 25 25.0
Gebsima 2 2.0

Gray 1 1.0

Black 1 1.0

No coat color preference 12 12.0

N=Number of respondents
Chicken Husbandry Practices

Housing

In spite of the fact that village chickens spent more of the daytime in extensive scavenging in and around
the house, housing was among the common flock-management practices. According to the respondents,
about 55% respondents share same room with chicken that are kept on a small bed like materials made
from local materials locally called perch ‘koti’ that is tied and suspended at the corner of the ceiling/roof
20% of the respondents housed their chicken in different quarter in the roof while14% of the respondents
house them separately and about 11% house them in the kitchen. Fisseha et al. (2010) indicated that
77.9% of the respondents keep their chicken at various sheltering places in the main house: including
perches inside the house (45.7%), on the floor covered by bamboo made materials (27.1%), on the ceiling
of the house (3.6%) and under locally constructed sitting place “medab” (1.4%). The report of Zemene et
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al. (2012) showed that about 88.3% of the chicken owners shared their main houses with the chicken and
other farm animals, which makes the bio-security of village poultry production system extremely poor.
The majority of the respondents (91.9 %) reported that during night chicken rests on the material locally
called ‘koti” which was made from local material and put above head at the corner of the ceiling.
According to 76.1% of respondents cleaning of the poultry liters was done while 2.3% of the respondents
do not clean the poultry liters at all.

All family members participate in chicken husbandry and management practices in one way or another.
Though, both the husband and wife have equal right in ownership, decision was mainly made by husband.
But most of the management activities like cleaning (78% by wife and girls), egg management and
feeding are done by wife and children. It was reported that about 47% of chicken are owned by household
head and 20% by children, out of which about 12% them are owned by male children. Poultry house
construction and nests were constructed by husbands (69.4%). Respondents reported that about 91%
poultry slaughtering and treating of sick ones using different local medicinal herbs and taking sick
chicken to veterinary clinics were done by husbands (Figure 1).
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Figure 1.Household division of labor in chicken husbandry practice in the study area

Feed and Feeding Management

About 50% of the respondent revealed that the most dominant chicken’s production system was free
scavenging. Some supplemented their chicken with grains like maize, sorghum, wheat and finger millet
based on the availability of such grains and scarcity of feeds. Bogale (2008) also reported that majority
(88.9%) farmers in the Farta district of Amahara regional state gave supplementary feed to their chicken.
According to reports of Halima et al. (2007) and Zemene et al., (2012), the majority of farmers who
practiced supplementary feeding used maize, barley, wheat, finger millet and house hold waste products
to feed their chickens. According to respondents (79.8%), supplementation was done in the morning.
Major reasons for supplementation were reported to increase egg yield (70.7%), to improve meat yield
(13.1%) to shorten age at marketing or improve growth performance (12.1%) of the chicken and to
improve efficiency of hens’ broodiness (5%) during incubation.

Table 10. Type of feed/food offered as supplement for local chicken

Type of feed/food for supplementation N Percent (%)
Grain (maize, sorghum, wheat and finger millet ) 86 86.9

Food left over (bread, “injera”, “kolo” and others) 12 12.1

All as its availability 2 2.0

Total 100 100.0

N=Number of respondents
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Table 11. Priority of supplementation in chicken

No  Class of chicken Frequency Percent (%)
1 Chicks 41 41.4

2 Layers 38 384

3 Pullet 3 3.0

4 All age equally ( no priority) 17 17.2

Our findings are in agreement with results reported by Fisseha et al. (2010) in that young chicks and
layers are given priority in supplementary feeding. According to respondents, young chickens cannot
scavenge and well fed hens lay more eggs. No special container or feed trough was needed to offer
supplementary feeds to chicken. Whether it is kitchen leftovers or grains, the owners broadcast the feeds
on the ground where they pick it up. The majority of the respondents (92.9%) supplement their chicken
during rainy season (mostly from end of June to September) when feed is scarce. Only about 5.2% of the
respondents indicated that they supplement their chicken during dry season. Fisseha et al. (2010) also
reported that about 84% of the poultry owners in Bure and Fogera areas of north-western Ethiopia
provided supplementary feed to their chicken during rainy/wet season (from July to September) than in
the dry season. This coincides with a season when grains are depleted even for human consumption.

Hatchery and egg storage

The majority of the respondents (68%) practiced selecting of eggs for incubation. The selection criteria
reported were: size of hens, size and shape of eggs. More than 80% of the respondents reported that they
prefer eggs from large hens for incubation while very few farmers (2.5%) did not bother about the size of
hen when selecting eggs for incubation. Based on the respondents view eggs from large sized hens
preferred due to the fact that chickens from large hens grow faster and larger in size as compared to those
chicks from small sizes hens. Large sized eggs and non-deformed eggs were also chosen for incubation.
Most of the eggs used for incubation were home laid eggs (94.9 %). About 3.1% of the respondents
reported that they had used purchased egg for incubation. Techniques used to identify spoiled eggs from
unspoiled eggs reported by respondents were shaking (78.6%), immersing in the water (14.3%) and
candling (using direct sun light). Poultry owners allow their hens to incubate eggs mostly (90%) during
dry season. The major reason is the availability of feed in the dry season compared to the rainy season.
Locally made material called ‘gorbo’ (56%) and clay pots with straw bedding (38.2%) and clay pot
without bedding (5.6%) are some of the most important materials used for broody hens during brooding.
The average number of eggs laid per clutch from local hens is about 16.5 (8-25) in the study areas. This is
comparable with the 16 eggs (8 to 28 eggs) reported by Fisseha et al. (2010) in Bure district of the
Ambhara regional state.

Disease, predation and other health related problems
Diarrhea, sudden death and paralysis were the most economically important problems identified in the

areas followed by Newcastle disease (Table 12).

Table 12. Disease/symptoms identified by respondents

Disease/symptoms identified Frequency Percent (%)
Diarrhea, sudden death, paralysis, 75 75.0
Newcastle disease(Fungile) 23 23.0
External parasites 2 2.0
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In the current study, poultry owners identified only Newcastle disease (Fungile) by local name, but they
indicated others by symptoms. Tadalle (1996) also reported that Newcastle disease is probably, the only
disease which can be identified by farmers in rural areas on the bases of clinical sign. That was probably
why Newcastle disease acquired specific local name such as “Fungile” or “Encurif” in Ethiopia. In the
current study, mortality was highest in lower age groups (chicks up to 2 weeks of age) which were
reported as 41%. Generally, it was observed in the current study that disease prevalence was decreasing
from chicks to adult chicken (Table 13). Most of the respondents (79.6%) keep chickens of different age
groups together. Only about 19.4% of the respondents keep the different age groups separately.

Table 13. Different age groups as affected by different types of diseases

Age group affected Frequency Percent (%)
Up to 2 weeks 41 41.0

2 weeks -1 month 22 22.0

Adult 9 9.0

1 month- 3 month 7 7.0

All age groups 21 21.0

Some of the respondents treated their chicken with different traditional medicine and only few of them
took their chicken to veterinary clinic. Sick animals are left within the flock, except when unable to walk
with them. Owners mix lemon juice in poultry feed (29.3%) and also use juices of different plant leaves
(18.7%). About 52% of the respondents reported that they did not know traditional herbs used to treat
their chickens. Retarded growth, low egg production performance, reduced hatchability, droopiness and
enlargement of hock joint were also some of the problems reported in the current study. About 60% of the
respondents indicated that there were no responsive extension services despite the fact that the
government assigned more than three extension agents in one station.

According to the respondents predators were also important problems for poultry production in the study
areas. Common predators identified by respondents were eagle (47%), wild cat and vulture (10%).
Halima (2007) and Fisseha et al. (2010) also indicated that predators were the major constraints in village
chicken production in north-west Ethiopia.

Socio-economic aspects

The majority of interviewed farmers (78%) rear chicken for income generation. Respondents also
indicated that they produce for home consumption (improve family nutrition) and for ceremonial and
religious purposes. Mammo (2007) indicated that the major purpose of poultry keeping was mainly for
income generation followed by home consumption and religious purposes in Jamma districts of South
Wollo zone, Ethiopia.

In the current study, most of the respondents (59%) give chicken products especially egg for infants
whereas about 24% the respondents reported that they give chicken products for whole family members.
About 7% of the respondents indicated that they give priority to pregnant women, 5% for adults and 4%
of respondents nursing mother (Table 14).
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Table 14. Priority of poultry products in family nutrition

Group of family members Frequency Percent (%)
To infants 59 59.0

To pregnant women 7 7.0

Adults 5 5.0

To lactating mother 4 4.0

To older people 1 1.0

To all group in the family 24 24.0

About 37% of the respondents reported that they do not consume chicken meat and chicken products due
to the fact that they are expensive. This is in agreement with the report of Mammo (2007) for South
Wollo Zone, Ethiopia. Even those owners who have chicken prefer selling than consuming, as they have
given priority to generate cash income.

Market price for poultry was influenced by different attributes in the study areas. Some of the major
attributes were: weight, feather color and comb type. Chicken price was also influenced by season
(Tablel?).

Tablel5. Reasons for the seasonality of chicken and chicken products

Reasons Frequency Percent (%)
Disease 63 63.0
Demand and supply problems 25 25.0
Religious/ceremonial target 6 6.0

Have no information 4 4.0

Market problems 2 2.0

A large number of respondents (63%) reported that chicken price is lower during rainy/wet season due to
diseases such as Newcastle and cossidiosis. About 25% of the respondents attributed price seasonality to
demand and supply of chicken in the market. For instance, during rainy season the supply of chicken is
high while demand is low. In addition to disease problems, chicken are also considered as enemy to
backyard vegetables in rainy season. About 6% of the interviewed farmers reported that both the demand
and supply of chicken and chicken products are high during the cultural and religious festivals such as
Easter (‘Fasika’), the Ethiopian New Year and Christmas (‘Gena’). Fisseha et al. (2010) also indicated
that chicken price was lower during rainy season due to the high risk of diseases and shortage of disposal
cash by farmers.

Conclusions and recommendations

Our results indicated that chicken production is traditional with very weak or no extension services. To
improve the current production and productivity of chicken production in the areas, the following points
need attention:

Strengthening extension services in the area of input provision (feeds, medicines, vaccination) are crucial.
Control of diseases, mainly Newcastle, can be achieved mainly through sanitation practices, vaccination
and prophylactic treatments.

Capacity building of poultry producers in formulating ration from locally available feed materials and
strategic supplementation are needed.

Introduction and demonstration of movable poultry houses are important to protect the attacks from
predators and high productivity. Movable poultry houses can be constructed from locally available
materials with minimum coast.
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Capacity building for farmers and extension agents in record and record keeping can help improving
productivity via selection and mating.

Linking farmers to pullet producers in order that they can communicate and buy pullets by themselves
than looking for extension staff to have pullets
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Abstract

The study was conducted with the objective of evaluating different integrated mechanical and biological
techniques and local grass species for restoring a degraded rangeland in Fantale district. Accordingly
seven treatments; only enclosing (control) (T1), ripping alone (T2), ripping+ sowing (T3), ripping +
sowing + mulching (T4), plowing alone (T5), plowing + sowing (T6) and plowing + sowing +
mulching(T7) were evaluated in Randomized Completed Block Design (RCBD) with three replication.
The highest species abundance was obtained from T4(ripping + seeding + mulching) followed by
T3(ripping + seeding) and T6(plowing + seeding) with abundance value of (369.0, 381.7 and 276.9). The
highest species diversity was obtained from T1 (control) followed by T7 (plowing + sowing + mulching)
and T6 (plowing + seeding). However, most of the species obtained in T1 were not desirable once. The
presence of bare land was not observed in T6 (plowing + sowing) and T7 (plowing + sowing + mulching)
which is reduced due to plowing, sowing and mulching. The importance value (IV) of Chloris gayana
and Cenchrus ciliaries was predominant in T7 (plowing + sowing + mulching) followed by T6(plowing +
sowing).. However the application of T7 (plowing + sowing + mulching) in farmers condition is difficult
in such a way that mulching large area is impossible. Therefore, because of easy application, good species
diversity, abundance and other parameters, T6 (plowing + sowing) was identified as the most important
techniques for restoration of degraded rangelands in the area. In areas where labour and forage seed is
scarce, enclosing degraded land (T1) can be an option for restoration of the rangelands. Hence it is
important to further demonstrate these techniques T6 (plowing +sowing) and T1 (only enclosing) for
restoration of the degraded rangelands of the study area.

Key words: Degraded, range land, rehabilitation, species composition, restoration
Introduction

Rangelands as an ecosystem encompass vegetation, herbivores, predators, invertebrates, and micro-
organism. Rangeland degradation implies a reduction in rank or status which includes a loss of top soil, a
change to a simple flora/fauna compositions or a transition from one organic form to lower organic form,
and continues reduction of productivity/biomass of the ecosystem. Degradation refers to low overall
biodiversity, where restoration will require restoring overall biodiversity. A lower biological diversity is
supposed to occur in a degraded range land (Tasfaye et al/, 2010). As runoff and the concomitant effects
including erosion and nutrient loss from grasslands that are encroached by shrub are higher (Schlesinger
et al, 1990), restoration of grasslands may clearly reduce sediment transport and retain grassland
productivity. Restoration aims not in the establishment of aboveground vegetation but in the return of a
community that is dominated by native species. The difficulty and expense of restoration also depends on
the goals set. It may be easier to achieve successful restoration, when the goal is to restore some degree of
function and/or some of the species than when the goal is to achieve complete restoration of the
ecosystem back to its original state (Schlesinger, ez al., 1990).
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The arid and semi-arid rangelands of Fantale district is purely pastoral but from the reference year
onwards the pastoralists have started producing crops as well. The pastorals employs a communal
resource system for livestock production. Livestock production is the main economic activity followed by
crop production. Drought, feed, disecase and localized conflict are the major constraints of the
community. Some traditional grazing enclosures are emerged in recent decades. These enclosures are
relatively new trends that allude to a new dimension in the dynamics of community based resource
management. However, the rangelands are almost degrading and its productivity is diminishing. Hence,
the rehabilitating the degraded land is very crucial to improve the feed resource availability from the
rangelands. So the main intention of the study was to evaluate the effect of integrated mechanical and
biological techniques for restoring degraded rangeland of the study area.

Material and Methods

Description of study area

The study was conducted at Fantale district, East Shoa, Oromia. Fantale was sparsely populated lowland
pastoral livelihood zone. The total land area of Fantale district is 1,169.85 km® (CSA, 2000). The rainfall
is highly irregular with a mean annual rainfall of 550.9 mm. The mean minimum and maximum
temperatures are 17.4°C and 32.7°C, respectively. The topography is predominantly plains. Bush and
shrubs are the main vegetation used for livestock feed.

Procedures of the experiments

Degraded site used for the evaluation of different rehabilitation techniques was selected and fenced to
avoid livestock trampling and disturbances. Soil sample was collected from the experimental site of
20cm’ area by dividing each into three layer (0-3cm, 3-6¢cm and 6-9cm) depth. The collected soil labeled
and settled in the lattice house at ATARC for evaluation of the availability of natural pastures seed in
each layer. The germination test of seeds collected from soil samples also done.

The actual trial was established at the commencement of the rain. The experimental treatments consisted
of the application of two local grass species (Chloris gayana and Cenchrus ciliaris) and mechanical
techniques (plowing and ripping with and without mulching). The experiment has seven treatment (T1
=Control (only enclosing), T2 = Ripping, T3 = Ripping + Sowing, T4 = Ripping + Sowing + Mulching,
T5 = Plowing, T6 = Plowing + Sowing and T7 = Plowing + Sowing + Mulching) with three replication
arranged in RCBD. The plot size of 9mx9m was used for the trial. The optimum seeding rate (10kg/ha)
was applied for the both species. Ripping is slight plowing of the land with simple materials. The mulch
treatment consisted of clipped grass material found locally in the area but without the seeds of the grass
material. The grass mulch were applied with enough cover of the soil surface in the sown approximately
lem thick . The importance of mulch is increasing survival rate, better growth and establishment of the
seedling resulting from modification of the surface soil microenvironments, such as moisture content and
soil temperature.

Species composition
Species composition of the treatments was identified using quadrants of (50*50) cm® five times per plot
including the control.

Statistical Analysis

Diversity (H’), Evenness (E), and Similarity coefficient (Sc) of the species for all treatment in the
collected quadrants were determined following Shannon-Wiener (1949) diversity indices procedures.
Shannon Diversity Index (H”) was computed as:

'=.33_ pilnpi

Where: H* = Shannon’s diversity index
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pi = the proportion of individuals of the i species
S = total number of species in the quadrate

The evenness was computed from the Shannon index as:

J=H'= Y ,pilnpi
H' max Ins
Where: J = Species evenness
s = the number of species
Pi = the proportion of individuals of the i" species
In = log base 10

Similarity coefficient (Sc) was determined by the Czekanowski (1913) coefficient. The coefficient has a
value from 0 (0%) to 1 (100%), where 1 reveals complete similarity and 0 complete dissimilarity.

Sc=2Y", min (xi, yi)

Yimgxi+ Xt yi

Where: Xi and Yi = the abundance of species
m = number of species

Abundance of each treatment was determined as of Maclntosh (1967a) diversity index (U).

Where: U = Maclntosh diversity index
S = the number of species
n = number of the individuals or abundance of the i" species in the quadrant

The relative density (RD) and relative frequency (CRF) were computed by:

RD% = Absolute density for a given species x 100%
Total absolute density for all species

RF% = Absolute frequency value for a species X 100%
Total absolute frequency for all species

Importance value (IV) of each species all treatments was computed following Shabbir and Bajwa (2006).
IV is equal to the sum of the relative density (RD) and relative frequency (RF) of species in the stand.

IV=RD% + RF%

Data on soil seed bank were analyzed by descriptive statics.
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Result and Discussion

Soil seed bank evaluation

The result of soil seed bank evaluation indicated that there were seeds to be restored in degraded
rangeland at 3-6cm and 6-9cm depth of soil profile (fig-1). However, only Trajus berteronianus and
Crysopogon plumuloses grasses were germinated. This suggest the requirement of restoration of degraded
grazing lands using different rehabilitation techniques.

Number Vegetation Restored = Number
Vegetation
3 Restored
2
1
0-3cm 3-6cm 6-9cm

Fig:1- Soil seed bank availability in different soil profile

Species composition

A total of 17 species were restored out of which grasses and herbs/legumes comprises 83.35 and 17.65%
of the total species recorded from the experiment respectively (Table 2). Analysis of the relative density
shows that Tragus berteronianus which is already present in the soil seed bank showed relatively high
density than the rest species in all the treatments. Among the treatments Tragus berteronianus was found
the highest in T3 (ripping + seeding) followed by T4 (ripping + seed + mulching) and T2 (ripping) in that
order. However relative density was the least in T7 (ripping + seeding + mulching) in which plowing
diminishes the Tragus berteronianus growth. The performance of Chloris gayana and Cenchrus ciliaries
is high in the T7(ripping + seeding + mulching) followed by T4(ripping + seed + mulching) which all
plowing, sowing and mulching plays great role for their growth. Chloris gayana has more density than
Cenchrus ciliaries. Hetropogon contortus and Cynadon dactylon was the more dense in T1(control) and
T7(ripping + seeding + mulching) respectively, this may be due to the favorable environment created
during the experiment (Tablel).

The result of relative frequency shows that bare land is the highest percentage (42.2) for T1(control)
followed by T2 (ripping) (34.4%) and T5(plowing) (25%). However, the frequency decreases and even
becomes zero by the combination of plowing, sowing and mulching. Tragus berteronianus is almost has
the highest frequency than the rest species in all the treatments and among the treatments it is the highest
in T4(ripping + seed + mulching) followed by T2(ripping) and T3(ripping + seeding) in that order.
However it is lower in T5(plowing) followed by T1(control). This shows that the amount of Tragus
berteronianus which is already present the soil profile are initiated by ripping and mulching but plowing
reduce it. This may be due to the disturbance of the soil profile due to plowing. The performance of
Chloris gayana and Cenchrus ciliaries seems the highest (25%) in T4(ripping + seed + mulching) But the
result is due to the low frequency of the other species and the presence of mulching which facilitated
growth. However, the real increment of Chloris gayana and Cenchrus ciliaries is due to plowing, sowing
and mulching which is manifested in treatments T7(ripping + seeding + mulching), T6(plowing + sowing)
and T5 with values of 19.5%, 18.4 and 12.5%, respectively. Plowing also facilitates the existing soil seed
bank that may be deep to the soil. Crysopogon plumulosis, less desirable species, which is already present
in the soil seed bank has relatively higher frequency in T2 (ripping) followed by plowing (Table 2).
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Table 1. Relative density, life form, desirability and other parameters of the species composition as influenced by the treatments

No Species composition Parameters and Treatments
Life Desirabili Decrease Increaser Invader
Relative Density (RD%) form ty r
T1 T2 T3 T4 T5 T6 T7
Grasses
1 Tragus berteronianus 50.6 82.9 80.2 857 714 7156 263 |A LD *
2 Cynodon dactylon 2.8 0.0 5.2 1.4 0.0 133 436 |P HD *
3 Chloris gayana 0.6 0.5 05 84 36 47 211 |P HD *
4 Cenchruis ciliaris 8.0 1.0 0.5 0.7 2.4 1.9 3.0 p HD *
5 Cyperus rotondas 2.8 0.0 00 00 00 00 0.8 P LD *
6 Eragrostis tenuifolia 0.0 1.4 0.0 23 4.8 0.8 2.3 p D *
7 Eleusine multiflorum 2.3 1.0 05 02 00 00 00 P D *
8 Crysopogon plumulosus 0.6 7.1 1.2 0.0 3.6 0.8 0.0 p LD *
9 Cenchrus cetigrus 1.1 0.5 0.2 0.0 0.0 0.0 0.0 p D *
10 Hetrapogon contortus 14.2 0.0 0.9 0.0 0.0 0.6 0.0 P D *
L1 Sporobolus pyramidalis 0.0 0.0 0.2 0.0 0.0 0.0 0.0 P LD *
12 Aristida somalensis 0.6 0.0 0.0 0.0 0.0 0.0 0.0 P UuD * *
13 Bracharia mutica 2.8 0.0 0.0 0.0 0.0 0.0 0.0 P LD *
Herbs/legumes

14 Crotalaria incana 2.3 0.5 0.2 0.2 24 03 0.8 P HD *
15 Herbacious 0.6 0.0 0.0 0.2 1.2 03 1.5 P LD *
16 Tribulis cistoides 0.0 0.0 0.0 0.0 0.0 0.0 0.8 A LD *
17 Sedge 0.0 0.0 0.0 0.0 00 1.7 0.0 P LD *
18 Bare 108 52 14 07 48 00 00 B

* = yes; A= Annual; B = Bare land; D=desirable; HD=highly desirable; LD=Less desirable; Pe= Perennial and UD=undesirable

43 I ————————————m——



Livestock Research Proceeding

Table 2. Relative frequency of species composition as influenced by treatments

No | Species Composition Relative Frequency (RF%)

T1 T2 T3 T4 T5 T6 T7

Grasses
1 Tragus berteronianus 20.0 344 314 32.1 18.8 36.8  26.8
2 Cynodon dactylon 2.2 0.0 14.3 10.7 0.0 132 244
3 Chloris gayana 2.2 3.1 2.9 25.0 12.5 184 195
4 Cenchruis ciliaris 6.7 3.1 5.7 7.1 6.3 7.9 9.8
5 Cyperus rotondas 2.2 0.0 0.0 0.0 0.0 0.0 2.4
6 Eragrostis tenuifolia 0.0 3.1 0.0 3.6 12.5 53 7.3
7 Eleusine multiflorum 2.2 6.3 5.7 3.6 0.0 0.0 0.0
8 Crysopogon plumulosus 2.2 9.4 8.6 0.0 12.5 5.3 0.0
9 Cenchrus cetigrus 2.2 3.1 2.9 0.0 0.0 0.0 0.0
10 Hetrapogon contortus 4.4 0.0 2.9 0.0 0.0 53 0.0
11 Sporobolus pyramidalis 0.0 0.0 2.9 0.0 0.0 0.0 0.0
12 Aristida somalensis 2.2 0.0 0.0 0.0 0.0 0.0 0.0
13 Bracharia mutica 4.4 0.0 0.0 0.0 0.0 0.0 0.0
Herbs/legumes

14 Crotalaria incana 44 3.1 2.9 3.6 6.3 2.6 2.4
15 | Herbacious 2.2 0.0 0.0 3.6 6.3 2.6 4.9
16 Tribulis cistoides 0.0 0.0 2.9 0.0 0.0 0.0 2.4
17 Sedge 0.0 0.0 0.0 0.0 0.0 2.6 0.0
18 Bare 422 34.4 17.1 10.7 25.0 0.0 0.0

Tragus berteronianus takes the highest importance value (IV) in all the treatments in which the highest
value goes to T3(ripping + sowing) followed by T4(ripping + sowing + mulching), T2(ripping),
T6(plowing + sowing), T5(plowing) and TI(control) in that order. The presence of bare land was
important in T1(control), T2(ripping), TS(sowing), T3(ripping + sowing) and T4(ripping + sowing +
mulching) respectively but not in T6 and T7 which is reduced due to plowing, sowing and mulching.
Chloris gayana, Cenchrus ciliaries, Cynodon dactylon, Crysopogon plumuloses and Hetrapogon
contortus are some of the important species which are restored and grouped from desirable (D) to highly
desirable (HD). However, Crotalaria incana which is less desirable (LD) and Eragrostis tenuifolia which
are less desirable and invader was also restored highly by T5(sowing). The IV of Chloris gayana and
Cenchrus ciliaries was predominant in T7(plowing + sowing + mulching), T6(plowing + sowing),
T5(plowing) and T4(ripping + sowing + mulching) which can be increased due to plowing sowing and
probably mulching. The IV of Cynodon dactaylon was the highest in T7(plowing + sowing + mulching)
and T6(plowing + sowing) .



Livestock Research Proceeding

Table 3. Importance value of species composition as influenced by the treatments

No. Species Composition Treatment and parameters

IV (Importance Value)

T1 T2 T3 T4 T5 T6 T7

Grasses
1 Tragus berteronianus 70.6  117.2 120.7 117.9 96.1 112.4 53.2
2 Cynodon dactylon 5.1 0.0 19.4 12.1 0.0 26.5 68.0
3 Chloris gayana 2.8 3.6 33 334 16.1 23.1 40.6
4 Cenchruis ciliaris 146 4.1 6.2 7.8 8.6 9.8 12.8
5 Cyperus rotondas 51 00 0.0 0.0 0.0 0.0 3.2
6 Eragrostis tenuifolia 44 46 0.0 5.9 17.3 6.1 9.6
7 Eleusine multiflorum 45 72 6.2 3.8 0.0 0.0 0.0
8 Crysopogon plumuloses 2.8 16.5 9.7 0.0 16.1 6.1 0.0
9 Cenchrus cetigrus 34 3.6 3.1 0.0 0.0 0.0 0.0
10 Hetrapogon contortus 18.6 0.0 3.8 0.0 0.0 5.8 0.0
1 Sporobolus pyramidalis 0.0 0.0 3.1 0.0 0.0 0.0 0.0
12 Aristida somalensis 2.8 0.0 0.0 0.0 0.0 0.0 0.0
13 Bracharia mutica 28 0.0 0.0 0.0 0.0 0.0 0.0
Herbs/legumes

14 Crotalaria incana 67 3.6 3.1 3.8 8.6 2.9 32
IS Herbacious 28 00 0.0 3.8 7.4 2.9 6.4
16 Tribulis cistoides 00 0.0 2.9 0.0 0.0 0.0 3.2
17 Sedge 0.0 0.0 0.0 0.0 0.0 43 0.0
18 Bare 53.0  39.6 18.5 114 298 0.0 0.0

The Shannon index diversity indicates that there is high species diversity in the T1(control) (1.530605)
followed by T7(plowing + sowing + mulching) (1.405598) and T6(plowing + sowing) (0.910798). In line
with the diversity index, the species evenness (J) was found to be higher for T1(control) and T7(plowing
+ sowing + mulching). Similarity coefficient value showed that there is high similarity coefficient
between T1(control) and T5(plowing) followed by T7(plowing + sowing + mulching) and T2(ripping).
From the comparison of species abundance made among the treatments, T4(ripping + sowing + mulching)
(369.0) were more abundant followed by T3(ripping + sowing) (381.7) and T6 (plowing + sowing) (276.9
) when compared to the other treatments. The value showed that the T1(control) and T7(plowing +
sowing + mulching) are lesser in abundance value than the other treatments even though more diverse in
species composition (Table 4).
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Table 4. Abundance, diversity, evenness and similarity of the species composition as influenced by
the treatments

Treatments Parameters

Abundance (U) Species Species Evenness Similarity
Diversity (H') () Coefficient (Sc)
T1 94.1 1.530605 1 -
T2 174.7 0.547753 0.357867 0.002689
T3 381.7 0.460778 0.301043 0.007988
T4 369.0 0.561862 0.367085 0.008033
T5 65.3 0.803969 0.525262 (-0.01226)
T6 276.9 0.910798 0.595057 0.007183
T7 73.5 1.405598 0.918328 (-0.0023)

Conclusion and Recommendations

Among the tested treatments of integrated mechanical and biological techniques for restoring degraded
rangelands, T6 (plowing + sowing), T7(plowing + sowing + mulching) and T1(only enclosing) were
performed best having more species diversity than other treatments even though most of the species
obtained were undesirable once. The relative density, relative frequency and importance value of Chloris
gayana, Cenchrus ciliaries and Cynodon dactaylon (highly desirable) species were also predominant in
T7(plowing + sowing + mulching) and T6(plowing + sowing) than in the other treatments. However the
application of T7(plowing + sowing + mulching) in farmers condition is difficult in such a way that
mulching large area is impossible. Therefore, because of easy application, good species diversity,
abundance and other parameters, T6(plowing + sowing) was identified as the most important techniques
for restoration of degraded rangelands in the area. In areas where labour and forage seed is scarce,
enclosing degraded land (T1) can be an option for restoration of the rangelands. Hence it is important to
further demonstrate these techniques T6(plowing +sowing) and T1 (only enclosing) for restoration of the
degraded rangelands of the study area.
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Abstract

The experiment was conducted at high lands of Bale for three years (2011-2013) at three locations;
Sinana on station, Selka on farm and Agarfa sub-site using recently released Vecia sativa 'Gebisa' variety.
The main objective was to determine optimum seed and fertilizer rate for dry matter and seed yield of
vetch under conditions of Bale high lands. The treatments were four levels of seed rate (20 Kg/ha, 25
Kg/ha, 30Kg/ha and 35 Kg/ha) and four levels of DAP fertilizer (0Kg/ha, 50Kg/ha, 100 Kg/ha and 150
Kg/ha) arranged in factorial combination of Randomized Complete Block Design (RCBD) with three
replications. The pooled statistical analysis of three years result showed that seed rate had a significant
effect on dry matter and seed yield. However, the effect was non-significant on the other considered
parameters. The highest dry matter (5.83 t/ha) and seed yield (23.5 Q/ha) was obtained from 35kg/ha and
30 kg/ha seed rate, respectively. While the lowest dry matter (3.85 t/ha) and SY (15.5 Q/ha) were
obtained from 20 kg/ha. However fertilizer rate (DAP) had no significant effect on all considered
parameters. This doesn't mean to generalized that DAP fertilizer application is not required for vetch
production. The insignificant response of fertilizer was probably because of better fertility status of the
soil where the trial was conducted. Therefore, Vecia sativa 'Gebisa' variety can be sown without fertilizer
at a seed rate of 35 kg/ha and 30 kg/ha for optimum dry matter and seed yield respectively at the study
areas of Bale high lands.

Key words: Bale highlands, dry matter, fertilizer rate, seed rate, seed yield, Gebisa.

Introduction

Most of the areas in highlands of Ethiopia are nowadays put under cultivation of cash and food crops.
This resulted in keeping large number of livestock on limited grazing area leading to overgrazing and
poor productivity of livestock. In highlands of Bale the expansion in the cultivation of cereal crops
increased the uses of crop residues for animal feeding. However, crop residues have low nutritive value
and could not support reasonable animal productivity. Hence, the problem of balanced diet for livestock is
becoming a serious.

One of the alternatives to improve livestock feeding quantity and quality is through producing forage
legumes. Forage legumes enhance soil fertility, improve yield and nutritive value of crop residues, sustain
feed production during the dry season, suppress weed and combat erosion (Humphrey, 1994). Vetch is
one of the most important annual forage legumes to because of their; nitrogen fixation, good nutritive
value (crude protein, more than 20 %), drought tolerance and high biomass yield. The productivity of a
given crop is affected by plant species and cultivars, agronomical techniques, soil type, fertilization and
other external factors. Seeding rates is important agronomical technique affecting the yield of any crops.
Different relative values between hay and seed yield with seed density were indicated by Tawaha and
Turk (2001). Studies with several vetch species indicated that the density influenced growth habit,
morphological characters and yield (Aydogdu and Acikgoz, 1995 and Seymour ef al., 2002). Fertilizer is
also another most important factor which contributes to increase the yield of any crops when used at the
optimum level. Turk and Tawaha (2001) concluded that phosphorus application significantly affect the
seed yield, number of pods per plant, number of seeds per pod, number of primary branches per plant, 100
seed weight, pod length and seed weight per plant of vetch. Using higher or lower seed and fertilizer rate
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could have a negative impact on dry matter and seed yield of forage crops. However; optimum level of
seed and fertilizer rate for Vecia sativa variety named 'Gebisa' was not determined yet for Bale highlands.
Hence; this experiment was initiated with the objective to determine the optimum seed and fertilizer rate
for forage biomass and seed yield of Vecia sativa 'Gebisa' under conditions of Bale high lands.

Materials and Methods

The trial was conducted at high lands of Bale for three years (2011-2013) at three locations; Sinana on
station, Selka on farm and Agarfa sub-site. Vecia sativa 'Gebisa' variety was used for the trial. The
treatments were four levels of seed rate (20 Kg/ha, 25 Kg/ha, 30Kg/ha and 35 Kg/ha) with four levels of
DAP fertilizer (0 Kg/ha, 50Kg/ha, 100 Kg/ha and 150 Kg/ha). The treatments were arranged in factorial
combination of RCBD with three replications. The plots size were 2m*2.1m with six rows and the
distance between each row, plot and replication was 35 cm, 100 cm and 150 cm respectively. Among six
rows two rows were harvested at 50% flowering stage to determine dry matter yield by taking a sample of
500gm of fresh forage and drying in oven. Data of leaf to stem ratio was obtained from a total sample of
200gm separated to leaf and stem; oven dried and weighed. Seed yield was also obtained from two rows
of each plot. The rest two rows were used to decrease border effect at each side of the plot. Data on plant
height was taken by measuring three plants randomly from each plot and finding their mean while
standing percentage was given a value on visual basis. The data obtained accordingly was analyzed using
statistical analysis system (SAS) soft ware and means were separated using LSD test.

Result and Discussions

The pooled statistical analysis of three years result of six season showed that seed rate had a significant
(P<0.01) effect on dry matter and seed yield of vetch, while it had no significant effect on other
considered agronomic parameters. The highest dry matter (5.83 t/ha) and seed yield (23.5 Q/ha) was
obtained from 35kg/ha and 30 kg/ha seed rate, respectively. Whereas, the lowest dry matter (3.85 t/ha)
and seed yield (15.5 Q/ha) were obtained from 20 kg/ha. Increase in dry matter yield is associated to
higher plant density, higher plant height, more leaf length, more tillers and leaves per tiller this agrees
with finding of (Muhammad ef al., 1988; Zahid and Bhatti 1994). As stated above in this experiment the
dry matter yield showed clearly a significant increasing pattern with increasing seed rates. Seed yield
showed an increasing pattern with increasing seed rates up to the third seed rate level (30 kg/ha) and then
decreased with a seed rate of 35kg/ha. There was no seed yield difference among the second seed rate
treatment (25kg/ha) and the fourth seed rate treatment (35kg/ha). These results also confirmed the
findings of Zulfiqar ef al., (2006) who found that up to a certain level, increase in seed rate increased seed
yield, where as the higher seed rate depressed seed yield. The decrease in seed yield after third seed rate is
due to high plant density. However fertilizer rate (DAP) had no significant (p>0.05) effect on all
considered parameters. However, this doesn't mean to generalized that DAP fertilizer application is not
required for vetch production. The insignificant response of fertilizer was probably because of better
fertility status of the soil where the trial was conducted.
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Table: Mean agronomic and yield performance of Vecia sativa 'Gebisa' with different seed and
fertilizer rate (2011-2013)

SpP PH(cm) DM(t/ha) LSR SY(kg/ha) TKW(gm)
Seed rates(Kg/ha)
20 88 97.58 3.85 0.62 15.5 66.17
25 86 94.17 4.34 0.78 19.5 66.5
30 86 95.83 493 0.68 23.5 64.83
35 89.17 100 5.83 0.7 19.5 63.33
Fertilizer rates(kg/ha)
0 87.92 97.08 4.83 0.68 19.08 66.5
50 89.33 97.00 4.65 0.70 19.67 63.67
100 86.5 96.92 4.73 0.71 20.17 65.83
150 85.42 96.58 4.74 0.69 19.08 64.83
Significance, Mean, CV% and LSD
Seed Ns Ns wk Ns ok Ns
Fert Ns Ns Ns Ns Ns Ns
Seed*Fert Ns Ns Ns Ns Ns Ns
Mean 87.29 96.89 4.74 0.69 19.5 65.2
CV% 5.07 5.94 4.4 24.54 5.97 5.33
LSD (5%) - - 0.17 - 0.97 -

PH=plant height, SP=stand percentage, DM=dry matter, SY=seed yield, LSR=leaf to stem ratio, TKW=
Thousand Kernel Weight, LSD= least significant difference.CV=Coefficient of variation, ns=Not
significant, **=highly significant (p<0.01)

Conclusions and Recommendations

The study concluded that seed rate had a significant effect on dry matter and seed yield of vetch. The
highest dry matter (5.83 t/ha) and seed yield (23.5 g/ha) was obtained from 35kg/ha and 30 kg/ha seed
rates respectively. However, DAP fertilizer rate didn't showed significant effect on agronomic and yield
parameters of Vecia sativa 'Gebisa' variety. This doesn't mean to generalized that DAP fertilizer
application is not required for vetch production. The insignificant response of fertilizer was probably
because of better fertility status of the soil where the trial was conducted. On the other hands, Therefore,
Vecia sativa 'Gebisa' variety can be sown without fertilizer at a seed rate of 35 kg/ha and 30 kg/ha for
optimum dry matter and seed yield respectively at the study areas of Bale high lands.
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Abstract

The study was conducted with the objectives to get conclusive information on feed resources inventory,
characterizes their nutritional compositions and to identify the major constraints to implement appropriate
feed resource development strategies for pastoralists and agro-pastoralist in semi-arid areas of Borana
rangeland. The feed resources available in Borana rangelands include grazing land, hay, crop residues,
pods and leaves. Among the feed resources, grazing land is the major one. The conservation methods of
these feed resources are mostly in the form of standing hay (enclosure) that communally used. The major
constraints to the feed resources are bush encroachment, degradation of rangeland, heavy grazing,
moisture deficit and expansion of crop cultivation. Mobility and proper management of rangeland
resources such as enclosure, bush control, settlement arrangement, proper grazing systems and restoration
of degraded rangelands are the main coping mechanisms suggested by the respondents. The chemical
composition of grasses, particularly crude protein (CP) percentage is lower during dry season than wet
season. The browse trees have similar chemical composition during both dry and wet seasons. However,
the availability of these browse trees in required amount in both seasons is questioned. In line to this,
there were no improved forages production practices in the area. Hence, it is important to increase
available feed resources in terms of nutritional value either by integrating with improved forages or
supplementing with locally available concentrated feed resources.

Key words: Feed resources, rangeland, nutritive value, Borana, enclosure

Introduction

The Ethiopian lowlands, which cover about 60% of the national land area support a great diversity of
livestock production system. Coppock (1994) stated that Borana breed cattle is known for their high
degree of heat tolerance, resistance to specific disease, feeds and water shortage, and high milk and meat
production potential. However, due to different constraints they show correspondingly low performance
level demonstrated by juvenile growth rate, low milk yield and long age at first calving and long calving
interval. Their low productivity could attribute to absence of appropriate technology to improve
inadequate of feed supplies, poor nutrition and management (Mekonnen, 1994). Further, Alemayehu
(1998) stated that a major constraint to production systems is the availability of feed resources. Besides
this, the Borana rangelands is relegated to marginal land, characterized by climatic variation especially
prolonged dry period, and these stated as main problem for feed shortage (Coppock, 1994). Moreover,
there is little or no conclusive information on feed resources characterization, nutritional aspect and
constraints to implement appropriate development strategies for pastoralists and agro-pastoralist in semi-
arid areas of Borana rangeland. Similarly, there is no organized information about the utilization pattern
of feed sources that may be helpful as a base line for the future research activity and any other
development work.
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Materials and Method

Study area

The Borana rangeland is found at the south part of the Ethiopian low lands occupying a total land area of
about 95,000km’. Grazing is predominantly communal with emerging privatization of crop and Kallo
lands (standing hay). Rainfall delivery is bimodal; with the long rains accounting for 60% of the total
rainfall falling between March and May and the short rains comprising of 27% of the total rainfall falling
between September and November. Spatial and temporal variability in both the quantity and distribution
of rainfall renders the area of Semi-arid, with an average annual rainfall varying from 353 to about
900mm per annum (Kamara and Kirk, 2002). A cool dry season occurs from June to August, while a
warm dry season occurs from December to February. The average temperatures vary from an annual
minimum of 13.1% to maximum of 25.2°%.

Site selection and method of data collection

A total of 4 districts namely Teltele, Yabello, Arero and Dire were selected based on the secondary data
that had been gathered from zonal development offices. Two kebeles were selected from each respective
selected district. Fifteen household heads were selected from each kebeles. The structured and pre-
structured questionnaire were prepared and pre-tested on some households from the respective study area
before the commencement of the actual survey. Then after, appropriate modification and correction was
made to facilitate effective convey of the needed information. All necessary data including type of feed
available, feeding system, condition of the feed, season of feed availability, major constraints of feed
production and mitigation to feed shortages were collected using structural and semi-structural
questionnaires.

Inventory and sampling of feed resources

In each study sites, all the major feed resources were recorded with inclusion of their usages for
respective livestock species. Then the feed types that are similar in usage and character from all sites were
merged together. The most prioritized feed samples from grasses and leaves of browse trees were
collected during wet (April) and dry seasons (January) from Arero, Dire, and Yabelo districts. The feed
samples were evaluated for chemical composition using Near Infera Red System (NIRS) at nutritional
laboratory of International Livestock Research Institute (ILRI).

Data analysis
Data on feed resources by types and biomass was subjected to descriptive statistics of SPSS version 17.1
(2003) and general linear procedure of SAS (2000) for chemical composition data.

Result and Discussions

Available feed resources in pastoral area

The major feed sources available in the study area includes natural pasture, standing hay, crop residues,
pods, green fodder (browses) and purchased feed. The ownership/utilization for each feed sources varies
among the respondents. Natural pasture, pods and green fodder (browses) are mostly communally
utilized, whereas crop residues, purchased feeds (mostly concentrates) and minerals (salts) are used
privately. Utilization of standing hay is both in communal and private. The study of Sandford (2006)
indicated that unless the pastoralists are wisely utilizing the locally available feed resources (natural
grazing land), purchasing supplementary feed is not economically feasible except as short term measure
to survive their herd during drought problem. Concentrated feed mostly utilized by privately and the
resource is also provided for the pastoralists by NGOs and GO.
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Table 1 Responses of respondent (%) on ownership/utilization system of sources of feed for
livestock in semi-arid of Borana

Ownership/utilization | Types of Feed
Natural | Hay/standing | Crop Supplement | Pods | Green | Concentrate
pasture | hay (%) residues | of minerals | (%) | fodder | feed (%)
(%) (%0) (%) (%)
Privately owned 4.2 57.5 95.0 7.5 4.2 5.8 0
Communally owned 95.8 42.5 1.7 4.2 92.5 | 94.2 14.2
Privately purchased 0 0 33 88.3 33 0 85.8

Season of feeding different feed sources

The feed resources obtained from natural pasture/grazing lands are utilized mainly during wet seasons due
to the poor grazing lands productivity as the result of degradation and bush encroachment. Hay/standing
hay, crop residues, pods, green fodder (browse) and purchased feed are utilized during dry seasons. This
indicates that pastoralists used feed sources by balancing between seasons to overcome the feed shortages
prevailing in the area. Minerals usually used both during wet and dry season.

Table 2. Responses of respondents (%) on seasons of feeding different feed sources in semi-arid of

Borana
Feed sources
Seasons of | Natural Hay/standin | Crop Supplement of | Pods | Green Purchas
utilization | pasture/com | g hay (%) residues (%) | minerals (%) (%) fodder ed feed
munal (%) (%) (%)
Wet 26.9 53 1.2 14.8 1.5 1.9 2.2
Dry 0.9 92.1 98.8 3.7 98.5 98.1 97.8
Both 72.2 2.6 0 81.5 0 0 0

Associated problems related to available feed resources

One of the major livestock challenge in rangelands of Borana is inadequacy of feed sources throughout
the year. The majorities of the respondents (84%) indicated that livestock feed inadequacy become the
apparent problem. According to their response the major feed inadequacy problem is due to bush
encroachment, degradation (loss of vegetation and top soil), moisture deficit, heavy grazing and shrinking
of grazing land (Table 3). The coping strategies for feed shortage are bush thinning, mobility and
enclosure forming. Prescribed fire application and resettlement around road side also some mechanisms
that pastoralist’s perceived for coping livestock feed inadequacy. However, prescribed fire application on
current rangeland become difficult because of lack of enough fuel loads. Of the coping mechanisms of
livestock feed shortages, mobility (21.67%) is the dominant for the respondents. This is because of the
ever increasing of uneven rainfall distribution in the area. Hence proper management of bush
encroachment and rehabilitation of degraded rangeland with appropriate techniques is required depending
on the rangeland conditions of the area.

[
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Table 3. Response of respondents on causes of livestock feed shortages in rangelands of Borana

Causes of feed inadequacy N %
Heavy grazing 14 11.67
Moisture deficit 35 29.17
Shrinking of grazing land 14 11.67
Farming 10 8.33
Bush encroachment and degradation | 37 30.87
Tick problems 5 4.17
Termites 5 4.17
Mobility 26 21.67

Major feed sources for livestock species across seasons

The major livestock species found in rangeland of Borana are cattle, sheep, goat, camel and donkey.
According to respondents, in all seasons, grasses are the major feed sources for cattle and sheep, whereas
browse is the main feed for goat and camel in all seasons. Straw, stubble grazing and forbs are also used
for cattle and sheep. Pods and forbs are also sources of feed for camel and goat. The herbaceous
vegetation decreased from time to time due to heavy grazing and bush encroachments. During critical
feed shortage camels survive by browsing leaves from most of the encroached bush. The type of
vegetation used for each livestock as feed sources across each season includes grasses, shrubs/tree, and
forbs. There were no herbaceous legumes in the inventoried vegetation as livestock feed. This indicates
that the available feed sources are poor in nutritional requirements. Moreover, almost all respondents have
not practiced improved adaptive forage production in the area. This indicated as more work to introduce
the adaptive fodder to the area. According to respondents, currently many drought resistant grass and
forbs are deteriorating from rangeland. This probably indicates that the rangeland becoming in poor
condition. Hence, this requires more effort in improving not only the quantity of feed but also on nutrition
content of feed sources that satisfy the animal requirements.

Table 4.Grass, forbs and herbs used as livestock feed but highly deteriorating from time to time in
the semi-arid of Borana

Grass species N % Forb and herb species N %

Cenchrus ciliaris 19 15.8 Commelina afiicana L. 6 5

Themeda triandra 20 16.7 Plectranthuscaninus Roth. 6 5

Cymbopogon commutatus 6 5 Cyphostemma adenanthum | 17 14.2
(Fresen.) Descoings

Cenchrus ciliaris, Themeda | 44 36.7 Commelina africana L.and | 11 9.2

triandra, Chrysopogon Plectranthus caninus Roth.

aucheri  and Cymbopogon

commutatus

Heteropogon Contortus 7 5.8 Chlorophytum gallabatense | 6 5
Schweinf. ex Baker and Commelina
africana L.

Sorghum sp. 5 4.2 Lippia carviodora Meikle 6 5

All grasses 19 15.8 “Barbeessaa” 4 33
No herb extinct 52 433
All 12 10
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Feed resources conservation practices

About 54% of the respondents only conserve feed for the dry seasons in the form of enclosure (Kallo).
Hay making practiced for cattle especially calf, weak animal and lactating cow to supplement during the
dry season. According to respondents, most of hay making practices done when grasses were fully
matured. Some of respondents did not consider growth stage of grasses for harvesting to make hay. This
indicates that the quality of hay become poor, because quality associated with growth stage of grass to be
considered for hay making. In other aspect, most of respondents have not made choice of grass species for
hay making. This also reduces the quality of hay if the appropriate grasses are not considered. According
to some respondents, Chrysopogon aucheri, Digitaria milanjiana and Aristida Kenyensis are the grasses
used for hay making.

Table 5. Species of grasses and time of hay making

For which | N % Age of cutting | N % Common grasses for | N %
livestock  species grasses for hay hay making
hay made?
Cattle 23 19.2 | No growth stage | 35 | 29.2 | All grasses/ No choice | 60 | 50
of consideration
Oxen 4 18.5 | Before 40 | 33.3 | Chrysopogon aucheri | 37 | 30.8
flowering and Digitaria
milanjiana
Calf, weak animal | 6 27.7 | When it fully Aristida Kenyensis | 23 | 19.2
and lactating matured enough | 45 | 375 | &“Sokoru”
animal

Characteristics of enclosure (kallo) in semi-arid of Borana

According to the respondents, enclosure making have been started because of increased feed shortages,
heavy grazing and rainfall deficit. The respondents indicated enclosure making have started in the area
before 10 to 55 years ago. This may indicate that the starting period of enclosure making in semi-arid
Borana varies in different districts. The difference in the staring periods of enclosure making may be due
to the feed resource availability in specific location and livestock population increment over time.

Table 6. Response of respondents on year of enclosure starts and reasons of enclosure making

Reasons of enclosure making N % Start of enclosure | N %
making (years)

Feed shortages increased 74 61.7 | 55 years ago 6 5

Supplement of calves and oxen 14 11.7 | 29 years ago 16 133

Heavy grazing and rainfall deficit | 32 26.7 | 31 years ago 16 133
46 years ago 23 19.2
20 year ago 24 20
37 years ago 12 10
10 year ago 16 133
15 year ago 7 5.8

I 5 5
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The average area of enclosure that pastoralist practicing ranged from 5ha to 300ha. Of which about 27%
of respondents estimated that the area of enclosure was 200ha. About 68.3% of respondents indicated the
areas of enclosure have been increasing. The increment in the size of enclosure has been due to the
community perception on the advantages of enclosure. While, 26.7% of the respondents have point out
that the sizes of enclosure have been decreasing. This is mainly due to high livestock and human
population and expansion of crop cultivation in rangelands. The respondents estimated that the number of
households used in one enclosure ranged from70 to 400, while the number of livestock that used in one
enclosure ranged from 800 to 2500.

Most of the enclosures used during dry seasons. The customary institution 'Abbaa dhedaa’ governs the
enclosure utilization and managements. The rule/bylaw used over years has not changed. However, the
respondents indicated that the violations of the bylaw have been becoming increased. This may be
associated to the prevailing feed shortages in the area. The penalties for the violation of bylaw ranged
from 100Birr/herd/day to 500Birr/herd/day in different districts. There were also penalties such as
imprisoning, 10 cattle and enforced to fence the enclosure for the violation of bylaw of enclosure
utilization.

There are problems related to utilization of enclosure among community. The problems include grazing
of enclosure that comes from other settlements during dry season, grazing by high number of animals and
expansion of private enclosure. The proposed solution by respondents are detail community discussion to
improve the rules, increasing communal enclosure, thinning the bush and consolidating the rules.

Table 7. Associated problems with utilization of enclosure and proposed solutions as perception of

respondents

Associated problems with % Possible solutions for utilization | N | %

utilization of enclosure N of enclosure

Theft of grazing in enclosure 9 |75 Discussion among community to | 23 | 19.2
improve rules

Grazing by high number of animals 14 | 11.7 | Increasing communal enclosure 45 | 375

Ranch development 9 |75 Conserving feed during rainy | 12 | 10.0
season

Private enclosure formation 9 |75 The rule should consolidated 13 | 10.8

Competition during grazing among | 9 | 7.5 Firing and clearing 13 | 10.8

household

Moving animal to other enclosure | 28 | 23.3 | All 14 | 11.7

from other olla during dry season

No problems 42 | 35

Respondents select area of enclosure based on different criteria’s. The most important criteria to establish
enclosure are; grass potential in the area, area should be against herding and water direction, no road
crossing through and proximate to settlement. Grasses to be considered in the area to establish enclosures
includes Heteropogon contortus, Panicum maximum and Pennisetum mezianu. However, most of the
respondents (57.5%) indicated that all grasses were considered to establish enclosure. This may lead to
the immediate deterioration of enclosure productivity if the grass types is not considered. About 81.8% of
respondents indicated that the productivity of enclosure in semi-arid of Borana has been decreasing. The
productivity of enclosure decreased due to bush encroachment and livestock population increment.
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Major available crop residues

About 65% of the respondents indicated that most of the available crop residues are maize stover and teff
straw. The communities utilized the crop residues for livestock feed, mud enforcement and selling for
income generation. They also used as fertilizers for their farmlands. Crop residues are mainly available
around bottom land/wet area of grazing land probably due to better fertility and moisture availability.
There is no treatment (physical and chemical) for feeding value improvement of crop residues during
feeding the animals. Hence, it needs further extension services on the improvement and utilization of
crop residues in the area.

Table 8. Major crop residues in semi-arid of Borana as respondents’ response

Types of crop residues N | % Usage of crop residues among | N %
pastoralists

Maize stover 23 [19.2 | Feed 32 26.7

Maize stover and teff straw 78 | 65 Feed, mud enforcement and market 60 50.0

Maize stalk and teff straw 5 4.2 Feed and mud enforcement 23 19.2

Maize stover and haricot bean 14 | 11.7 | fertilized the area on which it is staked | 5 42

Chemical composition of selected grasses and browse trees during hot dry season

The percentage of DM, Ash, OM, NDF and ADF were similar for the selected grasses during dry season.
During dry season, the N (%) and CP (%) were significantly (P<0.05) higher for Cynodon dactylon,
Cenchrus ciliaris among the selected grasses species. However, during dry season Panicium maximum
Pennisetum mezianum and Chrysopogon aucheri have low N (%) and CP (%). Pennisetum mezianum has
the lowest (P<0.05) in TITVOMD (%) among all grasses selected.

Table 9. Chemical composition of grasses samples during dry season

Grasses Parameters in (%)
DM ASH oM Ccp NDF ADF  ADL TIVOMD

Panicium maximum 91.7+0.2° 12.1£2.5° 87.9+2.5" 6.6+0.5® | 75.7+1.6" 52.7+0.6" 6.5+0.1° 39.7+0.9"
Pennisetum mezianum 91.3+0.1* 7.6+1.8" 92.4+1.8" 3.3+0.5° 79.8+0.1" 52.440.5" 8.7+0.2" 27.2+0.1°
Bothriochloa insculpta | 91.7+0.3* 11.4£0.9* 88.6+0.9° 4.7+0.9% | 77.1£0.5* 52.6+0.5° 7.3£0.4* 40.9+1.9"
Chrysopogon aucheri 92.1+0.2" 10.9+0.6" 89.0+0.6" 3.4+0.4° 76.842.1" 50.2+3.4" 7.3+0.9" 40.5+4.4"

Cynodon dactylon 89.8+0.4° 9.3+0.9" 90.7+0.9" 9.4+0.8" 727427 46.243.4° 5.9+0.8° 47.3%3.6°
Cenchrus ciliaris 91.4+0.4" 11.4+2.1* 88.6£2.1" 7.1+1.2® 74.144.1° 46.8+4.1° 5.7£1.0° 452433
Overall Mean 91.3x0.2 10.5£0.6  89.5+0.6 5.8+0.6 75.8+1.0 49.9+1.2 6.8+0.4 40.9£1.9
CV (%) 0.5 22.6 2.7 23.8 5.6 9.9 18.7 13.0

During dry season, Biden hildebrandi was lower in DM (%) among selected browse species. Grewia
tembensis has the highest ash (%) among the selected browse trees. Pappea capensis and Acacia nilotica
have highest OM (%) among the selected browse trees. Acacia brevispica and Acacia nilotica have the
highest N (%) and CP (%) among the selected browse trees. This indicates that different browse trees
have different merit in terms of chemical compositions.

___________________________________________________________________________________________EEW
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Table 10. Chemical composition of leaves of selected browse trees during dry season

Browse trees Parameters in (%)

DM ASH OM CcP NDF  ADF ADL TIVOMD
Acacia brevispica 89.8+0.3" 11.3+1.1°7 88.7+1.1°7 20.2+2.6" | 41.7£9.0a 41.5£5.9bc 11.2+5.6ae 78.2+7.1a
Rhusnatalensis 89.141.3% 10.940.9° 89.0+0.9°  14.6+0.3™ | 49.9+8.4a 40.6+4.3bc 15.7+0.6ab 69.5+1.1ab
Dalbergia icrophylla | 89.7£1.1° 10.5£0.9° 89.5+0.9°  17.242.9°° | 44.6+8.8a 38.2+5.3bc 9.9+2.4bce 75.6+4.7ab
Acacia tortilis 88.9+1.4 11.8+0.4% 88.2+0.4™ 16.4+0.8" | 45.7+9.3a 36.6+5.5bc 13.4+1.1a 67.5+3.9b
Pappea capensis 91.9£0.4" 6.4+0.2°  93.6£0.2"  9.9+0.0° 43.3+£3.9a 41.2£2.6bc 14.7+0.6a 57.6+0.2¢

Biden hildebrandi 85.842.1% 15.4+£1.0° 84.6:1.0° 13.9£3.1™ 58.3+17.52 42.2+8.4bc 14.9+2.9a 69.5+3.5ab
Phyllanthus sepialis | 88.4+0.5" 14.1£2.3" 85.9+23% 13.4+2.7" 50.7+1.2a 38.4+0.5bc 11.2+0.3ae 69.4+0.3ab
Grewia tembensis 90.5+0.2" 18.2+0.2° 81.8+0.2°  11.3+1.0° 53.143.1a 48.9+2.6ac 6.8+1.8¢c 67.4+1.2b

Acacia nilotica 90.4+£0.9" 5.7+0.5°  94.3+0.5" 14.7£0.7bc | 48.4+6.9a 34.4+3.2b 16.7+1.9a 69.3+1.0ab
overall mean 89.4+0.4" 11.6+0.9 88.4+0.9 14.6+0.7 48.6+2.4 40.2+1.5 12709  69.2+1.3
CV (%) 1.9 11.8 1.5 16.7 27.0 18.0 26.0 6.8

Chemical composition of selected grasses and browse trees during wet season

The DM(%) , OM(%), ADF(%), ADL(%) and TIVOMD (%) of the selected grasses in wet season are less
than the dry season, whereas N(%), CP(%) and ASH (%) increased during wet season. Many factors that
affect the nutrient value of herbaceous plants, of which; seasonal variability (Snyman, 1998), species
variation (Arzani et al., 2008), soil nutrient status of production location (Tessema ez al., 2011), grazing
pressure (Henkin ez al, 2011) and management aspects (van der Westhuizen et al., 2005). Cynodon
dactylon and Panicium maximum have the highest TIVOMD (%), N (%) and CP (%) among the selected
grasses. Cenchrus ciliaris has constant N (%) and CP (%) in both seasons.Cynodon dactylon has lower
NDF (%), ADF (%) and ADL (%) among the selected grasses during wet season. Alemayehu, (2006)
indicated that seasonal shortages and low nutritive value of the available forage hindering growth and
sustainable livestock production in the semi-arid Borana.

Table 11. Chemical composition of grasses samples during wet season (April-May)
Parameters in (%)

DM ASH oM CP | NDF ADF ADL TIVOMD

Cynodon dactylon 90.5+1.4a 12.3+0.7ab 87.7+£0.7ab 11.9+1.1a | 70.9+0.7c 39.2+1.7b 4.74£0.5¢ 55.7£3.9a
Panicium maximum 90.9+0.1a 13.3+£0.9ab 86.7+0.9ab 10.9+0.2a | 72.7+1.9cd 44.6+2.1a 5.9+0.3b 51.8+4.2ab
Pennisetum mezianum | 91.140.1a 11.4+0.1b 88.6+0.1a  5.7+0.2b | 77.8+1.2a 47.7+1.8a 6.9+0.1ab 42.6+0.6b
Bothriochloa insculpta | 91.1£0.1a 14.1£0.9a 85.9+0.9b  6.2+0.2b | 74.1+0.9bde 47.2+1.2a7.0+0.4ab 42.1+1.8b
Chrysopogon aucheri | 91.2+0.4a 12.2£0.9ab 87.8£0.9ab 6.9+0.6b | 77.1+1.4ae 49.0+1.5a 7.3+0.1a 45.5+3.6b

Grass species

Cenchrus ciliaris 91.1£0.2a 13.3+0.4ab 86.7+0.4ab 7.3£1.0b | 73.3+0.3cd 44.6+1.0a 6.4+0.1ab 43.9+1.2b
overall mean 90.9+0.2 12.8+0.3 87.2+0.3 8.1+0.7 74.240.74 53409 6.4+0.3 46.9+1.7
CV (%) 1.2 9.7 1.4 15.5 2.3 55 8.7 10.4

The chemical compositions of leaves of different browse trees varied between the two seasons (long rainy
and hot dry seasons). Some of the chemical composition of browses trees is higher in wet season than in
hot dry season, whereas for some browses trees the inverse is observed. Acacia nilotica have highest DM
(%) and OM (%) during the wet season among the selected browse trees. However, Acacia brevispica,
Dalbergia microphylla, Acacia tortilis, Phyllanthus sepialis and Biden hildebrandi have significant (P<
0.05) N (%) and CP(%) differ among the selected browse trees. Grewia tembensis and Pappea capensis
have significantly (P<0.05) lower in TIVOMD (%) among the selected browse trees. But, generally
TIVOMD (%) for all browse trees greater during wet season than during dry season.
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Table 12. Chemical composition of leave of browse tree samples during wet season (April-May)

Browse trees Parameters in (%)

DM ASH oM CP NDF ADF ADL  TIVOMD
Acacia brevispica 90.240.2¢d13.6+2.2be 86.4+2.2be 19.7+1.4ab 37.946.9a 44.6+2.1ac 13.1£2.2ce  88.1+2.4ab
Acacia nilotica 94.9+0.7a 4.2+0.7c  95.8+0.7a 12.5+1.4cd 48.146.3a 41.2+1.6bdefg 24.7+0.9a  84.5+3.4abc
Grewia tembensis 90.140.5¢d 18.7+0.7a 81.3+0.7¢ 13.8+1.4bde | 51.8+5.6a 50.2+2.3a 8.9+1.7¢c  76.5+4.8bd
Dalbergia microphylla | 89.7+0.4ce 14.2+1.8bd 85.8+1.8bd 22.2+0.6a 47.942.9a 45.5+2.3ad 14.9£1.8cd  91.0+1.8a
Acacia tortilis 91.9+0.2b 12.8+0.8be 87.2+0.8be 17.3+0.4ad 45.9+6.5a 41.6+3.3bdefg 19.7+3.2ad 86.2+0.8ab
Biden hildebrandi 88.7+0.0ce 14.8+1.9bd 85.2+1.9bd 16.4+5.1ae 47.3+1.2a 36.2429cef  12.940.6ce 80.9+9.5abc
Pappea capensis 91.9+0.0bd 11.1+1.4b 88.9+1.4bf 11.6+2.0cd 41.7+1.3a 44.2+1.1afg  18.0+0.9bde 70.4+1.9cd
Rhusnatalensis 90.2+1.1cd 16.0+0.1ade 83.9+0.1°%"  13.4+0.4ce 45.749.9a 42.5+3.8ag  20.9£1.9a 75.8+7.9abc
Phyllanthus sepialis 90.4+0.0bde 14.0+1.3bd  85.9+1.3bd 18.9+2.6ab 42.7£0.3a 34.6£3.3cg 12.6+0.9ce  86.5+7.1ab
overall mean 91.1+0.4 13.1£0.9  86.9+0.9 15.8+0.9 459+1.8 42.6+1.2 16.5+1.2 82.2+1.8
CV (%) 0.9 14.1 2.1 18.7 19.9 9.6 18.7 8.9

Conclusion and Recommendation

The major feed resources in semi-arid of Borana rangeland are from grazing lands and browses. To some
extent crop residues and pods from different trees are also used as livestock feeds. However, these feed
resources are not adequately available throughout the year. Hence, feed shortage is the main constraints
especially in the dry seasons in the semi-arid areas of Borana. Enclosure making and mobility of the herd
to search for better feeds are among the mitigation to feed shortage practices by the livestock keepers. The
mitigation has becoming difficult because of rangeland degradation and loose of bylaw on enclosure
management and utilization among the community. Proper rangeland improvement and management of
enclosure should be strengthening to mitigate feed shortages. Variation of chemical composition among
grasses species and browses were significantly high. The nutritive value of grasses species, especially CP
(%), was less than critical value during the dry season. Hence, the study recommends improving feed
sources; mainly rehabilitating rangelands and upgrading the nutritive value of feed sources during the dry
season.
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Abstract

The study was conducted at Gerba research sub site of Bullehora district with the intention to evaluate the
performances of oat and vetch accessions, to select and recommend the most promising forages to the
study area. The accessions were collected from Holeta Agricultural Research Centre (HARC) and
International Livestock research Institute (ILRI). The materials were sown in Randomized Completely
Block Design (RCBD) with three replications. The analysis of oat accessions showed that there was a
significant variation within accessions with respect to plot cover, plant height, dry matter and seed yield.
Highest mean dry matter yield were observed for Lampton (10.7 t/ha), Jasari (9.3 t/ha) and CI-8235
(9.1t/ha). While the highest seed yield was recorded for SRCPX80Ab2806 (1142 kg/ha) followed by CI-
8251 (1118kg/ha) and 79Ab382 (TX)(80SA94) (1029.4 t/ha) accessions. The result also showed that
there were significant differences in agronomic and yield parameters among the tested vetch accessions.
The maximum dry matter yield (17.27 t/ha) was obtained by Vicia dasycarpa nomia while the seed yield
of Vicia sativa ICARD61509, Vicia dasycarpa nomi, and Vicia villosa collected from Holeta were the
highest among the tested vetch accessions. No disease incidences and pests were observed on vetch and
oat accessions. In general, there was high dry matter yield variation among oat accessions, whereas the
yield difference is magnificent in the case of vetch accession. Hence, it is very important to further
evaluate the materials at on-farm conditions and demonstrate the best performing oats and vetch
accessions for the farmers to improve feed shortage in study area.

Key words: Improved forages, vetch, oat, dry matter, accessions,

Introduction

Ethiopia has the largest livestock population of any country in Africa. However, nutritional factors are the
binding constraint to sustaining livestock production in Ethiopia. Feed shortage becomes very critical in
most of the areas mainly due to the high population pressure which leads farmers to cultivate grazing
lands (Getinet et al., 2004). On other hand, increasing uncontrolled grazing on scarce common areas has
contributed to the degradation of many range and pasture lands (Alemayehu, 2006). The present valuable
sources local feed resources are very low in quantity and quality. Hence, if these feed resources
supplemented with protein from improved forages, it provide an economic and productive ration for
ruminant livestock. A lot of efforts have been made to introduce and evaluate the performance of
improved forages such as oats and vetch in different parts of the country. However, there is limited
information on the adaptability of improved forages including oats and vetch in the midlands of Borana
zone. Hence, this study was conducted with the objectives to evaluate the adaptability of different oat and
vetch accessions to the mid-highlands of Borana zone and select the best promising accessions for the
agro ecology of the study area.

Materials and Methods

The study was conducted in midland of Bule-Hora district of Borana zone, at Gerba research station site.
It is found on Southern part of Oromia at a distance of 456kms from Addis Ababa. It has an altitude of
2244 m.a.s.l and characterized by bimodal rainfall type. Different accessions of oat and vetch were
collected from ILRI and HARC. A RCBD with three replications was employed incorporating for each
herbaceous legumes and grasses species. A fine seed-bed was prepared by plowing and harrowing. The
materials were planted in rows. Seeding rate for oat and vetch were 80kg/ha and 30 kg/ha, respectively.

_______________________________________________________________________________________ 9|
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Seeding was carried out in the main rainy season on cultivated seedbeds. Hand weeding was performed at
appropriate time.

Data on establishment of forages, seed yield, forage yield and plot coverage were collected. During the
fourth week after seeding, emerging plants was counted from each row plot to assess germination
percentages. The harvest was taken from the middle of the plots 4m” at 15cm height above ground. Plant
height was determined as an average height of three larger and three smaller heights that randomly
selected plants measured from ground level during harvesting stage. All seeds were harvested by hand.
Incidences of pests and diseases was observed and recorded regularly. All recorded agronomic and yield
data were subjected to statistical analysis using the general linear model (GLM) of the Statistical
Analytical System (SAS, 2002) in order to determine attribute differences between different cultivars of
the same species.

Results and Discussions

Mean values of yield and yield attributes of oats

The mean plot cover, plant height, dry matter and seed yield of oats varieties depicted in table 1. The
analysis showed that the plot cover, plant height, dry matter and seed yield were significantly (P<0.05)
different among the accessions evaluated. The highest plot cover were recorded for the accessions of oat
of CI-8237 (80.3%), Jasari (80.2%) and CI-8235 (77.5%). These three accessions performed better in
covering the plots as compared to the others. The average height of the oats accessions at harvesting stage
was ranged between 56.2 and 68.8cm. The highest plant height was observed for the accessions of CI-
8235 and SRCPX80ADb2291. The plant height value recorded for this trial is lower as compared to the
values obtained by Getinet e al. (2004) and Fekede et al. (2008) that indicted the average height of the
tested oats accessions at forage harvesting was ranged between 120 and 169cm. This variation may be
due to the difference in environmental conditions and fertilizer application.

The highest dry matter yield (18 t ha™) was obtained from Lampton followed by Jasari (9.3t ha™) and CI-
8235 (9.1t ha™") accessions. The study of Getinet ef al., (2004) indicated that the forage yields of the oat
accessions were significantly different and varied in the range of 10.1 to 15.4 t ha". The dry matter yield
was positively correlated with height for some accessions of oat. This agrees with study of Getinet ef al.,
(2004) that dry matter yield was positively correlated with height. However, for accession of oat of
SRCPX80Ab2291, the dry matter yield and height negatively correlated. This may indicates the
proportion of leaves and stems very low related to its height and hence height of plants may not underline
for the quantity of forages produced per unit area. This also outlined by similar study of Getinet et al.,
(2004).

Similarly, there was seed yield variation of oat accessions with the highest yield recorded for
SRCPX80Ab2806 (1142 kg/ha) followed by CI-8251 (1118kg/ha) and 79Ab382 (TX)(80SA94) (1029.4
t/ha). The highest seed yield produced by accessions SRCPX80Ab2806 and CI-8251 confirm that the
more forage yielder produce less seed yield. The study was in line with of study of Getinet et al., (2004)
that depicted the dry matter yield and seed yield was negatively correlated. There were no disease and
pests observed during the evaluation periods.
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Table 1. Mean agronomic and yield performance of oat accessions tasted at Gerba research sub site

of Bullehora district

Oat Accessions PC (%) PH (cm) DM yield (t/ha) SY(kg/ha)
79Ab382(TX)(80SA94)  59.8+3.2cde 56.2+1.8b 5476.7+1004.8d 1029.4+131.8ab
79Ab382 (TX)(80SA95  62.2+1.0cd 57.5+3.2b 5627.3£1006.9d 882.4+177.8bc
CI-8235 77.5£2.5a 68.8+0.8a 9151.3+1663.8abc  844.3+128.9bc
CI-8237 80.3+1.3a 67.3+4.3a 6338.7+941.9d 796.2+180.7¢
CI-8251 52.7+1.9¢ 61.3+2.4ab 6986.7+1849.4bcd  1118.0+184.2a
Grayalegris 67.7+4.6bc 61.2+4.9ab 6407.3+1646.7d 746.4+145.8¢
Jarsi 80.2+1.4a 65.0+0.9ab 9300.7+£2097.5ab  669.8+152.3¢c
Lampton 74.5+4.8ab 66.8+2.8a 10712.0+£3283.0a  676.4+149.3¢c
SRCPX80Ab2291 58.3+4.2ed 68.7+5.3a 6774.7£1774.3cd  839.4+130.1bc
SRCPX80Ab2806 63.3+0.8cd 64.0+2.6ab 4868.7+853.5d 1142.0+253.5a
Overall 67.7£1.5 63.7+1.1 7164.4+563.5 874.4+53.1

'PC =Plot cover, PH= plant height; DM= Dry matter yield, SY = Seed yield; Figure having the same
Letters with in column are not significantly (P>0.05) differ *Values followed by different letter (s) are
significantly (p<0.05) differ

Mean values of yield and yield attributes of vetches

The analysis result showed that there were significant differences (P<0.05) among vetch accessions tested
with respect to plot cover, plant height, dry matter and seed yield. Vicia dasycarpa lana recorded the
highest plot cover (68.3%) followed by Vicia vilosa collected from ILRI Vicia villosa collected from
Holeta and Vicia dasycarpa nomi (Table 2). The longest height (76.7cm) was recorded by Vicia villosa
collected from Holeta while the least (65.8) plant height obtained from Vicia dasycarpa nomi. The study
of Teshome et al., (2004) indicated that the height of vetch varies across locations. However, the result of
this study in terms of plant height was lowest score when compared to the study of Tekleyohannes et al.,
(2003) probably due to the fertilizer application.

Except for accession Vicia sativa ICARD61744, the performances of the tested accessions were not
significantly differ (P<0.05) with the respect to the dry matter yield. Maximum dry matter yield (17.27
t/ha) was obtained by Vicia dasycarpa nomia and following by Vicia villosa collected from Holeta and
Vicia sativa ICARD61509. Whereas, the minimum (10.47t/ha) dry matter yield was produced by Vicia
sativa ICARD61744. This result was in line with the finding of Tekleyohannes et al, (2003) that
indicated the dry matter yield of vetch for three consecutive years was ranged from 0.7-9.4t/ha. Most of
the other studies conducted so far were by applying fertilizer on vetch. This may be the reason why the
dry matter yield of vetch accession were somewhat lower than other findings.

The seed yield of Vicia sativa ICARD61509, Vicia dasycarpa nomi, and Vicia villosa collected from
Holeta were the highest among accessions with the value of 1525.7 kg/ha, 1407.0 kg/ha and 1320.7kg/ha
respectively. In addition to sole cropping, many studies indicated (Fekede et al., 2004) that vetch are best
preformed when sown with the mixture of oat and other grasses. Generally, the tested oat and vetch
accessions have shown that they could solve the feed shortage of the study areas if it is demonstrated to
the end users.
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Table 2. Mean agronomic and yield performance of vetch accessions tasted at Gerba research sub

site of BulleHora district

Vetch accessions PC (%) PH (cm) DM yield (t/ha)  SY (kg/ha)
Vicia atropurpurea 59.2+4.2ab 76.0+1.8a 1462.74214.2ab  1232.2+21.0ab
Vicia dasycarpa lana 68.3+3.6a 71.8+4.1ab 1460.0+323.5ab 1259.7+139.6ab
Vicia dasycarpa nomi 65.3+3.5a 65.8+3.2b 1727.3+104.3a 1407.0+198.2ab
Vicia sativa ICARD61509  62.7+5.1ab 74.3+2.9a 1572.74215.1ab ~ 1525.7+112.9a
Vicia sativa ICARD61744  52.5+3.4b 72.3+4.1ab 1047.3+£111.9b 914.3+167.5¢
Vicia villosa (collected 66.7+2.1a 76.7+1.4a 1601.3£335.9ab ~ 1320.7+137.4ab
from Holeta)

Vicia  vilosa  (collected 67.843.0a 76.2+1.1a 1404.7+102.2ab 1150.3+116.6bc
from ILRI)

Overall mean 63.2+1.5 73.3+1.2 1468+83.4 1258.6+55.7

'PC =Plot cover, PH= plant height; DM= Dry matter yield, SY = Seed yield; Figure having the same
Letters with in column are not significantly (P>0.05) differ > followed by different letter (s) are
significantly (p<0.05) differ

Conclusions and Recommendation

The analysis of oats and vetch accessions showed variation within accessions with respect to agronomic
and yield parameters tested. Highest mean dry matter yield were observed for Lampton, Jasari and CI-
8235. While the highest seed yield recorded for SRCPX80Ab2806 followed by CI-8251and 79Ab382
(TX)(80SA94). The highest seed yield produced by accessions SRCPX80Ab2806 and CI-8251 confirm
that the more forage yielder produce less seed yield. On the other hands, maximum dry matter yield
(17.27 t/ha) was obtained by Vicia dasycarpa nomia and following by Vicia villosa collected from Holeta
and Vicia sativa ICARD61509. The seed yield of Vicia sativa ICARD61509, Vicia dasycarpa nomi, and
Vicia villosa collected from Holeta were the highest among the tested vetch accessions. No disease
incidences and pest observed on vetch and oat accessions. In general, there was high dry matter yield
variation among oat accessions, whereas the yield difference is magnificent in the case of vetch accession.
Hence, it is very important to further evaluate the materials at the on-farm condition and demonstrate the
best performing once for the farmers to improve feed shortage in study area.
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Abstract

The study was conducted to evaluate the chemical composition of promising adapted forages species in
semi-arid of Borana rangelands. Rhodes grass, Elephant grass, Cajanus Cajan, lablab, Sesbania sesban
and Rhynchosia ferruginea (local check for legumes) were collected from YPDARC of field trails station.
Accordingly, the chemical compositions of all of these promising forages are on acceptable ranges. The
crude protein (CP) percentage of forage legumes is high, while the neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL) are low; which leads as supplement for the low
basal diets for the ruminants. The grasses are low in CP (%) and hence need to integrate with protein
supplements. The chemical composition of improved forage legumes (Lablab, Cajanus cajan and
Sesbania sesban) were comparable to Rhynchosia ferruginea which was considered as local check.
Hence, in addition to local forage legumes, improved forages legumes has the potential in semi-arid of
Borana for enhancement of feed production and protein supplement for low quality basal diet.

Key wards: Improved forages, Nutritive value, Forage legumes, Semi-arid of Borana

Introduction

Semi-arid of Borana supports the largest livestock population in the Ethiopia. The livelihood of Borana
people is mainly dependent on the production of livestock as source of food, income, prestige and security
in times of hardship. However, livestock production and productivity is very low because of inadequate
feed in quantity and quality which primarily derived from natural pastures and crop residues (Tessema,
1998). Among the technical constraints limiting livestock productivity, issues related to feed are the major
ones owing to biological and economic reasons. Feasibility and productivity of livestock production is
basically a function of the types of feed and feeding. Although natural pastures have been the main
livestock feed sources in Borana zone, grazing lands are gradually being brought into cultivation. High
livestock concentration in limited grazing lands caused heavy grazing leading to soil degradation, which
in turn has resulted in a decline of year round feed supply especially during dry season. Thus, there is loss
of livestock condition in the dry season, mainly because of inadequate grazing and lack of planted
forages.

One of the options to solve the scarcity of feed is to use agro-industrial by products such as cotton seed
cake and ground nut meal. However, supplies of these feeds are inadequate for the existing livestock
population and feed prices are high and hence they are not readily available. Hence, for sustainable
livestock production there is a need to introduce high yielder and quality of forage legumes and grasses
which can be used as supplementary feed in the dry season (Karue, 1974 and FAO, 1981). On the other
hand, information on feed quality is one of the decision support tools required to provide rational basis for
utilization of feed resources, to improve animal production and productivity and ultimately to increase
financial returns to the producers. Laboratory based evaluation have special merit in reducing cost and
time to arrive at practical solutions for field level problems. Therefore, the objective of the activity was
designed to evaluate the nutritional quality of feed resources which are adapted under semi-arid
conditions of Borana zone.

.|
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Methodology

The study was conducted in semi-arid Borana rangelands of Oromia. Feed samples of promising adapted
forages species were collected from YPDARC field trails station. Some of the forages considered for
analysis were Rhodes grass, Elephant grass, Rhynchosia ferruginea (local), Cajanu scajan, Lablab,
Sesbania sesban and Sesbania aculeata. A leaf of browses was sampled from five plants that represents
the whole area of plots and bulked together for analysis. For herbaceous and grasses species, three
quadrants of a size of 0.5mx0.5m were sampled and bulked for chemical composition analysis. According
to the manual of laboratory, the sampled forages were prepared in all stage of the steps. To avoid
contamination the samples were properly stored in good materials. The parameters analyzed were DM,
Ash, OM, N, CP, NDF, ADF, ADL and TIVDMD. These chemical composition of forages species
determined using the Near Infera Red Spectrum (NIRS) at International livestock research institute (ILRI)
of nutritional laboratory.

Result and Discussions

The result of chemical composition of the selected adapted forage varieties was presented in table 1. The
CP values of the browse and herbaceous legumes species ranged between 17.55%-28.96%. While, the
average CP (%) of Rhodes grass and Elephant grass are by far lower than browse and herbaceous legumes
species. This is because of most of tropical grasses are characterized by high fiber content and low
protein, energy and mineral contents. The CP content in present study agrees with the study of Alexander
et al. (2007). The crude protein contents of Cajanus cajan in this study ranging from 19.55 to 28.96%.
This is consistence with the report of Alexander et al., (2007) that indicated crude protein ranging from
16.3-27 % and is an excellent source of protein (Ahmed and Nour, 1997). Cajanus cajan leaves have
similar intake and CP content with that of alfalfa (Park et al., 1989). Hence, it was indicated that the use
of Cajanus cajan leaves could be an effective substitute for industrial concentrates (Foster ez al., 2009).
The CP (%) of Dolichos lablab ranged 17.5-19.55%. This study agrees for some accession that evaluated
under semi-arid of Kenya (Karachi, 1997). It indicated that the current evaluated Dolichos lablab
accessions are at accepted level of protein supplements for poor feed stuffs. The Sesbania sesban have
high protein content that ranged from 20.59-28.56% from both years. This in line with the findings of the
reports of Manaye et al., (2009); Orwa et al., (2009) that indicated Sesbania sesban has a high level of
foliage nitrogen and is an excellent supplement to protein-poor roughage. Furthermore the report of
Pravin et al.,, (2012) indicated that the leaves and tender branches of this tree have high levels of protein
(with 20 to 25% crude protein), and easily digestible when consumed by ruminants.

However, the amount of NDF (%) and ADF (%) of Rhodes grass and Elephant grass are higher than the
forage legumes. The NDF and ADF contents of Rhodes grass in this study are lower than the values
reported by Nurfeta (2010). However, the NDF content in this study was higher; while ADF content was
lower when compared to report of Gebregiorgis et al. (2011). This inconsistence may be due to the
difference of the evaluation methods and stage forages evaluated. The NDF (%) and ADF (%) of
Dolichos lablab of this study also agrees with similar author for most of the accessions.

The TIVDMD (%) of Rhodes grass was lower than elephant grasses and legumes. This indicates that
Rhodes grass feeding need to be integrated with some legume species to fulfill the nutritional
requirements of livestock. However, the TIVDMD (%) of Dolichos lablab of this study higher than the
report of Karachi, (1997). The current Sesbania sesban cultivar has low NDF, ADF, ADL and high
TIVDMD. This indicates that the leaves easily digestible when consumed by livestock. Hence, the
climatic condition suited for Sesbania sesban ranges to semi-arid areas. Rhynchosia ferruginea is a local
herbaceous legume that has similar chemical composition with the improved legume forages adapted in
the area. All of the browse and herbaceous legumes in this study would be good protein supplement.
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Table 1. Chemical compositions of some adapted improved forges in semi-arid of Borana

Name of DM Ash(%) OM CP (%) NDF ADF ADL TIVDMD
species/years (%) (%) (%) (%) (%) (%)

1" year (2013)

Rhodes grass 92.13 13.26 86.74 9.67 74.66 46.42 5.87 52.36

Cajanus cajan werer 92.12 12.22 87.78 19.55 38.33 39.89 11.38 69.84
Dolichos Lablab 90.57 10.47 89.68 18.95 46.91 32.90 4.62 74.59

purple

Dolichos Lablab 91.96 11.07 88.93 20.03 44.53 24.45 4.86 68.72
(147)

Sesbania sesban 91.11 13.44 86.56 20.59 34.05 34.52 9.34 73.48
Sesbania aculeata 91.30 13.12 86.88 21.01 29.68 31.78 8.55 77.98
Elephant grass 90.51 14.72 85.28 13.73 75.41 42.20 5.99 78.65
2" year (2014)

Dolichos Lablab 89.97 11.54 88.46 17.55 41.67 33.05 3.95 78.05
purple

Dolichos Lablab 89.98 10.86 89.14 18.44 42.73 33.14 4.03 79.51
(147)

Cajanus (duwarf) 91.04 9.40 90.60 28.96 17.57 20.58 4.66 80.97
Cajanus walaita sodo  91.77 8.35 91.65 26.32 20.63 22.90 6.42 75.80
Sesbania aculeata 90.42 9.61 90.39 23.95 28.56 25.07 3.44 78.90
Sesbania sesban 90.01 9.21 90.79 24.00 25.60 23.21 4.54 79.45
Rhynchosia 90.39 10.80 89.20 15.79 52.35 40.00 7.41 64.28
ferruginea

Conclusions and Recommendations

It is concluded that the browse and herbaceous legumes species evaluated in this study could be good
protein supplements to low quality basal diets in semi-arid of Borana. The grasses species are low in
protein content and hence need integration when feeding with good quality forages. The NDF contents of
all browse and herbaceous legumes are low to moderate. This indicates that the forages have high cell
contents, which is related with high digestibility. It is important also to conduct livestock feeding
experiments to determine the nutritive value of these promising species in terms of palatability, intake,
digestion and effect on production performance of the animals.

References

Ahmed, MMM, Nour, HS. 1997: Legume hays as a supplement for dairy goats during the dry season.
Small Rumin. Res.26: 189-192.

Alexander, G, Ravi, D, Reddy, RCh, Saxena, KB, Hanson, J.Upadhyaya, H D, Blimmel, M. 2007.Forage
yield and quality in pigeon pea germplasm lines. An open access Journal .ICRISAT. Volume 3,
Issue 1.

FAO. 1981. FAO Trade Yearbook, 1981. FAO, Rome.

Foster, J. L. ; Adesogan, A. T. ; Carter, J. N. ; Blount, A. R. ; Myer, R. O. ; Phatak, S. C., 2009. Intake,
digestibility, and nitrogen retention by sheep supplemented with warm-season legume hays or
soybean meal. J. Anim. Sci., 87 (9): 2891-2898

rs. |



Livestock Research Proceeding

Gebregiorgis, F, Negesse, T, Nurfeta, A. 2011.Feed intake and utilization in sheep fed graded levels of
dried moringa (Moringa stenopetala) leaf as a supplement to Rhodes grass hay. Trop. Anim.
Health Prod.44: 511-517.

Karachi, M., 1997.Growth and nutritive value of Lablab purpureus accessions in semi-arid
Kenya.Tropical grassland, vol. 31, 214-218.

Karue, C.N. 1974. The nutritive value of herbage in semi-arid lands of East Africa. 1. Chemical
composition. East African Forage Journal. 40: §9-95

Nurfeta, A.2010. Feed intake, digestibility, nitrogen utilization and body weight change of sheep
consuming wheat straw supplemented with local agricultural and agro-industrial by-products.
Trop. Anim. Health Prod.42: 815-824.

Orwa C, Mutua A, Kindt R, Jamnadass R, Simons A (2009).Agrofores tree Database: a tree reference and
selection guide version 4.0 (http://www.worldagroforestry.org/af/treedb/)

Pravin G, Priti G, Shaikh A, Sindha S, Khan MS (2012). Sesbania sesban Linn: A Review on Its
Ethnobotany, Phytochemical and Pharmacological Profile. Asian J. Biomed.Pharmaceut. Sci.
2(12):11-14.

Park, YW, Reynolds, GA, Stanton, TL. 1989. Comparison of dry matter intake and digestibility of sun-
cured pigeon pea, alfalfa and coastal Bermuda grass by growing dairy goats. Small Rumin. Res.2:
11-18.

Tesema Zewude, 1998. Effect of intercropping, animal forage legumes on maize grain, stover yield
production and forage production at adet north western Ethiopia. A search for strategies for
sustainable crop production smallholder perspectives of the agronomy and crop physiology
society of Ethiopia, 21-22 May 1998, addis Ababa, Ethiopia




Livestock Research Proceeding

Effect of Encroaching Acacia Species on Herbaceous Composition, Aboveground Biomass
and Soil Nutrient Status in Borana Rangeland, Southern Ethiopia

Bedasa Eba’, Bikila Negasa, Samuel Tuffa, Jaldessa Doyo
Yabelo Pastoral and Dry land Agricultural Research Center (YPDARC), P.O. Box: 085, Borana Zone
*Corresponding Author email:keetumal 983@gmail.com

Abstract

The study was carried out in Yabelo district with the objective to investigate the interaction of invasive
acacia species on herbaceous species composition, above biomass and soil nutrient status. Three acacia
species Acacia drepanolobium, Acacia mellifera and Acacia reficiens were selected respectively from
Dikale, Elawaya and Harowayu kebeles of Yabello district based on their prioritization as encroaching
species by local communities. By extending 15m transect from the trunks of each of the three species,
three zone (root, canopy and open zone) were demarcated along transect. This was replicated three times
for each acacia species. Herbaceous species cover, above ground productivity and soil properties of two
layers (0-15cm and 15-30cm) were determined in each zones. The result showed variations in zones with
respect to each acacia species. With respect to each acacia species; dry matter yield, species composition
and basal cover were highest (P<0.05) at open zone. For the three acacia species there were no difference
(P>0.05) in soil texture among the three zones. Chemical soil properties; pH, CEC, K, Ca and Mg were
not differed (P>0.05) among layers of soil, zones and their interactions for each acacia species. But,
highest percentage of organic carbon and nitrogen were observed under root zone of Acacia
derpanolopium and Acacia refencies. In general, the result suggested that all acacia species have negative
effect on above biomass where as positive effect on soil nutrient status. Hence, minimizing the density
(by thinning) of each acacia species has positive effect to increase productivity of the rangelands and
improve fertility of the soil as well.

Key words: woody encroacher species, above ground biomass, soil nutrient status, rangelands

Introduction

East African rangelands including Borana rangelands accompanied by environmental change such as
drought can encourage the establishment of undesirable woody species. The appearance of such plants
can produce problem because grass production reduced from competition for water, light or nutrient
(Tamene, 1990). In addition many woody species are thorny or thicket-forming so that grass production
under their canopy is inaccessible to livestock (Part and Grwynne, 1977). When these results combined
the range will deteriorated and pastoral production can be reduced. According to Oba (1998) more than
50% of the total land size of Borana plateau is invaded by different bush species. Belesky et al., 1989
investigated that net primary productivity under and near trees of Acacia tortolis and Adansonia digitata
were significantly greater ANPP in their canopy zone than in their root. This suggests that tree canopies
may improve the water status and the understory species. This study further revealed that realizable N
and microbial biomass were significantly higher in soils from the canopy than from the root and grassland
zones, whereas organic matter, P, K, and Ca (but not Mg) declined in soil from the base of the trees
towards the open grassland. In contrast herbaceous layer productivity is lower under tree canopies than
the nearby open grassland (Dye and Spear, 1982; Wiker and Noymier, 1982) as sited in Belesky et al.,
1989. The problem of bush encroachment has been well recognized in southern rangeland and some
efforts have been done by different organization regarding their control. Despite the interest in bush
management, it is remarkable that little information is known about the interaction of the two basic
components; trees/shrubs and herbaceous species. Hence, the study aimed to investigate the interaction
between trees/shrubs and herbaceous species, to determine the effect of tree canopies, roots on herbaceous
species composition, aboveground biomass and soil nutrient and to identify the most noxious shrubs/ trees
that negatively affect herbaceous species production.

7).
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Materials and methods

Study area selection and description

The study was conducted in Yabelo district within radius of 50km from Yabelo town, Borana Zone,
Southern Ethiopia. The study area occupied almost entirely by pastoral populations, and resource use is
largely communal, though with crop cultivation and private enclosures that appear to be increasing in
recent decades. Rainfall delivery is bimodal; with the long rains accounting for 60% of the total rainfall
falling between March and May and the short rains comprising of 27% of the total rainfall falling between
September and November. There is spatial and temporal variability in both the quantity and distribution
of rainfall with an average annual rainfall varying from 353mm to about 700mm per annum. Annual
mean temperature is varying from 19 to 24° C with little seasonal variation (Kamara and Kirk, 2002).
Three kebeles which are highly encroached by acacia species were selected from Yabelo district.
Accordingly, three acacia species was selected based on prioritization as encroaching species by local
community and reviewing past documents in each kebeles. The selected acacia species were namely;
Acacia drepanolobium from Dikale kebele; Acacia mellifera from Elawaya kebele, and Acacia refencies
from Haroweyu kebele. All sites were enclosed for standing hay for more than 3 years and data were
collected during end of short rainy season (September to November).

Experimental design and measurements

Three plants for each acacia species that were almost similar in height, branches and structural form were
selected. A 15m transect was extended from the trunks of each of the three species in the surrounding
grasslands. The transect positioned as 1-2m for root zone, 5-10m for canopy zone and 12-15m for open
zone depending for each acacia species. Four transect were positioned in four direction (north, south, west
and east) randomly from each acacia species but shrubs, termite mounds and other disturbances were
avoided. Samples of basal cover and species composition were taken using a 0.5mx0.5m frame quadrant
along each the length of transects for three acacia species and three zones (three acacia species x three
zones x 3 replication). Herbaceous species cover, composition and above ground productivity was
determined in the three zones (root, canopy and open) (Baars et al., 1997). The average of four transect
for all parameters (basal cover, composition and dry matter) measured was used for analysis. The root
zones were confirmed by digging in deep trenches at various locations around each acacia species. Open
zones were demarcated beyond their canopy cover of each acacia species. Soil samples were taken from
three acacia species, three zones and two layers of soil (3 acacia species x 3 zones x 2 layers of soil x 3
replication) designed as randomized completely block design (RCBD). All plants within the 0.5mx0.5m
quadrant along transect were clipped to ground level. Dry matters of herbaceous were determined after
oven drying at 105 °C for 24 hours at YPDARC. To quantify the effects of acacia species on soil
properties, soil samples were taken from 0-15c¢m and 15-30 cm as two layers from root, canopy and open
zones for each selected acacia species. During the samples of soil, composite soils were taken in four
directions for all zones in respect to each species. Soil samples analysis were done at Holeta agriculture
research center.

Data analysis

Data were subjected to the analysis of variance using SAS version 9.0 (SAS, 2002). Least significance
differences (LSDs) at the 5% level of probability were computed to delineated significance differences
among treatment means.

Result and Discussions

Characteristics of acacia and herbaceous species compositions

The average height and areal canopy diameter were 5.3m and 4.75m; 6.2m and 8.3m; and 3.3m and 6.9m
of Acacia derpanolobium, Acacia mellifera and Acacia refencies, respectively. Most of the herbaceous
composition observed at each acacia species were perennial grass and very few were non-grasses that
depicted in table 1. The frequencies of most of the species were observed under canopy of each of acacia
species. The herbaceous species composition identified was 8, 5 and 7 under canopy of Acacia
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derpanolobium, Acacia mellifera and Acacia refencies, respectively. The grass compositions were lower
at open area of each acacia species than other zones.

Table 1. Species composition along the three zones of each acacia species

Species  of Zones

acacia
Root Canopy Open
Acacia Pennisetum mezianum (2)  Pennisetummezianum Pennisetummezianum (2)
derpanolobiu  Achyranthesaspera (2) Cenchrusciliaries (2) Ocmiumspp
m Sporoboluspyramidalir Ocmium spp.(2) Cenchrus ciliaris
Chlorisroxburghiana Chrotoloria Ingofera spp.
Eleusin spp. Chloris roxburghiana Sporobolus pyramidalir
Ocmiumspp Comolania
Achyranthes aspera
Sporobolus pyramidalir
Acacia Chrysopogonplumulosur Chrysopogonplumulosur Chrysopogon plumulosur
mellifera Achyranthesaspera Cenchrusciliaries Heteropogon contortus (2)
Heteropogoncontortus Heteropogoncontortus Teterapogon contortus
Aristida odscensinis Aristidaodscensinis Chrysopogonplumulosur
Sporobolus pyramidalir Enteropogonmacrostachyur
Enteropogon
macrostachyur
Acacia Pennisetummezianium Enteropogonmacrostachyur — Pennisetummezanium
refencies Chrysopogonplumulosur Lntonianutans Cenchrusciliaries
Achyranthesaspera (2) Chrysopogonplumulosur Achyranthesaspera
Ciodaovat Chrysopogonplumulosur
Lntonianutans Chrysopogonplumulosur
Achyranthesaspera Pennisetummezianum
Chrysopogon plumulosur

Effect of zones of each acacia species on herbaceous dry matter, basal and litter cover

The results showed that the effects of acacia species under canopy also differ from open area. The above
ground dry matter yield of the herbaceous at open zone of Acacia mellifera was higher (P<0.05) than root
and canopy zone. The basal cover was also higher (P<0.05) under canopy and open than root zone of
Acacia mellifera.

Like that of Acacia mellifera, Acacia derpanolobium have negative effect on above herbaceous vegetation
that shown in table 2. Dry matter was highest (P<0.05) at open zone of Acacia derpanolobium, whereas
basal cover was highest (P<0.05) under canopy zone than open zone. This may be due to accessible for
livestock grazing and high competition of woody species over herbaceous vegetation under canopy zones.

Effect of Acacia refencies on above herbaceous vegetation showed in table 2. Open zone of Acacia
refencies have highest (P<0.05) dry matter yield, basal and litter cover than canopy and root zones of
Acacia refencies. This indicates that Acacia refencies affect negatively the above herbaceous vegetation
under canopy and root zones.
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Table 2. Meantse of dry matter, basal cover, and litter cover at different zones for each acacia

species
Acacia species name Zones Dry matter (t ha™) Basal Cover Litter cover
score score

Acacia mellifera Root zone 0.15+0.02¢ 1.67+0.3b 2.33+0.3b
Canopy zone 0.43+0.06b 3.0+0.6a 3.33+0.3ab
Open zone 0.76+0.04a 3.33+0.3a 3.67+0.3a

Acacia derpanolopium Root zone 0.14+0.02¢ 2.67+0.3ab 1.33+0.3a
Canopy zone 0.23+0.02b 3.33+0.3a 1.33+0.3a
Open zone 0.58+0.02a 2.0+£0.0b 1.33+0.3a

Acacia refencies Root zone 0.03+0.01b 1.67+0.3b 1.0+0.0b
Canopy zone 0.13+0.01b 2.0+0.0b 1.67+0.3b
Open zone 0.66+0.04a 3.0+0.0a 3.0+0.0a

“D means with different letters within column for each acacia species is significantly different (p<0.05)

Soil chemical properties at zones of the each acacia species

The responses of three acacia species, namely; Acacia mellifera, Acacia derpanolobium and Acacia
refencies on soil status were indicated in table 3. The PH at Acacia refencies encroached area showed
difference (P<0.05) across zones and along depths of soil layer. Higher PH found under canopy and 15-
30cm soil layer of Acacia refencies encroached area, while there were no difference (P>0.05) of PH level
at Acacia mellifera and Acacia derpanolobium encroached area across zones and soil layers. The
magnitude of PH under canopy and root zones was higher than open zone for the three acacia species.
However, except for Acacia refencies, the PH value under canopy and root zones of Acacia mellifera and
Acacia derpanolobium in this study was less than the reports of Samuel (2009). This may be due to the
difference of season of soil sampling and small sample of the previous reports. Concentration of OC, P
and N increased significantly from the open zone to root zone and from soil layer of 15-30cm to 0-15¢cm
for the three acacia species. The organic carbon (OC) percentages content at the three acacia species
encroached area showed differences along zones and soil depth layers. The highest (P<0.05) OC obtained
from root zone and 0-15cm of soil layer for three acacia species. The second highest OC percentages
content was obtained from canopy zones when compared to open zones of the each acacia species. The
magnitude of OC for Acacia mellifera was higher than the two other acacia species. This results of OC
percentages of this study lower than the reports of Samuel (2009) for Acacia mellifera area, but similar
for Acacia derpanolobium. Similar to OC, Phosphorus content showed same trend, where it was highest
(P<0.05) at root zones and 0-15cm soil layers for the three acacia species. The value of P for the three
acacia species by far lower than the study of Samuel (2009), but similarity indicated that higher value of P
was obtained from canopied for both study.

Cation Exchange Capacity (CEC) is vital processes that affect soil fertility. In this result, even though the
value of CEC was statistical not significant, it agrees with study of Samuel (2009), where higher CEC
was found open area of Acacia mellifera and lower CEC to be found open area Acacia derpanolobium
than under canopy and root zones. Nitrogen is one of the most important for growth and physiological
process of plants. The total nitrogen in root zones of Acacia derpanolobium and Acacia refencies was
higher than open zones. The values of total nitrogen obtained for all acacia species were similar to the
reports of Kamara and Haque, 1987 as cited in Ayana, 1999, but lower than the report of Samuel, 20009.
This may be due to the difference in land use types where soil sample were collected.
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Table 3. Soil P, CEC K, %O0C, P, %N, Ca and Mg across the different zones of three acacia species in the respective to depth ranges

Depth (¢cm) under Acacia derpanolobium

Depth (¢cm) under Acacia refencies

Depth (¢cm) under Acacia mellifera

Parameter/zones 0-15 15-30 0-15 15-30 0-15 15-30

PH Mean Mean Mean
Root zone 5.97+0.14a 6.01+0.14a 5.99+0.1x 7.18+0.12b 7.59+0.12b  7.4+0.08z  5.94+0.58a 6.2+0.58a 6.1£0.4y
Canopy zone 5.97+0.14a 5.9+0.14a 5.95+0.1x 7.76+0.12a 8.14+0.12a  8.0+0.08x  6.65+0.58a 7.2+0.58a 6.9+0.4x
Open zone 5.840.14a 5.75+0.14a 5.78+0.1x 7.47+0.12ab  7.83+£0.12ab  7.74£0.08y  6.72+0.58a 6.7+0.58a 6.7+0.4x
Mean 5.9+0.8 5.9+0.8 7.5+0.07 7.9+0.07 6.4+0.4 6.7+0.4

CEC (cmol/Kg)

Root zone 10.59+1.2a 10.13+1.21a 10.4+0.85x  32.05+3.98a  38.7£3.98a  35.4+2.8x  48.23+17.49a  53.93+17.49a 51.1+12.4x
Canopy zone 9.93+1.21a 8.5+1.21a 9.24+0.85x 40.1843.98a  36.5+3.98a  38.4+2.8x  50.34+17.49a  40.25+17.49a 45.3+12.4x
Open zone 9.06+1.21a 10.64+1.21a 9.9+0.85x 31.5343.98a  37.8£3.98a  34.7£2.8x  49.56+17.49a  54.48+17.49a 52.1+0.1x
Mean 9.9+0.7 9.8+0.7 34.6+£2.3 37.7+2.3 49.4+10.1 49.6+10.1

K (Meq.K/100g)

Root zone 1.08+0.21a 0.98+0.21a 1.0+0.15x 2.25+0.29a 2.1140.29a  2.240.2x 1.1240.17a 1.10+0.17a 1.1+0.1x
Canopy zone 1.03+£0.21a 0.79+0.21a 0.91+0.15x  2.43+0.29a 1.50+0.29a  2.0+0.2x 1.08+0.17ab 0.51+0.17a 0.7£0.1y
Open zone 0.98+0.21a 1.08+0.21a 1.0£0.15x 2.11+0.29a 1.36+0.29a  1.7+0.2x 0.5+0.167b 0.46+0.17a 0.5+0.1y
Mean 1.0+0.1 1.0+0.1 2.3+0.2 1.7+0.2 0.8+0.1 0.7£0.1

% OC

Root zone 1.61£0.13b 1.08+0.13a 1.3£0.9x 1.96+0.12a 1.56+0.12a  1.8+£0.09x  2.28+0.23a 2.17+0.23a 2.2+0.2x
Canopy zone 1.17+0.13a 0.83+0.13a 1.0£0.9y 1.40+0.12b 1.1240.12b  1.3#0.09y  2.38+0.23a 1.56+0.23ab 2.0+0.2xy
Open zone 1.17+0.13a 1.08+0.13a 1.1+0.9xy 1.30+0.12b 0.99+0.12b  1.1£0.09y  1.57+0.23b 1.32+ 0.23b 1.5+£0.2y
Mean 1.3+0.08 1.0+0.08 1.6+0.07 1.2+0.07 2.1+0.1 1.7+0.1

Y means with different letters superscripts within column within same parameter is significantly different (p<0.05);
“b means with different letters superscripts within row within same parameter is significantly different (p<0.05);
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Depth (cm) under Acacia Depth (cm) under Acacia refencies Depth (cm) under Acacia Mellifera
derpanolobium

Parameter/zones  0-15 15-30 0-15 15-30 0-15 15-30

Ppmp Mean Mean Mean

Root zone 10.0£1.43a  6.07+1.43a  8.0+1.0x 7.27+1.03a  8.67+1.03a 8.0+0.7x 8.73+1.04a  6.53%1.04a 7.6+0.7x

Canopy zone 6.33+1.43a  4.73£1.43a  5.5+1.0xy 7.73£1.03a  4.73+1.03b 6.2+0.7xy  6.40+1.04ab 3.47+1.04a 4.9+0.7y

Open zone 5.6+1.43a 3.6+1.43a 4.6+1.0y 5.80+1.03a  4.0+1.03b 4.9+0.7y 3.93+1.04b  3.67+1.04a 3.8+0.7y

Mean 7.3+0.8 4.8+0.8 6.9+0.6 5.8+0.6 6.4+0.6 4.6+£0.6

%N

Root zone 0.14+0.01a  0.09+0.01a  0.12+0.01x  0.18+0.01a  0.14+0.01a 0.2+0.01x  0.16+0.03a  0.20+0.03a 0.18+0.02x

Canopy zone 0.09+0.001b  0.06+£0.01a  0.08+0.0ly  0.11+0.01b  0.07+0.01b 0.09+0.01y  0.19+0.03a  0.13+0.03a 0.16+0.02x

Open zone 0.08+0.01b  0.07+0.01a  0.07+0.01y ~ 0.11£0.01b  0.08+0.01b 0.09+0.01y  0.16+0.03a  0.12+0.03a 0.14+0.02x

Mean 0.1£0.004 0.07+0.004 0.13+0.008  0.098+0.008 0.17+0.02 0.15+0.02

Meq.Ca/100g

Root zone 8.99+1.45a  7.03+1.45a  8.0+1.0x 29.8243.48a 30.34+£3.48b  30.14£2.5y  34.75+14.31 33.82+14.31 34.3£10.1x
a a

Canopy zone 6.98+1.45a  8.03£1.45a  7.5+1.0x 34.70+3.48a 41.77+£3.48a  38.242.5x  36.46+14.31 34.40+14.31 35.4+10.1x
a a

Open zone 9.76+1.45a  7.22+1.45a  8.5+1.0x 27.48+3.48a 32.49+£3.48ab 30.0+2.5y  35.82+14.31 34.98+14.31 35.4£10.1x
a a

Mean 8.6+0.8 7.4+0.8 30.7+2.0 34.94+2.0 35.7+8.3 34.4+8.3

Meq.Mg/100g

Root zone 2.45+0.16a  2.34+0.16a  2.4+0.1x 5.1540.55a  5.13+0.55a 5.1+0.4x 7.314£3.41a 9.69+3.41a 8.542.5x

Canopy zone 2.22+0.16a  2.59+0.16a  2.440.1x 3.99+0.55a  5.78+0.55a 4.9+0.4x 7.7943.41a  7.53+£3.41a 7.7£2.5x

Open zone 2.32+0.16a  2.454+0.16a  2.440.1x 4.54+0.55a  4.66+0.55a 4.6+0.4x 8.89+3.41a  9.95+3.4la 9.4+2.5x

Mean 2.3+0.09 2.5+0.09 4.6+0.3 5.240.3 8.0+£2.0 9.1£2.0

75

Y means with different letters superscripts within column within same parameter is significantly different (p<0.05);
“b means with different letters superscripts within row within same parameter is significantly different (p<0.05);
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Soil texture for the three acacia species

All plants types have different adaptation and preferences to different soil types. For the three acacia
species there were no significant difference (P>0.05) in soil texture (% silt, % clay and % sand) among
the three zones, but higher % clay observed only for Acacia derpanolopium and Acacia refencies for soil
layer of 15-30cm. Sandy soil was the predominant in all three acacia species, where it ranges from 43% to
65%. This report was in line with the study of Samuel (2009) and Abule (2003). Generally, there were no
differences among root, canopied and open zones of all study acacia species in soil textures. However, the
differences in soil texture among the acacia species were indicated that each bush tree plants have their
own specific site to grow. Hence, the more the sandy percentages in study area favor the bush trees,
where this was ascribed by study of Troch and Thomson (1993).
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Table 4. Soil texture across the different zones of three acacia species with the respective depth ranges

Depth (cm) under Acacia Depth (cm) under Acacia refencies Depth (cm) under Acacia mellifera
derpanolobium

Parameter/zones 0-15 15-30 0-15 15-30 0-15 15-30

% Silt Mean Mean Mean

Root zone 16.0+1.88a  15.0+1.88a 15.5£1.3x 15.0£1.47a 13.3+1.47a  14.2+1.0x 16.3£2.59a  15.0+£2.59a 16.5+£1.8x

Canopy zone 19.2+1.88a 11.7+1.88a 15.4£1.3x 16.7+1.47a 16.7+1.47a  16.7£1.0x  17.54£2.59a  15.4£2.59a 16.5+£1.8x

Open zone 13.8+1.88a  12.5+1.88a 13.1+1.3x 18.3+1.47a 13.8+1.47a 16.1£1.0x 17.842.59a  14.8+£2.59a 16.3+1.8x

Mean 16.3+1.1 13.1£1.1 16.7+0.8 14.6+0.8 17.2£1.5 15.1+1.5

% Clay

Root zone 17.9£0.85a  20.4£0.85b  19.2+0.6y  37.50£2.16a 42.5+2.16a 40.0+1.5a 35.4+10.68 35.0+£10.68a 35.2+7.6x
a

Canopy zone 17.1£0.85a  23.3+0.85a  20.2+0.6xy 38.75+2.16a 45.0+2.16a 41.9£1.5a 34.6+10.68 30.8+10.68a 32.7+7.6x
a

Open zone 18.840.85a  25.0£0.85a  21.9+0.6x  3291+2.16a 42.942.16a 37.9+1.5a 32.5£10.68 33.8+10.68a 33.1+£7.6x
a

Mean 17.9+0.5 22.9+0.5 36.4+1.2 43.5+1.2 34.246.2 33.2+6.2

% Sand

Root zone 66.3£6.3ab  62.9£6.31a  64.6+4.5x  47.542.53a  44.242.53a 45.8+1.8x 48.3+12.74 50.0+12.74a 49.2+9.0x
a

Canopy zone 47.1£6.31b  65.0£6.31a  56.0+4.5x  44.6+£2.53a  41.7+£2.53a 43.1£1.8x 47.9+12.74 53.8+£12.74a 50.8+9.0x
a

Open zone 67.5+6.31a  62.5£6.31a  65.0+4.5x  48.842.53a  46.3+2.53a 47.5£1.8x 48.8£12.74 47.1x12.74a 47.9+£9.0x
a

Mean 60.3+£3.6 63.5+3.6 46.9+1.5 44.0+1.5 48.3+7.4 50.3+7.4

Y means with different letters superscripts within column within same parameter is significantly different (p<0.05);
“b means with different letters superscripts within row within same parameter is significantly different (p<0.05)
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Conclusion and Recommendation

The result showed variations in zones (root, canopy and open zone) with respect to each acacia
species. With respect to each acacia species; dry matter yield, species composition and basal
cover were highest at open zone. While, there were no difference in soil texture among the three
zones for the three acacia species. Similarly, the chemical soil properties were not differed among
layers of soil, zones and their interactions for each acacia species. However, the highest
percentage of organic carbon and nitrogen were observed under root zone of Acacia
derpanolopium and Acacia refencies. Hence, all acacia species have negative effect on above
biomass where as positive effect on soil nutrient status. Generally, the appearance of the invasive
acacia species can have a great effect on herbaceous compositions mainly grasses. It result in
reduction of the grass production. They are also thorny or thicket-forming so that grass
production under their canopy is inaccessible to livestock. Hence, minimizing the density by
thinning of each acacia species have positive effect to increase productivity the rangeland,
improve fertility of the soil as well and hence, sustain the health of rangeland management.
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Abstract

This study was conducted in Yabelo district of Borana zone, southern Ethiopia with the objective
to identify the best performed forage accessions to the semi-arid environments of Borana zone.
The forage legumes evaluated includes accessions of Cajanus cajan, Lablab purpureus and
Medicago sativa. A Randomized Complete Block Design (RCBD) with three replications was
used. Days to 10% flowering was significantly different (P<0.01) among Cajanus cajan
accessions collected from the three locations. Cajanus cajan accessions collected from Werer
were an early flowering and maturing plant as compared to the accessions collected from
Adamitulu and Bako sites. Plant basal cover was significantly different (P<0.05) for all
accessions of Medicago sativa. Among the forages tested, Cajanus cajan accessions collected
from Werer and Adamitulu, Magna 788 and Magna 80/FG of Medicago sativa and Lablab
purpureus 11614 accessions have greater performances in terms of their high forage dry biomass
yield and better agronomic parameters. The selected best performed forage accessions will have
to be demonstrated to the end users.

Key words: Forages, Cajanus Cajan, Medicago sativa, Lablab purpureus, accessions

Introduction

The livelihood of the community of Borana zone mainly depends on the production of livestock
as source of food, income, prestige and security in times of hardship. Although natural pastures
have been the main livestock feed sources in the zone, grazing lands are gradually being
shrinking due to the expansion of crop land. Concentration of livestock on the shrinking grazing
lands caused overstocking leading to soil degradation, which in turn has resulted in a decline of
year round livestock feed supply specially during dry season. Thus, there is loss of livestock
condition in the dry season, which is greater in the smallholder farmers than on commercial
ranches mainly because of inadequate grazing and lack of planted forages in smallholder
enterprises. The common solution to scarcity of feed is to use agro-industrial by products such as
concentrates. However, supplies of these feeds are inadequate for the existing livestock
population and feed prices are high as well as rising and hence they are not readily available. For
this reason, renewable sources of feed such as cultivated forages should be enhanced. Forage
legumes could be among the alternative feed resources and more appropriate options to produce
quality feed supplements in the tropics. Karue, (1974) and FAO, (1981) also indicated that
introduction of forage legumes which can be used as supplementary feed in the dry season is
important for sustainable livestock production.

Borana pastoralists have limited opportunity to improve animal feeds through cultivation of
forage crops due to lack of long lasting enough precipitation. Even though some efforts have
made to introduce some high yielding forage species into Borana rangeland (Mgono-Bake, 1986;
Yohannes, 1989; Hodgson, 1990), the available adapted and productive forage varieties were
very limited. Therefore, introduction and adaptation of some un-addressed forages to the semi-
arid environments of Borana should become a major focus. Moreover, there is lack of information
on the adaptability of improved forage legumes including: Cajanus Cajan, Lablab purpureus and
Medicago sativa. Therefore, this study was conducted to introduce and evaluate the performances
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of different forages legumes under the semi-arid environments of Borana zone and to identify the
most promising accessions for the agro ecology of the study area.

Materials and Methods

Description of the study area

The study was conducted in Yabelo district of Borana zone. Yabelo, the capital of Borana zone, is
situated at a distance of about 565km to the south of Addis Ababa. Borana rangelands are located
at 4-6°N and 36-42E sloping gently from 1600masl in the North East to about 1000 m.a.s.l. in the
extreme south that borders Northern Kenya and about 1780 masl in the central vicinity. Borana
rangelands are occupied almost entirely by pastoral populations and resource use on the Borana
rangelands is largely communal, though with crop cultivation and private enclosures that appear
to be increasing in recent decades. Rainfall delivery is bimodal with the long rainy season
accounting for 60% of the total rainfall occurs between March and May and the short rainy
season comprising of 27% of the total rainfall occurs between September and November. Spatial
and temporal variability in both the quantity and distribution of rainfall renders the area semi-
arid, with an average annual rainfall varying from 353 to about 900mm per annum (McCarthy et
al., 2002). The average temperatures vary from an annual minimum of 13.1% to an annual
maximum of 25.2°%.

Acquisition of forages and site selection

Seeds of forage legumes including Cajanus cajan, Lablab purpureus and Medicago sativa, were
collected from Adami Tulu agricultural research center (ATARC), Bako agricultural research
center (BARC) and Werer agriculture research center (WARC) based on the recorded suitability
for the semi-arid environments with medium (300-900mm) annual rainfall.

Land preparation and plant management

A fine seedbed was prepared by ploughing and harrowing. RCBD with three replications was
employed for all forages species. Seeding of all plots was carried out as already recommended in
the main rainy season on cultivated seedbeds. Sowing was done in four rows per plot and seeds
were hand-seeded and drilled in a continuous flow in the rows. Weeding was performed manually
and pest and disease incidences were monitored and recorded accordingly.

Data collection

Forage samples were taken from the two central rows per plot. During the fourth week after
seeding, emerged seedlings were counted from rows per plots to assess germination percentages
for herbaceous legumes. Percent plant soil cover was estimated from Imxlm quadrant frame.
Herbage yield was harvested at 10% flowering when maximum growth in most entries was
reached. The harvest was taken from the middle two rows of each plot at 10cm height above the
ground. Plant heights were measured on the harvest date as the distance between the soil surface
and the highest point of every plant. Weeding was performed once after full plant establishment
was attained. In order to achieve optimum natural infestation, no pesticides or control measures
were applied on the crop throughout the experimental period.

Data analysis

Data on seed yield, forage biomass yield, percent plant soil cover, germination percentage and
dry matter content of the plant were subjected to statistical analysis using the general linear model
(GLM) of the Statistical Analytical System (SAS, 1994) in order to determine attribute
differences between different accessions of the same species.
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Results and Discussions

Yield and agronomic performance of Cajanus cajan accessions

Plant establishment for all accessions of Cajanus cajan collected from the three locations were
excellent with green leaves. Cajanus cajan accessions collected from Adami Tulu and Werer
experienced low degree of leaf damage due to pest infestation. However, leaf damage ranging
from no leaf infestation to low degree of leaf infestation was noticed on accession collected from
Bako. Low degree of pod damage due to pest infestation was also experienced in all accessions of
Cajanus cajan. This agrees with the previous study by Minja et al. (1999) who reported that
Cajanus cajan is susceptible to a wide range of insect pests that attack the crop at both the
vegetative and reproductive stages. Among the pests, the pod borer is regarded as a major threat
to pigeon pea because of its destructiveness and extensive host range while pod sucking bugs and
thrips can cause up to 78% (Dialoke et al., 2010) and 47% (Rotimi and Iloba, 2008) yield loss
respectively.

Agronomic and yield parameters of Cajanus Cajan accessions collected from different locations
were depicted in table 1. Days to 10% flowering significantly ranged (P<0.001) from 70 days for
Cajanus cajan collected from Werer and 146 days for both Cajnus cajan collected from Adami
Tulu and Bako. Therefore, Cajanus cajan collected from Werer is an early maturing and high
yielding among the tested accessions. Number of branches per plant ranged from 11 for Cajnus
cajan collected from Bako to 16 for Cajanus cajan from Werer. Cajanus Cajan accessions
collected from Werer branched heavily and produced large amounts of plant material per hectare.
For forage dry biomass yield, the values varied from 1.73 t ha™ for Cajnus Cajan collected from
Bako to 2.4 tha™ for Cajanus Cajan collected from Werer. Hence, Number of branches per plant
is directly related to dry forage biomass which is in line with the works of Sauter et al. (1995).
The average plant height for Cajnus Cajan collected from Adami Tulu, Bako and Werer were
107.17, 114.5 and 121.17cm respectively. The result showed that Cajnus Cajan collected from
Adami Tulu is the shortest while that of Werer is the tallest Cajanus Cajan accessions. Seed yield
was the highest for accessions collected from Werer though the difference was non-significant
(P>0.05).

Correlation coefficient between parameters of Cajanus cajans

Pearson correlation coefficient for the Cajanus cajans parameters was depicted in table 2. Forage
dry matter yield was highly correlated with fresh biomass yield (*=0.89, P<0.01). Number of
branches per plant and forage dry biomass yield were moderately correlated (+* = 0.44, P> 0.05).

Tablel: Mean value of agronomic and yield performance of Cajanus cajan accessions
collected from different ecotypes (areas)

Parameters Treatments (Accessions) P-value +SE  of
Adami Tulu  Bako Werer mean
Days to 10% flowering 146 146° 70° 0.0001  0.00
Number of branches 15 11.33 16 0.60 4.59
Fresh biomass(ton/ha) 5.54 4.05 8.75 0.13 1778.56
Dry biomass (ton/ha) 2.23 1.73 2.4 0.45 503.77
Average height (cm) 107.17 114.5 121.17 0.53 11.49
Seed yield (kg/ha) 624 563.3 717 0.81 282.18

“% Means in the same row with different superscripts differ (P<0.05)
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Table 2: Pearson correlation coefficient for parameters of Cajanus cajan

Dtf nbrnc Fresh Dry avht syld
dtf 1.00
nbrnc  -0.29* 1.00
fresh  -0.69%* 0.52%* 1.00
dry -0.32% 0.44* 0.89*** 1.00
avht -0.39* -0.25% 0.31%* 0.07*  1.00
syld -0.89***  (0.49* 0.78** 0.55%  0.06* 1.00
dtf= days to 10% flowering; nbrnc=number of branches per plant; fresh= firesh biomass yield;
dry=dry biomass yield; minht=minimum plant height; maxht=maximum plant height; *= non-
significant at 0.05 significance level; **=significant at 0.05 level of significance; ***=
significant at 0.01 level of significance.

Yield and agronomic performance of Medicago sativa accessions

Yield and agronomic performance for four Medicago sativa accessions were presented in table 3.
There were no statistically significant (P>0.05) differences observed for different agronomic and
yields parameters among the four Medicago sativa accessions except for plant basal cover. Plant
basal cover significantly (P<0.05) ranged from 25% for FG-9-09 accessions to 48.33% for
Magna788 accessions. Days to 10% flowering was similar (82 days from seeding) for all alfalfa
accessions however forage dry biomass was highest for Magna788 (3.35 t ha™') and lowest for
FG-10-09 (2.67 t ha). Seed yield for all Medicago sativa accessions were not collected as the
precipitation during the first year trial was not enough for seed setting.

Table 3: Mean value of agronomic and yield parameters of Medicago sativa accessions

Parameters Treatments (accessions) P-value <+SE
FG-10-09 Magna80/FG Magna788 FG-9-09

Days to 10% flowering 82 82 82 82 0.00 0.00

Plant basal cover 31.67° 30° 48.33" 25 0.045  6.63

Fresh biomass(ton/ha) 11.57 14.03 15.43 12.96 0.29 1836.07

Dry biomass (ton/ha) 2.67 2.98 3.35 2.77 0.46 429.05

“Y Means in the same row with different superscripts differ (P<0.05)

Correlation coefficient between parameters of Medicago sativa

Pearson correlation coefficient for Medicago sativa parameters was depicted in table 4. Forage
dry matter yield of Medicago sativa was highly correlated with its forage fresh biomass yield
(P<0.01, r’=0.95). On the other hand, forage basal cover and dry biomass yield were positively
correlated.

Table 4:Pearson correlation coefficient for the parameters of Medicago sativa accessions

Basal cover  Fresh Dry
Basal cover  1.00
Fresh 0.02* 1.00
Dry 0.12% 0.95%*%* 1.00
Fresh= fresh biomass yield; Dry= dry biomass yield; *= non-significant at 0.05 significance
level; **=significant at 0.05 level of significance; ***= significant at 0.01 level of significance.
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Yield and agronomic performance of Lablab purpureus accessions

Mean value of agronomic and yield parameters of Lablab purpureus are shown in table 3. All the
tested parameters were not significantly varied (P>0.05) among the accessions. It takes 56 days
for all accessions to reached 10% flowering at harvest. Herbage dry matter yield ranged from
4.11 tha' to 5.29 t ha™ for the tested accessions. Average plant height ranged from 71.67cm for
147 accessions to 76.33cm for 11614 accessions. Seed yield ranged from 0.5 kg ha™ for 11640
accessions to 0.74 kg ha™' for 11614 accessions showing that accession11614 is excellent in both
forage and seed yield as compared with the other accession tested under the semi-arid
environments of Borana zone.

Table3: Mean value of agronomic and yield parameters of Lablab purpureus accessions

Parameters Treatments (accessions) P-value +SE
11614 147 11640
Days to 10% flowering 56 56 56 0.0 0.00
Plant basal cover 41.67 80 51.67 0.19 17.69
Fresh biomass(ton/ha) 27.19 24.21 22.11 0.72 6.07
Dry biomass (ton/ha) 5.29 4.21 4.11 0.63 1.28
Average height (cm) 76.33 71.67 72 0.88 10.6
Emergency (%) 26.67 68.33 33.33 0.14 17.13
Seed yield (kg/ha) 0.74 0.54 0.5 0.72 0.29

Means in the same row with different letter superscripts differ (P<0.05)

Correlation coefficient between parameters of Lablab purpureus

Pearson’s correlation coefficient for Lablab purpureus parameters are shown in table 4. Basal
cover was highly and positively correlated with plant emergency (r’=0.86, P<0.01). Similarly,
plant fresh biomass yield was highly correlated with its corresponding forage dry matter yield
(*=0.94, P<0.01). Furthermore, seed yield was highly and positively correlated with both plant
fresh (1*=0.95, P<0.01) and dry (*=0.95, P<0.01) biomass yields.

Table 4: Pearson correlation coefficient for parameters of Lablab purpureus.

BC Emergency  Avht Fresh Dry Syld
BC 1.00
Emergency 0.86*** 1.00
Avht -0.42% -0.46* 1.00
Fresh 0.01%* -0.31* 0.03* 1.00
Dry -0.07* -0.41* 0.21% 0.94%** 1.00
Syld -0.18%* -0.52% 0.26* 0.95%** 0.95%** 1.00

BC= Basal cover; fresh= fresh biomass yield; dry= dry biomass yield; minht=minimum plant
height; maxht=maximum plant height; Syld= Seed yield; *= non-significant at 0.05
significance level; **=significant at 0.05 level of significance; ***= significant at 0.01 level of
significance.

Conclusions and Recommendations

The performances of forage legumes accessions; Cajanus cajan, Lablab purpureus and Medicago
sativa were tested under Borana semi-arid conditions. Among the tested forage legumes; Cajanus
Cajan accessions collected from Werer and Adami Tulu, Magna 788 and Magna 80/FG from
Medicago sativa and Lablab purpureus 11614 accessions have greater performances in terms of
their high forage dry biomass yield and better agronomic parameters. Moreover, these accessions
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consistently produced more leaf and were tolerant to moisture stress, which suggests they have a
potential as forage protein supplements under semi-arid conditions. Further evaluation is
important in investigating the multipurpose potential of Cajanus cajan so that the advantages
obtained from this crop will be maximized by the end users. The selected best performed forage
accessions will also have to be demonstrated to the end users.
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Abstract

The trial was conducted at AdamiTulu Agricultural Research Center (ATARC) on- station site
with the objective to evaluate different forage grasses and legumes for their agronomic and yield
performances. The tested forages include perennial grasses, alfalfa, cowpea and lablab varieties/
accessions. The forages were evaluated in Randomized Complete Block Design (RCBD) with
four replications. The highest dry matter (DM) from the perennial grasses was recorded by
Chloris gayana (4.1 t/ha) followed by Cenchrus cillaris (3.7t/ha). Chloris gayana also resulted in
higher seed yield (SY) (118kg/ha) as compared to the other grasses. Alfalfa Magana FG10-09
have resulted in the highest DM yield (3.17t/ha). As compared to the check, Magana FG10-09
produced 76.1% DM yield increment. There were a significant difference (P<0.05) in DM and
SY among the evaluated cowpea accessions. The maximum DM yield was recorded for the
genotype cowpea IVU 11424 (8.3t/ha); while the maximum SY (25.8kg/ha) was obtained from
cowpea 82D 504-4 accession. There was also a significant differences among the lablab
accessions in DM and SY with the highest DM yield (3.94 t/ha) was recorded for lablab purpurus
CV archer while the maximum value of SY (17.3 kg/ha) was recorded for Lablab purpurus
11609. The SY value of the grasses and legumes were very low mainly due to moisture stress at
the flowering and seed setting phases. The best performed forages; Chloris gayana, Alfalfa
Magana FG10-09, cowpea IVU 11424 and cowpea 82D 504-4, Lablab purpurus cv archer and
Lablab purpurus 11609 have to be further evaluated at on-farm conditions and demonstrate to the
end users.

Key words: Improved forage, herbaceous legumes, Perennial grasses, Alfalfa, Cowpea

Introduction

Mixed crop and livestock production system is the main agricultural activities in the West Arsi
and East Shoa zone of mid rift valley of Oromia. The zones have a great potential for livestock
production. In spite of its potential, the production and productivity of livestock is very low
mainly due to the shortage of feed resources. The major livestock feed resources, natural pasture
and crop residues are low in quantity and quality. Moreover, natural pasture is overgrazed and
continuously shrinking due to expansion of arable land. The crude protein (CP) level of the
natural pasture is insufficient to satisfy the minimum requirements of the animals (Bilatu et al.
2013; and Solomon et al. 2008). Saleem and Tedla (1995) also reiterated that herbage from
natural pasture are usually inadequate quantitatively and qualitatively to support reasonable
livestock production. The existing crop residues have also low in feeding value to satisfy the
nutrient requirement of the animals. On the other hands, the smallholder farmers in particular
cannot afford to purchase concentrate to correct the nutritional problem of the crop residues.

The use of cultivated forage crops has received considerable attention for complementing the
conventional feed resources. Cultivated forage crops have high yielder and better quality as
compared to the natural pasture. Moreover forage legumes have high protein sources that will
enhance the activity of rumen microorganisms, increase intake and digestibility when
supplemented for animals consuming poor quality forages. Moreover, they can contribute to soil
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fertility maintenance and improvement (Mosi and Butterworth, 1985; Smith et al, 1989).
Currently, development of cultivated forage varieties for the respective farming systems and agro
ecologies has been given due attention to alleviate the feed shortage problems. Hence, this study
was also aimed to evaluate different forage grasses and legume species for their agronomic and
yield performances in the mid rift valley of Oromia.

Materials and Methods

The activity was conducted at ATARC on-station site. The forage accessions/varieties were
collected from different research centers, International Livestock Research Institute (ILRI) and
from abroad. The tested forages include perennial grasses, alfalfa, cowpea and lablab
accessions/varieties. The forages were evaluated in RCBD with four replications. The plot size
for each treatments were 4m*4m. The seed bed was well prepared and the forages were planted in
rows with their recommended seed rate (15kg/ha for perennial grasses and alfalfa, 30kg/ha for
cow pea and lablab). All necessary data including plant height, dry matter and seed yield were
collected and entered to computer to analyze for different parameters. The collected data were
subjected to statistical analysis using the general linear model (GLM) of the statistical analysis
system (SAS, 2000). Mean differences were separated by using LSD procedures at 5% of
significant level.

Result and Discussions

Performances of perennial grasses

Mean yield and agronomic performance of the tested perennial forage grasses are indicated in the
table 1. The highest DM yield (4.1 t/ha) was recorded for Chloris gayana cv Massaba followed
by Cenchrus cillaris (3.7t/ha); while the least DM yield (2.5t/ha) was recorded for Panicum
coloratum cv Bambatsi. Moreover, Chloris gayana produced the highest plant height (PH) and
number of leafs per plant which is the main contributors for dry matter yield. The DM yield
recorded for the tested perennial grasses were very low as compared to the other findings (Diriba
et al, 2004). The main reason for DM yield reduction could be the insufficient moisture
availability during the trial period. Chloris gayana also resulted in higher SY as compared to the
other evaluated varieties. However, the SY of the grasses were also highly reduced mainly due to
moisture stress during the flowering and seed setting phases.

Table 1. Mean yield and agronomic performance of perennial forage grasses tested at

ATARC

Perennial grasses PH (cm) NLPP DM (t/ha) SY (kg/ha) CP(%)
Chloris gayana cv Massaba 45 65 4.1 118 11.2
Pamcum. coloratum Y 46 33 25 08 104
bambatsi

Cenchrus cillaris 40 51 3.7 87 10.1
Mean 43.66 49.56 3.44 100.8 10.56
'PH= plant height; NLPP= No of leaf per plant; DM= Dry matter yield; SY = Seed yield; CP=
crude protein

Performances of alfalfa accessions

Six varieties of alfalfa accessions were evaluated at ATARC on-station. The analysis showed that
the PH and DM yield were significantly (P<0.05) different among the accessions evaluated
(Table 2). Alfalfa Magana FG10-09 was resulted in the highest PH and DM yield (3.17t/ha).
While the least DM yield (1.8t/ha) was recorded for Medicago Sativa cv hunter river -check. As
compared to the check (Medicago Sativa cv hunter river) accessions Magana FG10-09 produced
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76.1% DM yield increment. The agronomic and yield data obtained were lower for these
accessions as compared to the yield recorded by Diriba et al., (2014) where the highest DM yield
(4.77t/ha) was recorded for Alfalfa FG9-09. The yield variations observed could be due to the
different in agro-climatic conditions (soil, moisture). Differences in trial management could also
have its own effect on the agronomic and yield performances of the accessions. However, the CP
contents found in all the evaluated alfalfa accessions were higher in this study as compared to the
value recorded by Diriba et al. (2014). This is probably due to the nutrient contents of the soil,
forage sampling stage and other technical differences in lab analysis.

Table 2. Mean yield and agronomic performance of alfalfa accessions tested at ATARC

Alfalfa accessions PH (cm) NLPP DMY (t/ha) CP(%)
Medicago Sativa cv hunter river -(Check) 27.9° 142.9 1.8° 21.4
Alfalfa Magana FG10-09 35.25° 188.3 3.17° 21.6
Alfalfa Italy 24.16° 137.0 1.83° 20.27
Alfalfa Magana FG-801 28.58 127.4 1.97° 21.5
Alfalfa Magana FG788 29.66 *° 169.8 2.25° 20.8
Alfalfa Magana FG-9-09 27.33 135.9 2.29° 225
Mean 28.8 150.3 222

LSD (5%) 6.74 NS 0.66

CV (%) 15.76 24.7 20.1

'PH= plant height; NLPP= No of leaf per plant; DM= Dry matter; CP= crude protein
LSD=Least significant difference. CV=Coefficient of variation; *Figure having the same letters
with in column are not significantly (P>0.05) differ, while values followed by different letter (s)
are significantly (p<0.05) differ

Performances of cowpea accessions

Four accessions of cowpea were also tested for their agronomic and yield performances. The
analysis indicated that there were a significant difference (P<0.05) in DM and SY among the
evaluated cowpea accessions (Table 3). However, the result showed that there were no significant
(P>0.05) difference among the PH and number of leaf per plants. The maximum DM yield was
recorded for the accession cowpea IVU 11424 (8.3t/ha); while the least DM yield (2.3t/ha) was
recorded for the accession cowpea 85F 2687. The DM yield value obtained was higher as
compared to the DM yield (6.09 t/ha) recorded by Hasan et al.(2010). The yield variations
observed could be due to the different in agro-climatic conditions (soil, moisture) and differences
in trial management. With regard to SY the maximum yield (25.8kg/ha) was obtained from
cowpea 82D 504-4 accessions. Very low SY could be mainly due to moisture stress. The CP
values recorded is comparable to the result obtained by Hasan et al. (2010) where the CP values
ranges from 18.78 to 20.22%.
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Table 3. Mean yield and agronomic performance of cowpea accessions tested at ATARC

Cowpea accessions PH (cm) NLPP DMY (t/ha) SY (kg/ha) CP(%)
Cowpea IVU 11424 39.8 78.6 8.3" 17.1° 18.2
Cowpea 82D 504-4 45.8 84.1 5.7% 28.5° 20.1
Cowpea 82D 889 42.0 77.5 5.1° 13.3° 17.8
Cowpea 85F 2687 42.4 93. 2.3¢ 10.7° 19.0
Mean 2.5 83.4 53 17.4 18.77
LSD (5%) NS NS 2.72 9.3

CV (%) 323 28.2 32.8 33.7

'PH= plant height; NLPP= No of leaf per plant; DMY= Dry matter yield; SY = Seed yield; CP=
crude protein LSD=Least significant difference. CV=Coefficient of variation; *Figure having
the same letters with in column are not significantly (P>0.05) differ, while values followed by
different letter (s) are significantly (p<0.05) differ

Performances of lablab accessions

The analysis showed that there was a significant differences (p<0.05) in DM and SY among the
tested lablab accessions (Table 4). However, there no significant differences (p>0.05) in
accessions with regards to PH and number leafs per plant. The highest DM yield was recorded for
Lablab purpurus cv archer which gives a yield of 3.94 t/ha while the least DM yield (1.75 t/ha)
was recorded by Lablab purpurus 147. The maximum value of seed yield (17.3 kg/ha) was
recorded for Lablab purpurus 11609 followed by Lablab purpurus cv archer. The low SY mainly
attributed to the shortage of moisture during the flowering and seed setting phases. Lablab also
has prolonged flowering and this has effect on seed setting and maturity. Severe moisture deficit
during flowering is known to reduce SY of many forage species (Humphreys and Riveros 1996).

Table 4. Mean yield and agronomic performance of lablab accessions tested at ATARC

DMY

Lablab accessions PH (cm) NLPP (t/ha) SY (kg/ha)  CP(%)
Lablab purpurus 11609 27.25 61.5 1.9° 17.3° 14.1
Lablab purpurus cv archer  27.66 67.1 3.94° 13.5° 15.7
Lablab purpurus 147 25.08 49.5 1.75° 3.37° 14.7
Mean 26.6 59.3 2.54 11.4 14.83
LSD (5%) NS NS 2.72 9.3

CV (%) 22.3 25.4 27.1 21.4

'PH= plant height; NLPP= No of leaf per plant; DMY= Dry matter yield; SY = Seed yield; CP=
crude protein LSD=Least significant difference. CV=Coefficient of variation; *Figure having the
same letters with in column are not significantly (P>0.05) differ, while values followed by
different letter (s) are significantly (p<0.05) differ
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Conclusions and Recommendations

Among the evaluated forages; Chloris gayana cv Massaba, Alfalfa Magana FG10-09, cowpea

IVU 11424 and cowpea 82D 504-4, and Lablab purpurus cv archer were performed best in most

important agronomic and yield parameters. However, severe moisture deficit during the trial

period have resulted in poor performance of some forage accessions/varieties. On the other hands,
the study showed that there was yield and agronomic difference among the evaluated accessions.

This variation in their performances will open the room for future varietal development in forage

breeding programs. Further studies are important to collect and evaluate locally available forage

varieties since local varieties are more adaptable to the existing situation. Moreover, it is
important to further evaluate the best performed and selected forage accessions/varieties at on
farm conditions and demonstrate to the end users.
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mid rift valley of east shoa zone

"Admassu Adi, Tura Bareke and Kibebew Wakjira
Holeta Bee Research Center, Oromia Agricultural Research Institute
Email: admassuaddi@gmail.com

Abstract

Availability of adequate perennial and annual sources of nectar and pollen is the most limiting
factor in the survival, abundance and distribution of honeybees. The study was conducted with
objective of evaluating the performance of Echium plantaginium, Becium grandiflorum,
Melilotus alba and Fagophyrum esculentum in mid rift valley regions of East Shoa zone of
Oromia. The species were evaluated based on germination rate, number of flower heads per
plants, foraging intensity of honeybees and duration of flowering under rain fed and irrigation
conditions. Accordingly, E. plantaginium, and Fagophyrum esculentum were highly performed
respectively under both condition. Mean number of flower heads per 1m” were similar under both
condition for B. grandiflorum and M. alba while Echium plantaginium was significantly higher
(P<0.05) and F. esculentum significantly lower. Honeybees foraging intensity and time for
different plant species were significantly different. Even though the plants species used in this
experiment showed better performance under both condition, it requires further evaluation
particularly on agronomic evaluation (seed rate and fertilizer rate) and nectar yield should be
tested. From these investigations, it is concluded that developing better performing plant species
through use of irrigation and rain fed conditions will alleviate the shortage of bee forages and
help in increasing honey production.

Keywords: Bee forage herbs, flowering period, pollen yield and foraging intensity

Introduction

The success of beekeeping primarily depends on availability of potential bee flora (Baptist and
Punchihewa, 1983). Currently the scarcity of bee flora is a major limiting factor in development
.of the beekeeping. Mid rift valley region of Oromia is frequently affected by the recurrent
droughts and deforestation and hence honey bees’ faces serious food shortage during the dry
period. As result the demand for dearth area flora is currently increasing from time to time from
different stakeholders of the lowlands. Hence to respond to the demand, it is necessary to identify
and evaluate bee plants that adapt to the short and erratic rainfall conditions of the area that could
improve the food base of the local honeybees colonies and significantly contribute to honey
production.

There are different species of plants that are identified as major source of honey and tolerant to
semiarid climate of the Ethiopia This includes, Becium grandiflorum (Tebebe) that provides
white honey in northern parts of the country, Melilotus alba, and Fagophyrum esculentum
(buckwheat) are potential sources of golden honey in other parts of the world. Since these bee
forages have good merit, it is essential to evaluate their adaptability and potentialility for honey
production in the mid rift valley of east shoa zone of Oomia. Therefore, the objective of this
study is to evaluate the adaptation and performance of the aforementioned bee forages in semi
arid agro- ecology of east showa zone and identify best performing bee forages that contribute to
the production of honey.
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Materials and methods

Description of study areas

The study was carried-out at Alage TVET College in Adami-Tullu Jido Kombolcha district of
East Shoa zone. The study area is located at an elevation of 2400 m.a.s.1, 09°03.5'N and 038°
30.367°E.

Bee forage plant selection
The bee forage species were selected on the basis of: field observation and information obtained
from beekeeper farmers. In addition to this similarity of their growth habit and ease of
propagation also considerd.

Seed collection

For this study, mature seeds and branch cutting /mother plants / of Becium. Grandiflorum,
Echium plantaginium, Melolitus. Alba and Fagophryum. Esculentum were collected from
comparatively elite plants.. Immediately after collection, seeds were packed and allowed to dry
for one to one and half weeks at room temperature. Then packages were maintained at room
temperature until day of sowing.

Experiment design

To evaluate the performance of the selected plant materials, land was prepared. Seeds were sown
in row on prepared beds at the plot size of 2mx2m with seeding rate of 10 gram/4m’ and the plots
were arranged in randomized block design with three replications. To keep proper spacing and
avoid nutrient competition, spacing was used between the plants and rows of 20 and 30cm,
respectively .After sowing of seeds and the seed bed was covered with a thin layer of the same
soil and the dried grass stalks were used to cover the seed beds for conserving moisture during the
dry season. The grass covers were removed as the seeds germinated and when germinant emerged
to the surface of the soil and the necessary agronomic The planting was done both at rain fed and
irrigation conditions practices. The data collection was made on days to germinate. average
number of flower heads/m” was counted and flower opening time were recorded at 50%
flowering. During the peak flowering the foraging intensity of honeybees on flowers was counted
starting from 6: 00 a.m. to 6: 00 p.m minutes at every 2 hour interval for ten days. Pollen yield
was determined by collecting 50 matured flower heads having similar age and Pollen was shaked
on paper tray after it has been kept for certain days to dry. The pollen weight was taken using
sensitive weighing balance. The flower shedding time were also recorded.
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Data analysis
Finally, the collected data were statistically analyzed using the one-way ANOVA and other
descriptive statistics tools.

Results and discussions

Germination days and time required to set flower

Seed germination under rain fed condition began after 5 days of sowing for F. esculentum. In
contrast, germination began after 13 days of incubation for B. grandiflorum. On the other hand,
Echium. plantaginium and Melolitus alba showed germination days ranging from 9 to 12 days on
average. Under irrigation condition seed germination began after 6 days of incubation for F.
esculentum and Melilotus alba and this was extended to13 days for E. plantaginium Mean time
taken to set flower under rain fed condition for F. esculentum was about 38 days, the shortest of
all plants. On contrary, time taken to set flower was increased to 172 days for B. grandiflorum
For other plant species studied under similar condition, namely E. plantaginium and M. alba
started blooming after 142 and 90 days on average, respectively. Under irrigated condition, mean
time taken to set flower for F. esculentum was about 31 days. While the longest mean days was
(ca 172) to set flower was recorded for B. grandiflorum.

Number for flower head/ m*

Under rain condition the mean number of flower heads per 1m? was significantly higher (P<0.05)
for E. plantaginium and lower for F. esculentum. The number of flower heads produced by E.
plantaginium per 1m*> was 1098 compared to that of F. esculentum which produce only 738,
indicating the difference of 360 flower heads per Im”. However, mean number of flower heads
per 1m’ were rather similar statistically for other studied species though it was smaller for F.
esculentum (Table 1).

Under irrigation condition mean number of flower heads per Im* were statistically similar for M.
alba and B. grandiflorum. However, E. plantaginium and F. esculentum were significantly
different (p<0.05) among all plant species. The number of flower heads produced by E.
plantaginium from 1m” was 990 which were also highest under irrigation condition as compared
to all other plant species. Followed by M. alba, B. grandiflorum and F. esculentum respectively.
F. esculentum was the least which produce only 594, indicating the difference of 396 flower
heads per m* when compared to E. plantaginium (Tablel). A number of flower heads per m” of E.
plantaginium and M. alba produced higher number of flower heads under both condition, due to
their growing habit and crown size indicating more branching produces more flower heads per
plant.

Pollen yield of 50 flower heads

Pollen yield of all species under study were similar (P < 0.05) under both fed. However, under
both fed M. alba was produced the highest pollen yield followed by E. plantaginium, F.
esculentum and B. grandiflorum which was the lowest. Honeybees have a marked preference for
one kind of pollen over the other, which may be equally abundant. Because diets consisting of the
pollen from different plant species may have different nutritional value for the honeybees (Crane,
1990).

Start of blooming to shedding

Under rain fed the mean time taken from the start of blooming to shedding for species under
study was statistically similar (P < 0.05) .However, E. plantaginium took long time which was
ca 54 days while F. esculentum took 39 which is the shortest (Table 1). In other way under rain
condition the mean time taken from the start of blooming to shedding were significantly different
(p<0.05) among each species. Accordingly, E. plantaginium, M. alba and B. grandiflorum took
long days from flower opening until shedding with mean days of 59, 53 and 49 days, respectively
whereas F. esculentum stay for 43 which was the shortest time (Table 1). Moreover, availability
of moisture in the soil also increases the duration of flowering though, it was not supported by
quantified data. Bee forage plants which have long flowering period from blooming to shedding
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are very important for honey production. Interestingly, availability of moisture in the soil
observed to increase the duration of the blooming days though, it was not supported by quantified
data.

Table 1. Mean = SE number of flower head per 1 m?, pollen yield of 50 flower heads ( gm)
and time taken from blooming to shedding (day) of the following plant species under rain
fed and irrigation.

Plant species Mean + SE number of Mean + SE pollen yield Mean + SE time taken
flower head per 1 m” from blooming to
shedding
Rain fed Irrigation Rain fed Irrigation Rain fed Irrigation
E. plantaginium 1098 +£47.6" 990 + 36" 0.4 +0.08" 0.035+0.01* 54 +4.4° 59 +2.6"
F. esculentum 738 +47.6° 594 +112° 0.24 +0.2° 0.018 +0.01* 38.7+2.7°  43+0.3°
M. alba 1026 + 112 720 + 109 0.46 +0.2* 0.058 +0.02* 53 +8 53+1.5%
B. grandiflorum 954+ 78"  630+58"  0.005+0.00° 0+0° 52.7+8.9" 49+12"

Different letters in the rows shows significant differences.

Seed yield
Under both rain fed and irrigation M. alba produced higher seed yield followed by E.
plantaginium and F. esculentum, respectively. While B. grandiflorum the lowest of all (Table 2 ).

Table 2. average seed yield of in quintal/ha under rain fed and irrigation.

Plant species Average seed yield in qu/ha

Rain fed Irrigation
E. plantaginium 1.6 3.1
F. esculentum 0.5 1.5
M. alba 5.7 6.6
B. grandiflorum 0.125 0.0

Foraging intensity of bees

The number of bee visit within ten minutes per 1m” under rain condition, E. plantaginium was
highly visited by bees followed by B. grandiflorum, M. Alba and F. esculentum, respectively.
Whereas B. grandiflorum was highly visited followed by E. plantaginium, M. alba and F.
esculentum, respectively under irrigation condition (Figure 1 and 2). The variation of number of
bees count is associated with different factors such as attractiveness of the flower, number of
flower heads per plants ,nectar and pollen yield of plants and weather condition of the area.
(Debissa Lamessa et al., 2005). This is also in agreement with Crane (1990) the intensity of bee
visit is measure of potentiality of plants for nectar and pollen production.

M. Alba, E. plantaginium and F. esculentum were visited by bees starting early in the morning
under both condition. They were also produced high amount of pollen. As a result of their pollen,
they were visited starting early in the morning. Because honeybees usually collect pollen in the
morning and nectar in the afternoon. Early in the morning the concentration of nectar is low due
to higher humidity to attract the bees. When the day advances due to sunshine and decreasing in
relative humidity and wind make the nectar more concentrated. Bees synchronize their behavior
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with daily floral rhythms, foraging only when nectar and pollen are at their highest levels. At
other times, they remain in the hive, conserving energy that otherwise would be exhausted on
nonproductive foraging flights (Moore, 2001).
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Figure 1. Foraging time and intensity of honeybees at different time of day on different species

of plants under rain fed
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Figure 2. Foraging time and intensity of honeybees at different time of day on different species
of plants under irrigation fed
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Conclusions and recommendations

In conclusion this study revealed that all species under study E. plantaginium, Becium
grandiflorum, and M. alba and F. esculentum performed very well under both rain fed and
irrigation conditions. Therefore, development of these better performing plant species through use
of irrigation and rain fed conditions will alleviate the shortage of bee forages in dearth periods
and help to sustain honeybee colonies in increasing honey production. Even though the plants
species used in this experiment showed better performance under both condition, it requires
further evaluation particularly on agronomic evaluation (seed rate and fertilizer rate), nectar yield
and others.
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Insect pollination is important for food production globally and apples are one of the major fruit
crops which are reliant on this ecosystem service. In this study an attempt was made to
investigate the effect of honeybee pollination on fruit yield and quality of Malus sylvestris at
Holeta Agricultural Research Center. Variety Anna was used and planted on the plot size of 10m
x 10m.The plots assigned into three treatments. After 50% of the flowering, in the first treatment
the honeybee colonies were caged with mesh wire for intensive pollination. The second treatment
was caged with mesh wire to exclude bees and other insects while the third treatment was left
open to be pollinated under natural condition The yield obtained from plots pollinated by
honeybees was superior with mean fruit yield of 25.6 Q/ha followed by plots left open to be
pollinated by all insect visitors ( 17.6 Q/ha). The lowest yield (14.4 Q/ha) was recorded from the
bees and other pollinators excluded plots. The study revealed that honeybee pollination
contributes 63.6% to the yield increment of M. sylvestris.

Keywords: Pollination, apple, Malus sylvestris, honeybee, fruit yield

Introduction

The use of honeybee pollination is the most effective and cheapest method of increasing the crop
yield as well as the quality of crop production (Kozin, 1976). Many types of commonly grown
fruits require pollination in order to bear satisfactory marketable fruits. The greater the number of
ovules fertilized, the greater the likelihood that the fruit will successfully compete for the tree
nutrients and will continue to develop up to harvest. High seed numbers will ensure better shaped
fruit and improved qualities.

The Apple plant is belonging to family Roseacae and the flower is bisexual with 5 stigmas and
20-25 stamens. All varieties of apple trees require some cross-pollination to set fruits. Even
though some varieties are self-fruitful, they will set fruit more heavily and more regularly if they
are cross-pollinated (Delaplane and Mayer, 2000). Wind pollination hardly contributes to the
pollination of apple, and most varieties depend on insect pollination. Apple generally grown in
most East African countries starting from 2000-3200m.a.s.]. and particularly in Ethiopia apple
grows from 2000- 2800 m.a.s.l. which is appropriate crop for highlands (Abayneh and Masresha,

2014).

Now days, apple is expanding in most highlands of the country for fruit production and as well as
for environmental conservation. The government is promoting this fruit tree at level of
smallholder farmers. Moreover, investors are also involved in producing apple plant for fruit
production around Walmera district. However, the production of fruits and quality were not as
anticipated. This might be improved using insect pollination services. Therefore, this study was
initiated to study the effect of honeybee pollination on fruit yield and quality of apple in Walmera
district and identify potential insect pollinators of apple other than honeybees.
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Materials and methods

Study area

The study was conducted at Holeta Agricultural Research Center, Walmera district located
between latitudes 9°03'N and longitudes 38°30'E. The altitude ranges from 2060 -3380 m.a.s.1.
with bimodal rainfall pattern. The main rainy season is from June to September with a mean
annual rainfall of 1150 mm.

Experimental set up

The high yielding apple Anna varieties which was released by Holeta Agricultural Research
Center was used for the purpose. A total of 24 Anna trees which have similar height and ages
were assigned into three treatments: 8§ Anna apple variety trees caged with medium sized
honeybee colony by insect prove mesh wire (T1), 8 Anna apple variety tree caged by insect
prove mesh wire(T2) and the rest 8 Anna apple variety trees left open for control(T3).

Data collection

Pollination activity by honeybees was observed when the apple trees started flowering and
throughout its flowering duration that lasts about 3 days. Pollinators in every treatments were
recorded between 10:30 and 14:00 hours every day and sampling order was reshuffled daily to
avoid biases in environmental factors. At each treatment, apple trees that have approximately
above 50 flowers were selected and number of honeybees visiting at these flowers was recorded
for 10 minutes. Every visitor and the number of flowers visited were also recorded. For each
treatment, two such 10-minute long observations were conducted and the counts were pooled for
analysis. Similarly, the yield data was collected and analyzed using one way ANOVA while the
visiting pollinator insects were quantified using simple frequency table.

Results and discussions

The mean fruit yield in kg per tree was found to be statistically significant among three treatments
(P<0.05). The yield obtained from the intensively pollinated by honeybee’s colonies only and
honeybees and other insects was statistically significantly higher than the one excluded from any
insect pollinators (tablel). The fruit yield difference between the treatments indicated that the
crop requires insect pollination particularly honeybees for fruit production. This is in line with the
findings of Delaplane and Mayer (2000) that apple cultivars are self-incompatible to varying
extents, requiring pollen transfer from another “pollinators” cultivar to set fruit in marketable
quantities. The contributions of bees to apple fruit production have been appreciated for a long
time (Brittain, 1933; Brittain and Eidt, 1933).

Table 1. Mean + SE fruit yield of Apple per tree of pollinated with bee, open and without
any insect pollinators

Treatment Mean fruit yield in kg/tree Mean fruit yield in quintal/ha
Open 22+037" 17.6

Caged without bee 1.8+0.22° 14.4

Caged with bee 32+04° 25.6

CV (%) 13.75

Various insects belonging to different orders visited Anna apple variety during its flowering time.
These include butterflies, flies, stingless bees, wasps, moths, bugs, spiders, carpenter bees,
grasshoppers, beetles. The number and percentage of insect visitors were shown in (Table 2).
Honeybees, flies and butterfly are the major pollinators of Anna apple variety. When collectively
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seen, order Hymenoptera is the major pollinator of Anna apple variety and followed by
Lepidoptera and Diptera in that order

Table 2: The number and percent of the visiting insects of Malus sylvestris, Apple Anna

variety
No. Insect order Common name Number Percent
Butter fly 22 18.5
1 Lepidoptera Moth 2 1.7
Spider 1 0.84
Diptera Fly 24 20.2
3 Hemiptera Bugs 4 3.4
Orthoptera Grasshopper 1 0.84
Wasp 7 59
Athalia 4 34
Meliponula 2 1.7
5 Hymenoptera
Honeybees 40 33.6
Xylocopa 3 2.5
Afrozonalictus 2 1.67
6 Coleoptera 7 5.89

Conclusions and recommendations

The study revealed that apple orchards of Anna variety are largely dependent on intensive
honeybee pollination. Honeybee pollination increases fruit yield by 63.6% over natural
pollination. Therefore, moving honeybee colonies to the apple orchards during its time of
flowering is one of the most essential inputs to maximize apple fruit production.
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Abstract

Adulteration of honey and beeswax is becoming a serious and cross cutting problem in Africa in
general and in our country in particular and many methods of analysis are available to detect
falsification by carrying out chemical analysis. However, in many developing countries a
laboratory analyses is not always available. Therefore, the objectives of the study are to identify
materials used for adulteration, characterize physical and chemical properties of adulterated
honey and beeswax to develop methods of identifying adulterated hive products (honey and
beeswax). The survey were conducted in 7 zone of Oromia region (Jimma, Ilu abbabora, West
wollega , East wollega , East Shoa, West shoa, and South West Shoa.) and Addis Ababa. The
result show that sugar and animal tallow are the major adulterating material while, boiling of
sugar with honey, direct adding of grounded or powder of sugar to the honey and melting animal
tallow with wax were major adulterating way for honey and bees wax respectively, market loss,
health problem, loss of customer, price reduction and loss of trust were, major problems
encountered by producer due to adulteration. Solubility and viscosity of honey and breakability,
uniformity and smell of beeswax were found good methods to detect adulteration of honey and
beeswax at farm get or market respectively.

Keywords: Honey, beeswax, adulteration,

Introduction

Beekeeping has been practiced in Ethiopia for centuries and currently the country is the
largest honey producer in Africa. On a world level, Ethiopia is fourth in Beeswax and tenth in
honey production (Girma Deffar 1998). However, the majority of beekeepers in the country are
still use traditional hives (MOARD, 2003). In Ethiopia, honey is almost exclusively used for
local consumption, and to a very large extent (80%) for brewing of mead, locally called ‘Tej’.
Ethiopia produces between 24,600 and 43,000 tones of honey per year, and is one of the five
biggest wax producers with an average annual export estimated at 3000 tones (EEPD, 2006).
From traditional hives, an average of 5-6 kg of honey could be cropped/hive per year.
However, in areas where improved technology has been introduced, yields of 15-20 kg/hive per
year have been recorded. Low productivity and poor quality of bee products are the major
economic impediments for beekeepers (Nuru, 1999). Honey and beeswax should be carefully
handled starting from harvesting until it reaches to consumers. One of the problems of honey and
beeswax quality in the country is adulteration.

Now days there is a cross cutting problem of adulteration of honey and beeswax all over the
world in general and in developing countries in particular. Adulteration is becoming a serious and
cross cutting problem in Africa in general and in our country in particular. This situation is
greatly affecting the quality and marketing of hive products. Chemical analysis is used in many
cases to detect adulteration. However as this method require expensive laboratory equipments, the
service is not readily available and also this chemical analysis does not serve consumers who
want to buy pure products from the market for immediate use. Therefore, this study was initiated
to identify adulterant materials and simple methods to detect adulterated honey and beeswax.
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Material and Methods

Survey

The survey were conducted in 7 zone of Oromia region ( Jimma, Ilu abbabora,West wollega ,
East wollega , East Shoa, West shoa, and South West Shoa.) and Addis Ababa which were
selected based on potentiality of honey and beeswax marketing. A total of 237 respondents were
selected randomly from Beekeepers, Merchants and consumers from 14 districts and 28 kebeles
of the study areas and interviewed using pre-structured questionnaire for identifying adulterant
materials and to develop simple methods to detect adulterated honey and beeswax. 236 and 6
honey and beeswax samples were collected from beekeepers and merchants for identifying
adulterant materials and develop simple methods to detect adulterated honey and beeswax,
respectively. Four different ratios of each bee products was prepared as follows

Honey

1:1 sugar and honey

1:1 sugar and banana

1:1:1 sugar, banana and honey
2:1:1 sugar, water and honey

Beeswax

1:1 beeswax and Candle

1:1 beeswax and animal tallow

1:2:2 beeswax, animal tallow and candle
1:1:1beeswax, animal tallow and candle

Result and Discussion

Socio-economic characteristics

The average age of the beekeepers was 40+12.93 years with range of 20 to 76 years. It was found
that 37.9% of the beekeepers were in the age category of 31- 40 years. The remaining 24.1,
20.7%, 12.1% and 5.2 % of the beekeepers found in the age groups of 20-30, 41-50, 51-60, >60
and 51-60 years, respectively. From the total respondents about 92.2 % are Male and the rest are
Female Beekeepers.

Table 1. Age category of the respondents

Age catagory Beekeepers | Merchants | Users
<20% 9.2

21-30(%) 24.1 33.8 26.8
31-40(%) 37.9 354 17.9
41-50(%) 20.7 15.4 30.4
51-60(%) 12.1 12.5
>60(%) 5.2 6.2 12.5
Average age(yrs) 40(12.93) 35(11.21) | 41(14.53)
Min age (yrs) 20 17 22

Max age (yrs) 76 70 85

The study also showed that from the total respondents about 8.6% illiterate, 6.9% literate or
informal school education, 23% 2% high school (9-12), 6.0% not answered and 5.2 % has
College diploma. But the majority (about 50%) of the farmers is elementary school (1-8).

The average age of the merchants was 35 years with standard deviation of 11.21. It was found
that 35.4 % of the merchant were in the age category of 31-40. The remaining 33.8, 15.4 %, 9.2
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% and 6.2 % of the merchant found in the age groups of 20-30, 41-50, <20 and >60 years,
respectively. It was also observed that age of interviewed merchant ranged from 17 to 70 years.
From the total respondents about 76.9 % are Male and the rest are Female merchant. The study
also showed that from the total respondents about 6.2 % illiterate, 30.8% high school (9-12), 24.8
elementary school (1-8), 3.1% has certificates, and 4.6 % has College diploma, 1.5% has above
college diploma and 29.2 % not answered.

The average age of the users was 41 years with standard deviation 14.53 it was found that 30.4 %
of the users were in the age category of 41-50. The remaining 26.8 , 17.9 %, 12.5 % and 12.5 %
of the merchant found in the age groups of 20-30, 31-40, 51-60 and >60 years, respectively. It
was also observed that age of interviewed merchant ranged from 22 to 85 years. From the total
respondents about 57.1 % are Male and the rest are Female user. The study also showed that from
the total respondents about 5.4 % illiterate, 35.7 % high school (9-12), 41.1 elementary school (1-
8), 7.1% has certificates, and 5.4 % has College diploma and 1.8% has above college diploma.

Perception of the respondent on the adulteration of honey and bees wax

Beekeeper

The study showed that from the total respondents about 94% and 36 % of repondants were aware
of honey and bees wax adulteration, respectively. Whereas the majority of respondent claimed
that adulteration of honey and beeswax is done mainly by retailers and collectors and less extent
by beekeeper, wholesalers and road side sellers. About 48.3 % and 9% of the consumers were had
a chance of buying adulterated honey and bees-wax respectively from district and village market.
According to the respondents, sugar, mixture of sugar and banana, mixture of sugar and molasses,
plant roots, and candy are used to adulterate honey, while maize flour, animal tallow, paraffin,
candle are the ones used to adulterate beeswax. The respondents indicated that adulteration of
honey and beeswax are conducted through different ways. These includes boiling sugar with
honey directly adding sugar powder to the honey melting of animal fat with wax and boiling of
soap ,candle , maize powder or flex with beeswax .

Almost 60% of the respondents identify adulterated honey by testing and smelling while 17.2 %
estimate by continues flow. But 8.6 % cannot identify even though the rest can identify by using
coca cola, thickness of the honey and using fire. 80.2% of the respondents cannot identify
adulterated beeswax, 3.4% can identify by colour of the wax while the rest identify by smell,
observation uniformity and breakability of the foundation sheet. According to the majority of
respondents beekeepers reported that adulteration is done in both honey flow season 50% and
also there is the price difference between the pure and the adulterated honey 83.6%. The major
problems caused and reported by respondents beekeepers because of adulteration are production
minimization, price reduction and health problem.

Merchants

The study showed that from the total respondents about 60% and 12.3 % bought adulterated
honey and bees wax respectively the rest of the respondent they did not bought. According to the
result from 60% of respondent bought adulterated honey the majority 27.7% one times, and list
6.2% three times and from 12.3 % the majority of respondent bought adulterated bees wax 4.6 %
one and two times and 3.1% five and above five times .The majority respondent mention
collectors 16.9 %, retailers 12.3% and roadside sellers 12.3% responsible for adulteration of
beeswax.

The respondent mention during study the market place they bought adulterated honey and

beeswax  from zonal level market 13.8%, farm gate 12.3% and woreda level 10.3% market and
the rest is from village level and other market place. Also the respondent mention they think

________________________________________________________________________________________ IRk



Livestock Research Proceeding

adulteration done in woreda level 22.4 % and Village level markets 7.8 % the rest done in zone
town, regional and other market places.

The major adulterant material of honey are sugar 69.2% , candy and sugar with molasses 6.2 %
the rest adulterant materials is sugar with banana, orange and cumber and the list adulterating
material mentioned by respondents are Soil and stone 1.5% while 3% they did not know the
material . 21.5 % of respondent they did not identify the adulterating but the major adulterating
mentioned are animal tallow 20% the rest was animal tallow with candle, lime stone maize flex
or powder .21.5% cannot identify adulterated honey and 7.7% not answered some of the
respondent can identify by test 21.5% the rest identify by observation, smell, by firing, using coca
cola the list identification mention by certification of the honey. Majority of them 86.2% cannot
identify adulterated beeswax the rest identify by colour, smell and breakability of the wax.

The respondent report that they get pure honey or bees wax from common customer or one
beekeeper 66.2% and certification and common trust is the list way mentioned .during the
marketing process 53.3% the merchant allow the user to test honey or wax before they bought to
get the trust from the user.43% of them sells their honey and bees wax in the market by common
trust or believe and only 3% of them sells certified and packed honey.

According to the result majority of respondents they do not knew how adulteration is done 64.6%
and 33.8% honey and beeswax respectively but boiling of sugar and adding to honey 36.9% and
melting of animal tallow with wax 10.8% is the major ways of adulterating honey and wax
respectively 43% of them sells their honey and bees wax in the market by common trust or
believe and only 3% of them sells certified and packed honey.

Adding soil to honey is the list adulterating ways of honey by merchant, adulteration is done in
both seasons according to the respondents. Majority of the respondent report there is a price
difference between the pure and the adulterated one and market loss, price reduction and health
problems are major problems mentioned.

Users

According to the result the majority of respondent mentions that 16.1% road side seller and
collectors 16.1 % major responsible also beekeeper is mentioned 8.7% for adulteration of honey
and beeswax while rest done by other actors in the market like, wholesalers and retailers and the
users think adulteration is majorly done zone town market, woreda town market and farm gate
32.1%, 21.4% and 17.9% respectively the rest is done in village and regional level markets.
Direct adding of crushed or powder of sugar 28.6% and boiling of sugar 25% adulterating with
honey is the major ways of adulterating honey and 96.3 % respondents report that they do not
know how adulteration of wax is done.

Sugar is the major adulterating material 69.6% , other is mix of sugar with banana, molasses and
irid (local name) was used us adulterating materials for honey and majority of the respondent do
not know bees wax adulterating materials 96.3% . According to the result users respondents
reported that the identification method of the pure and adulterated honey the major is by test
46.4% and smell 10.7% and the list identification method reported is using fire and coca cola.
Majority of the respondent 98.2% cannot identify adulterated bees wax .the majority was agreed
there is price difference between the pure and the adulterated one. Problem encountered because
of adulteration list by the respondent majorly loss of satisfaction, health problem and loss value of
the product.
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Laboratory analysis

Samples of 1 kg of honey and beeswax each collected from producer and merchant from
different zone of each study areas (both market spot and on farm gates). The physical properties
or organolephetic test for honey was done in HBRC laboratory but chemical properties test were
not done because any standard laboratory found in our country not done any test for honey
currently. The physical and chemical property of the collected beeswax and adulterated beeswax
prepared by different ration from two adulterating material was analyzed at HBRC and ECAE
laboratory. In this study, adulterated beeswax prepared the value obtained from melting point,
saponification clouding point, refractive index, ash,% by mass, total Volatile matter, acid value
and eater values were not fulfil in the required standard values of 61- 66°C, 85 -105, 1.4400-
1.4450, 0.22max, 0.75max, 17-24 and 70-80 respectively according to Ethiopian Conformity
Assessment Enterprise (ECAE) laboratory.

Physical property adulterated beeswax

Bees wax with both animal tallow and candle with equal amount of them and fewer amounts the
pure bees wax have smell of animal tallow, light yellow in colour, appearance not uniform inside
and, easily or smoothly breakable Adulterated beeswax with candle only and equal amount it
have uniform appearance, yellow in colour, breakage is like bees wax, goodsmell.

Adulterated beeswax with animal tallow only and equal amount have tallow smell, dark yellow
colour, smoothly breakable and appearance it seems like bees wax. Adulterated beeswax with
equal amount of animal tallow and candle and pure bees wax have light yellow colour ,smoothly
breakable, tallow smell and appearance is not like bees wax .

Physical property of adulterated honey

Adulterated honey with arid local name, this adulteration changes the colour of the honey into
yellow. Adulterated honey with, sugar, honey and water by using heat means by boiling it have
light white in colour; test is sweet like sugar, very liquid, look like pure honey but the sugar settle
at the bottom of the honey container. Adulterated honey with equal amount honey with sugar
melting of sugar it have red colour and it becomes solid .adulterated white honey with sugar
by directly adding , have extra white colour and ferment it look like pure honey by necked eye,
Adulterated honey with molasses using heat it have black colour looks like honey coffee honey
colour. Adulterated honey with banana at the bottom it is in the liquid from and in the upper
layer it forms yeast. All the adulterated honey does not fulfil standard honey moisture content
quality parameter. Physical test were done for honey sample collected according to the perception
of the respondents on the physical identification of the adulterated honey during the test the
control group also checked by those identification test method for the control group we used pure
honey harvested from HBRC, pure also shows adulteration in different identification test
methods shows adulteration from this one is in coca cola test method this may be from the
content of coca cola and honey which causes fermentation during mixing the two of the them or
the time the honey were harvested until the test is undertaken. Another test method observation
done for adulteration detection is how liquid honey comes down into a glass of water. Pure honey
does not immediately dissolve in water you will notice that it takes a bit of effort to stir it in the
water to dissolve, whereas sugar tends to dissolve easily as you drop them into the water.
However, test result is sometimes not that clear because different honey varieties have different
viscosity. Some are denser and thicker than others. Obviously, honey in cream form, even if it's
adulterated with other substance, will not dissolve as easy as liquid honey in water. In the rest of
the identification methods, it shows purity of the control honey according to the precaution of the
respondents.

Generally, all respondents answered that sugar is the major honey adulterating material, while
majority of them do not know adulterating materials of bees wax.
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Conclusion and Recommendation

Sugar and animal tallow is the major adulterating material boiling of sugar with honey, direct
adding of crushed or powder of sugar to the honey and melting animal tallow with wax  major
adulterating way for honey and bees wax respectively. Market loss, health problem, loss of
customer, price reduction and loss of satisfaction are major problems caused due to adulteration.
Dissolving in the water and continues flow show good result for the physical identification
methods of adulterated honey while breakability, uniformity —and smell are concluded as
physical identification methods of adulterated beeswax. The information delivered from this
work should be disseminated to the concerned body and further study on the techniques and
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procedures used to detect or physical identification of honey and bees wax adulteration is
recommended.
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Abstract

Pollen and nectar of early blooming shrub trees is important for honeybees in the brood rearing
season. The quantity and quality of available nectar sources can show huge differences depending
on the season, environmental conditions, the blooming stage of the plant, the age of the flowers
and the time of the day. The study was conducted to evaluate the adaptation of the screened
honeybee forage shrubs for sustainable honey production. The planting materials were Vernonia
amygdalina, Buddleja polystachya, Callistemon citrinus, Dovyalis caffra and Chamecytisus
proliferus. The species were evaluated based on growth rate, number of flower heads per plants,
time to set flower, foraging intensity of honeybees and flowering length. The mean annual growth
rate was different from year to year and higher for Chamecytisus proliferus followed by C.
citrinus, D. caffra, Buddleja polystachya, , and V. amygdalina in decreasing order. C. citrinus, C.
proliferus and V. amygdalina were set flower with the ranges of two to three and half years while
B. polystachya, and D. caffra were not flowered up to the end of five years. V. amygdalina was
highly visited by honeybees compared to rest. C. citrinus, C. proliferus and V. amygdalina are
fast grown bee forage shrubs and provided flower with short period of time and thus promotion of
these bee forages is very important, and follow up of B. polystachya, and D. caffra should be
continued till necessary data are obtained. Furthermore it is also important to evaluate pollen and
nectar yield of the recommended bee forages.

Keywords: Bee forage shrubs, flowering period, pollen yield, foraging intensity, growth rate

Introduction

The success of beekeeping depends not only on honeybee strains and its management but also on
the abundance and availability of bee floral plants around bee farming area (Bista and Shivakoti,
2000). Attention not given to maintain the existing bee flora and multiplication of multipurpose
plant species in order to make beekeeping sustainable. Inadequate information on bee forage
resources are a major obstacle to improve the production and productivity of honeybees in mixed
crop farming of Ethiopia. It also important to screen suitable bee forage species that have
compatibility with existing farming systems, high nutritive value, fast growth, easy to manage
and resistance to diseases and pests.

Bee forage trees/shrubs provide bees with ample of food source (nectar and pollen) due to their
relatively large canopy spread, and long flowering duration. Bee forage shrubs/trees not only
provide nectar and pollen for the honeybees but also used as food, ornamental, shade tree and live
fence for the beekeepers. Hence, to gain optimum benefit from honeybee forage shrubs screening
and adapting of the well performing multipurpose species is essential to increase honey
production. Therefore, the objective of the study was to evaluate and screen well performing
shrubs bee plants and recommend best performing for the users.
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Materials and methods

Description of study areas

The study was carried-out at Holeta Bee Research Center from 2009 to 2014. The site is located
at an elevation of 2400 m.a.s.l, at 09°03.5'N latitude and 038° 30.367'E longitudes. The
predominant soil type in the study area is red soil.

Candidate bee forage plant selection

Potential shrubs were identified through interview of farmers, observation of foraging bees on
each flower of candidate shrubs during different flowering seasons (Sep/Oct, Dec/ Jan, April/May
and Jun/July) and literature review. Accordingly 5 shrub bee forages were put under investigation
(table 1)

Table 1: Identified candidate bee forage and their range of distribution

No Botanical name Common name Growing Agroecological zone
1 Vernonia amygdalina Eebicha(Or), Girawa(Am) 500-2800 m.a.s.l.

2 Buddleja polystachya Anfara(Or) 1000-3300 m.a.s.1.

3 Callistemon citrinus Bottle brush (Eng) 1250-2500 m.a.s.1.

4 Dovyalis caffra Koshim (Ambh) 1500-2600 m.a.s.1.

5 Chamecytisus proliferus Tagasaste up to 3200 m.a.s.L.

Seed collection

Matured seeds and branch cuttings of Vernonia amygdalina, Buddleja polystachya, Callistemon
citrinus, Dovyalis caffra and Chamecytisus proliferus were collected from respective mature plant
species. Immediately after collection, seeds were packed and allowed to dry for one and half
week at room temperature. The packages were maintained at room temperature until day of
sowing.

Nursery establishment and experimental setup

Seed was sown and seedlings of the species were raised in nursery bed. The seedlings were
transplanted to plots size 4mx5m, with 0.5 m spacing between plants and 1m between rows.
Completely randomized block design was used with three replications. All necessary data such
as, height of plant, flowering date, number of flowers heads per plant and foraging intensity of
honeybees were recorded. Growth of each bee forage per day was recorded using Growth Rate
formula (Growth rate = Change in Height/Change in Time, because rates are measures of change.
Here, the change in height involves subtracting an earlier plant height measurement from a later
measurement of the same plant. The change in time is the total amount of time that passed
between the two heights measurements. At 50% flowering, number of flower heads/m” was
counted. Foraging bee intensity on flowers was counted starting from 6: 00 a.m. to 6: 00 p.m. for
ten minutes at every 2 hour interval. Finally, the collected data were statistically analyzed using
descriptive statistics.

_______________________________________________________________________________________EERNl



Livestock Research Proceeding

Results and discussions

Plant growth rate

According to the result of the study annual growth rate of C. proliferus, V. amygdalina, B.
polystachya and D. caffra were decreased as their age increased while C. citrinus was decreased
on second year and then increased. Generally, annual growth rate these plants were high between
one to two years after planted. The mean growth rate of Buddleja polystachya, Vernonia
amygdalina, Callistemon citrinus Dovyalis caffra and Chamecytisus proliferus were 0.81 m, 0.61
m, 0.68 m, 0.66 m and 1.26 m respectively (Table). Buddleja polystachya and Chamecytisus
proliferus were fast growth plants in vegetative parts. But B. polystachya takes more time to give
flowers. This may be the nature of species. Growth rates are influenced by inherent soil fertility
and constant stresses placed on plants in low rainfall. Plants may experience long periods of
stagnation in growth leading to a reasonably large variation in the 'average growth rate (Sykora,
1997).

Table 2. Annual Growth Rates, Four years Total Annual Growth Rate (4YTAGR), Four
years of Mean Annual Growth Rate (4YMAGR), Initial height in meter (m) per six month,
Total height (TH) in meter(m) per 4.6 years of Buddleja polystachya, Vernonia amygdalina,
Callistemon citrinus, Dovyalis caffra and Chamecytisus proliferus.

Plant species Jul 2009- Jul 2010- Jul 2011- Jul2012- 4YTAGR 4YMA [IH(m) 6 TH in

Jul2010  Jul2011  Jul 2012 Jul 2013 GR month m/4.6y
B. polystachya  1.95 0.9 0.2 0.2 3.25 0.81 0.45 3.7
V. amygdalina 1.03 0.7 0.4 0.3 2.43 0.61 0.47 2.9
C. citrinus 0.63 0.4 0.7 1 2.73 0.68 0.47 3.2
D. caffia 0.94 0.6 0.6 0.5 2.64 0.66 0.16 2.8
C. proliferus 1.75 1.4 1.2 0.7 5.05 1.26 0.45 5.5

Total height is the summation of initial height and total annual growth rate of the four years for
each species.

Time required to setting flower

The time required to set flower for V. amygdalina shorter (2.54 years) compared to C. proliferus
(3.1 years) and C. citrinus (3.29) (figure 1). However, under similar condition B. polystachya and
D. caffra did not flower until the end of the study period (four years evaluation period).
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Figure 1: Flower setting time for C. citrinus, C. proliferus and V. amygdalina

Mean number of flower heads per plants

Mean number of flower heads per plant were highest for C. proliferus as compared to C. citrinus
and V. amygdalina (table 3) and it was significantly different (p<0.05) from the rest. This is may
be due to their growing habit and crown size. Plant with more branching produces more flower
heads per plant. John ez al., (1987) also revealed that plants with more vegetative growth produce
more flowers and seeds. ANOVA value indicated that F-ration is greater than p-value. This
means there is more variability between plant species than within species and this is variation was
caused by species types.

Table 3. Mean number of flower heads per plants (MNFHP) + Standard Deviation (SD) of
Vernonia amygdalina, Callistemon citrinus and Chamecytisus proliferus.

Plant species N MNFHP + SD ANOVA
Vernonia amygdalina 9 73+9.2¢ F=234
Callistemon citrinus 9 152+31D P=0.002
Chamecytisus proliferus 9 1247.8 +533.8 a

Flowering duration of bee plants

The mean flowering length of C. citrinus was highest which was six months whereas C.
proliferus and V. amygdalina stayed almost for three and two months, respectively. From
beekeeping point of view it is economical to select plant species with more flower heads and longer
flowering period that provides continuous food source for the honeybee colonies.
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Figure 2. Duration of lowering length in days for three plant species
Foraging intensity of bees

According to the results of this study the foraging time of honeybees to different plant species
varied and the peak foraging time ranged from 12 p.m-2 p.m (figure 3). The observations
recorded on the foraging intensity of the honeybees showed that visiting bees were few in the
early morning and late in the evening. V. amygdalina was highly visited by honeybees when
compared with other plant species This may be due to the flowering time of V. amygdalina was
in dearth period when there is no bee forages in flower around the area. Foraging is essential to a
honeybee colony’s survival. To forage successfully, a bee has to learn and remember not only the
color and shape of flowers that contain nectar and pollen, but also how to get to them (Menzel et
al., 1996; Collett et al., 2003). The variation of number of bee count is associated with different
factors such as attractiveness of the flower, number of flower heads per plants, nectar and pollen
yield of plants and weather condition. This is also in agreement with Crane (1990) the intensity of
bee visit is measure of potentiality of plants for nectar and pollen production.
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Figure 3: Foraging intensity of bees on the three different plant specie
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Conclusions and recommendations

In conclusion this study revealed that all plant species included in the study showed good
vegetation growth performances. Mean annual growth rate of five years after planted were higher
for C. proliferus followed by B. polystachya, C. citrinus, D. caffra and V. amygdalina
respectively. However, C. citrinus, C. proliferus and V. amygdalina were set flower with the
ranges of two and half to three and half years while B. polystachya, and D. caffra are not
flowered up to the end of five years. All bee forages plants bloomed were visited by honeybees
well. However, V. amygdalina was highly visited than the rest. The time spent by bees for
foraging on the flowers depends on the amount of nectar and pollen present in the flower. The
peak foraging time is associated with nectar and pollen potentiality and floral preference of
honeybees. Finally C. citrinus, C. proliferus and V. amygdalina are fast growing bee forage
shrubs and provided flower with short period of time and their promotion is recommended.
However, follow up studies for shrub species of B. polystachya, and D. caffra should be
continued to see their potential. The plants species that showed better performance in and after
flowering stage also require further evaluation to quantify their nectar and pollen yield.
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Abstract

Despite the suitability of Ethiopia to improved bee keeping box hive is less adopted due to its
high production cost (expensiveness of timber) This study was initiated to develop alternative
hive which could be affordable to poor farmers. The hives were made from non timber materials
like Shemel (Oxytenathera abyssinica), Bamboo (Arundinaria alpine) in the prototype of Zander
hive and evaluated. The suitablity, honey yield and cost of the hive is compared with timber
zander hive.. Accordingly the production cost of bamboo(850 ETB), shemel (840ETB) are
significantly more than two times cheaper than and timber Movable frame hive(1800 ETB),
Further more e There was no statistically significant deference in average honey yield among the
types of hives (P>0.05) (table 1). Therefore Bee keepers can to use hives made of bamboo and
shimel 1.

Keywords: bamboo hive, shimel hive; timber movable frame hive

Introduction

Ethiopia, because of its moderate climate and presence of diverse honeybee floral resources, is
suitable for improved beekeeping. To exploit the available apicultural resources, in the last 3-4
decades, many attempts have been made to introduce improved bee hives with its accessories to
the rural beekeepers. Despite the presence of less success stories and also great attempts to
introduce box hives for many years, the dissemination of the technology is very slow to reach to
significant size of beekeepers in the country. Still more than 90% of the beekeeping is practiced
in traditional ways using traditional hives. As a result, the production and productivities of
beekeeping is very low. Moreover,

Currently, timber is becoming very expensive and the cost of one set of timber made hive is 1600
to 1800 Birr. As result, despite a good return of box hive, many farmer beekeepers are unable to
afford for initial investment cost to buy economic size (a minimum of 3 hives). As other many
countries experiences showed, without adopting improved hives it is very difficult to
revolutionize the honey production and become competent in the international honey markets. In
this regard seeking of alternative and affordable improved hives is very essential to enhance the
apicultural industries of the country. To solve problems related to improved hive construction,
some alternatives materials other than timbers were suggested (Crane, 1990) and Claus (1989). In
this aspect, there are non timber materials in the country that can be used for the construction of
improved hives. Among these, bamboo (Arundinaria alpine) and shimel (Oxytenathera
abyssinica) are widely growing in many parts of the country. Particularly bamboo covers 3-4% of
the total forest areas of the country (EMA, 1988). Moreover, 1 million hectares of Ethiopian land
is covered with bamboo (Arundinaria alpine). Shimel (Oxytenathera abyssinica) is also another
dominant plant that occurs extensively in the western lowland areas of the country. Both
materials, besides their availability, have good qualities such as longer durability, easily
manageable and cheaper. Both plants have the ability to replace the old plant seasonally with
young shoot (regenerate) which is useful to utilize the plants in sustainable ways without
depleting the available resources. Therefore, the present study was initiated to test the possibility
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of using these materials for the construction of movable frame hives to reduce the cost and
evaluate the performance of the hives

Material and methods

Matured bamboo and shemel were purchased and allow to dry well. Zander type box hive were
constructed using the materials. Five box hives were constructed from each material and also
timber made box hives were constructed for comparison and control purposes. After constructed
honeybee colonies having equal strength were randomly transferred to all hives. Data on
production cost required producing a set of box hives and honey yield was collected and
Analyzed using ANOVA.This study was carried out for two years at Holeta Bee Research Center.

Result and discussion

The production cost of bamboo (Arundinaria alpine) and shemel (Oxytenathera abyssinica)
movable frame hives was eight hundred fifty (850) and eight hundred forty (840) birr
respectively. While the production cost of a set of timber movable frame hive was one thousand
eight hundred (1800) birr. These results indicate that Bamboo and Shimel hives were significantly
more than two times cheaper than Timber movable frame hive. However the frames made from
bamboo and shemel did not hold the nail as its thickness is less.

The average honey yield obtained from bamboo and Shimel movable frame hives were 19.5 and
19.9 kg / hive/season. While that of timber movable frame hive was 20.3 kg /hive/ season. This
shows that there was no statistically significant average honey yield difference (p>0.05) among
hive types. (Table 1)

Table 1. Honey yield of different movable frame hives

Treatment Mean honey yield + std.Error
Bamboo 19.4733 20514
Shimel 19.8556 35721
Timber 20.2833 .39550
*Mean honey yield

Conclusion and Recommendation

The result reveals that it is possible to construct movable frame hives from Bamboo
(Arundinaria alpine) and Shemel (Oxytenathera abyssinica).. The production costs of these two
types of hives are more than two times cheaper than that of timber made hive. And no honey
yield variation was observe among these hives. Therefore it is important to promote the hives in
all parts of country where these materials grow. However the frames made from Bamboo and
Shimel are thin to hold nail. Therefore, using frame made from timber or looking for method to
strongly fix the bar is paramount important.

________________________________________________________________________________________EEREE
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Abstract

To become competent both in local and export markets the quality of the beeswax has to be
maintained. However pre- and post-harvest handling and processing of crude beeswax affect its
quality and quantity. Hence, the objective of the present study was to evaluate the quality and
quantity of beeswax obtained from different sources and compares the effectiveness of different
beeswax extraction methods for rendering pure and quality beeswax. Three bees wax sources
(comb, sefef and crude honey) and three extraction methods (manual, submerged and solar) were
arranged in complete factorial in Randomized Complete Block Design (RCBD) with three
replications. Ten kg each of comb, sefef and crude honey were used for extraction and the
average amount of pure beeswax obtained was compared. The analysis of variance indicated that
there were significant difference among beeswax sources, extraction methods and interaction
between beeswax sources and extraction methods on the yield of beeswax and slum gum
((P<0.05). Comparison of beeswax sources revealed that significantly higher beeswax yield (6.76
kg) was recorded from crude honey than from comb and sefer with beeswax yield of 2.68 and
2.59 kg, respectively. Among the beeswax extraction methods, submerged method was found
significantly superior to manual and solar extraction methods when comb and sefef sources were
used, where as when crude honey was used as a beeswax source, manual and submerged methods
were found on par in rendering beeswax. On the other hand, the highest slum gum was recorded
from comb and sefef sources particularly when solar extraction method was used. In the case of
crude honey source there was no significant difference among the three extraction methods on
slum gum record. Statistical analysis indicated that different beeswax sources and extraction
methods had no significant deference on melting, saponification clouding point, acid and ester
values. The beeswax quality obtained in this study is comparable to require standard quality.

Key words: Beeswax source, Extraction method, quality,

Introduction

Traditional hives that are widely used in developing countries are major source of beeswax.
(Crane, 1990). Much of the beeswax of the world comes from developing countries and serves as
source of cash income and foreign exchange earrings. Beeswax is used for more than 300
purposes and the demand for it never has been satisfied Most of the wax produced now- a-days
are used in the manufacture of cosmetics, such as hand and face creams, lipsticks and
pharmaceutical, such as ,various ointments, for coating pills and suppositories (Brone, 1988)).

In world market beeswax commands much higher unit price, (three times more) than honey
(FAO, 1986). In Ethiopia beeswax has been used as one of the important agricultural export
commodities for many years. The average annual beeswax export of the country is about 472.2
tons (MOA, 2003), which is only less than 10% of the total amount of beeswax produced
annually.). This is attributed to in many parts of our country

Much of the beeswax produced by bees that could be harvested by beekeepers is wasted. The
beeswax is left or thrown away because beekeepers do not have awareness on how to collect and
render it into marketable blocks (Nuru & Eddessa, 2005) in developing countries in general and
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in our country in particular. only one-third, or at most one-half, of the world’s production of
beeswax comes on to the market, the rest being thrown away or lost (Smith, 1960).

Even if beeswax is a non perishable product the way it is processed and handled has a great
influence on its quality, quantity and marketing. In the export market the issue of quality products
is very important. To become competent both in local and export markets the quality of the
beeswax has to be maintained. Processing and marketing of beeswax by producer’s cooperative
and small-scale processor have been successfully used in many tropical countries. In Ethiopia
however the way of handling and processing of crude beeswax poor. This is may be due to
sources and pre and post harvest handling conditions. The efficiency of manual beeswax
rendering method is very low, only 50% efficient compared to mechanical presser (Nuru and
Eddessa, 2005).

The quality of beeswax obtained from tej by product does not seem pure and its color is not light
as that of beeswax extracted directly from crude honey. This e may be due to ingredients used in
tej like Gesho (Raminus prinodes) stem and leave, fermentation periods or way of storing of
crude beeswax (sefef), the color and the quality of beeswax processed and marketed are varied.
Moreover, beeswax obtained from different processing methods affects its quality and quantity
The quality of beeswax is judged from its color, purity and uniformity. Light color beeswax has
the high value in world market. In Ethiopia, no pervious study examined the quality and quantity
of beeswax obtained from different sources and different methods of processing. Therefore, this
study was initiated to evaluate the quality and quantity of beeswax obtained from different
sources, and to compare the effectiveness of different beeswax extraction methods for rendering
pure and quality beeswax.

Materials and Methods

The study was carried out at Holeta Bee Research Center during 2003 and 2004 E.C. The
experiment was laid out in Randomized Complete Block Design (RCBD) with three replications.
Three beeswax sources (comb, sefef and crude honey) and three extraction methods (manual,
submerged and solar) were combined in complete factorial arrangement. Crude beeswax such as
sefef was collected from tej makers, while comb was obtained from hives that had been broken or
crashed and crude honey was attained directly after honey extraction. Ten kg of each sefef, comb
and crude honey were used for three wax extraction methods.

Extraction methods

Manual extraction method (simple extraction methods)

The crude beeswax obtained from different sources were placed separately in clean water and left
soaked for 24 hours so that any remaining honey, sheath and water soluble dirty particles were
dissolved and washed with clean water in plastic basin or bucket twice. After straining, the wax
was melted in sufficient boiling water. Then the wax were poured into sisal and squeezed
manually. When the wax ceases to run through, the sisal was twisted and squeezed pulled slowly
between two horizontal sticks. The water and wax mixture was left to cool. The wax block
obtained was analyzed for its quality, color and the quantity. The extracted and dried refuses
(slum gum) were weighed.

Submerged wax extraction method

The beeswax obtained from different sources were placed separately in clean water and left
socked for 24 hours to let any remaining honey was dissolved and washed using clean water in
plastic bucket. Then the washed wax tied up in clean cloth (abujedi) sacks. The tied up wax sack
were put in twice its volume of clean water and heated at 70 — 80 ° C until the wax has melted.
The sack is agitated with a stick to cause the wax to float to the top and then pour the melted wax
from the boiler. The warm water and wax mixture were poured through a strainer or clean cloth
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and two sticks were put on sacks containing wax to squeeze the wax out of cloth. Then, the water
and wax mixture were allowed to cool and the wax cake were removed and all the necessary data
were collected. (Dadant, 1975).

Solar wax extraction method

The crude beeswax from different sources were melted using solar energy/solar wax extractor at
68 to 70°C. The sun melts pieces of wax placed on the metal base of a shallow box. Melted
beeswax runs down the base leaving most of the dross behind through a screen and into a
container where it solidifies. The container (mould) in which the wax was to be collected had
sloping sides, so that the block of wax was easier to remove. All necessary data including quality
amount of beeswax and refuses (slum gum) were collected.

Treatments
The experiment has 9 treatments with three replication. These are:

Treatment 1 Crude beeswax (sefef) and manual wax extraction methods

Treatment 2 Crude beeswax (sefef) and submerged wax straining methods
Treatment 3 Crude beeswax (sefef) and solar wax extraction methods

Treatment 4 Crude beeswax comb and manual wax extraction methods

Treatment 5 Crude beeswax comb and submerged wax straining methods

Treatment 6 Crude beeswax comb and solar wax extraction methods

Treatment 7 Crude beeswax from crude honey and manual wax extraction methods
Treatment 8 Crude beeswax from crude honey and submerged wax straining methods
Treatment 9 Crude beeswax from crude honey and solar wax extraction methods

The beeswax obtained from different sources and methods of extraction were evaluated for their
color, cleanness and uniformity. The physical and chemical properties that were relevant to
beeswax quality like melting point, saponification cloud point, and acid value and ester value
were tested at Ethiopian Conformity Assessment Enterprise laboratory.The color of pure beeswax
extracted from each sources and extraction methods were compared with that of pure beeswax
prepared for export. Experimental data were analyzed using SAS software, and means for each
parameter were separated by the least significant difference (LSD) test at P = 0.05.

Result and Discussion

Statistical analysis indicated that there were significant difference among beeswax sources and
extraction methods on the yield of beeswax and refuses (slum gum). (Table 1 and 2), the
interaction between beeswax sources and extraction methods was also significant.

Table 1 . Effect of different beeswax sources and rendering methods on beeswax yield (kg)

Extraction method | Beeswax Sources (S
M) Comb Sefef | Crud oney | Mean
Manual 2.96" 3.03° | 7.27° 4.42
Submerged 3.93" 3.93* | 7.10° 4.96
Solar 1.23¢ 0.80° 5.90° 2.64
Mean 2.68 2.59 6.76
C.V. (%) 9.98

S M SxM
LSD (0.05) 0.40 0.40 0.69
SD.+ 0.1334 0.1334 | 0.2310
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Means within the same beeswax sources followed by the same letter are not significantly

different (P=0.05
Table 2. Effect of different beeswax sources & rendering methods on refuses (slum gum)
(kg)
Extraction method | Beeswax Sources (S)
M) Comb Sefef Crude Mean
Honey

Manual 4.00° |3.80° | 1.73a 3.18
Submerged 493" 417" | 1.60a 3.57
Solar 7.47° 7.27° 2.43° 5.72
Mean 5.47 5.08 1.92
C.V. (%) 17.83

S M SxM
LSD (0.05) 0.74 0.74 1.28
S.D+£ 0.2469 | 0.2469 | 0.4277
Means within the same beeswax sources followed by the same letter are not significantly
different (P=0.05

Comparison of beeswax sources revealed that crude honey yielded significantly higher pure
beeswax and the lesser slum gum as compared to comb and sefef sources. Among the beeswax
extraction methods, submerged method was found significantly superior to manual and solar
extraction methods when comb and sefef sources were used, where as when crude honey was
used as a beeswax source, manual and submerged methods were found on par in rendering
beeswax.

On the other hand, the highest refuses (slum gum) were recorded from comb and sefef sources
particularly when solar extraction method was used. In the case of crude honey source there was
no significant difference among the three extraction methods on refuses (slum gum) record.
Further, examining quality parameters of the extracted beeswax for color, purity and uniformity
revealed that beeswax obtained from crude honey was light in color as compared to that obtained
from comb and sefer. One major factor contributing for the deterioration of beeswax quality is
inappropriate storage conditions of honey combs and crude beeswax like sefef and comb.
Beeswax sample obtained from different sources and extraction method were analyzed for
melting point, saponification, acid and ester values. Statistical analysis indicated that different
beeswax sources and extraction methods had no significant deference on melting, saponification
clouding point, acid and ester values of beeswax (table 3, to 6).

In this study, the value obtained from melting point, saponification clouding point, acid and eater
values were in the range of in the required Ethiopian and American standard values of 61- 66°C,
85 -105, 17-24 and 70-80 respectively.Further, analysis of beeswax prepared for export purpose
has shown similar results for melting point, saponification clouding point, acid and eater values as
compared to the findings on this study.

Among the extraction methods manual beeswax extraction method needs four or more man
power to press 10 kg of melted beeswax. The traditional beeswax pressing method is inefficient
and contributing for the losses of 47% of pure beeswax (Nuru 1997), however submerged
extraction method is simple and it can be processed by one or two man power. A solar wax
extractor produces top quality wax. The temperature only needs to rises above 68 to 70°C to
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render beeswax sufficiently and also the extractor has to be turned regularly towards the sun and
in cloudy weather or weak sunlight there is no yield at all.

3. Effect of different beeswax sources and rendering methods on wax melting point (°C).

Extraction Beeswax sources

methods Comb Sufef Crudehoney Mean
Manual 63.4 61.7 64.0 63.0
Submerged 63.6 62.5 63.2 63.1
Solar 62.9 63.6 64.3 63.6
Mean 63.3 62.6 63.8

C.V. (%) 1.66

LSD (0.05) NS

Table 4. Effect of different beeswax sources and rendering methods on wax acid value.

Extraction Beeswax sources

methods Comb Sefef Crude honey | Mean
Manual 16.9 17.1 17.2 17.1
Submerged 19.9 20.1 18.6 19.5
Solar 20.6 20.9 20.2 20.5
Mean 19.1 19.4 18.6

C.V. (%) 3.54

LSD (0.05) NS

Table 5. Effect of different beeswax sources and rendering methods on saponification
clouding point (C") of wax.

Extraction Beeswax sources

methods Comb Sefef Crude honey Mean
Manual 86.8 94.9 99.0 93.5
Submerged 105.2 106.7 106.7 103.6
Solar 105.0 106.9 106.9 103.2
Mean 99.0 97.2 104

C.V. (%) 11.6

LSD (0.05) NS

Table 6. Effect of different beeswax sources and rendering methods on wax Easter value.

Extraction Beeswax sources

methods Comb | Sefef Crude honey Mean
Manual 69.9 77.7 81.8 76.5
Submerged 853 |79.0 88.1 84.1
Solar 84.4 76.9 86.8 82.7
Mean 79.9 77.9 85.6

C.V. (%) 14.11

LSD (0.05) NS

Note: P/s show the results of mean separation
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Conclusion and Recommendation

Beeswax extracted from crude honey has high quantity, quality. More over it has good light color,
uniformity in appearance and high market value. Among the extraction submerged method was
found easy and simple to render high quality beeswax. Therefore beekeepers, coopratives and
beeswax processores can use crude honey as source of beeswax and submerged extraction
method to produce high yield and quality beeswax.
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Abstract

Migratory beekeeping is carried to produce maximum honey yield through taking the advantage
of successive nectar flow and is more economical compared to stationary beekeeping. Even
though it is not widely practiced in Ethiopia, very few beekeepers practiced migratory beekeeping
to take the advantage of successive nectar flow through seasonally shifting resource patterns but
not yet quantified. The study was conducted in East and West Shewa to test the possibility of
migratory beekeeping for successful honey production. For the study 10 bee colonies (Apis
mellifera) were used in standard Zander hive and half of the experimental colonies remained as
stationary beekeeping and the rest colonies were migrated. Significant honey yield (P<0.05)
difference was observed among migratory sites and also between study zones. An average yield
of 27.245.1kg honey was harvested at Alage in June and after experimental colonies was
migrated to Alaba and an average of 25.243.1kg honey was harvested in November. Similarly, an
average of 16.86+3.6kg honey was harvested in Holeta in June and after colonies were migrated
to Dandi an average of 19.0+4.2kg honey was harvested in November. Seasonal patterns of bee
forage availability were assessed during field observation and the results revealed that 36 major
bee forage species were identified as an important honey plants. Major bee flora investigated
from honey samples wereinclude Eucalyptus globulus, E. comaldulensis, Croton macrostachys,
Dichrostachys cinera, Acacia spp, Guizotia scarba, Biddens spp, and Cordia africana .These
plants constitute about 73% of total honey plants species found in honey.
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Introduction

Migratory beekeeping is an established fact and profitable feature of commercial beekeeping in
developed nations (Clifford, 1924). Migratory beekeeping is carried to produce surplus honey
through taking the advantage of successive nectar flow and is more economical compared to
stationary beekeeping (Pilati and Boatto, 2014). Lack of knowledge on available bee forage
resources, its flowering phenology combined with the poor scientific support of migratory
beekeeping, honey production remains low despite the apicultural resource existing in Ethiopia
(Tolera and Dejene, 2014). High honey yields are not solely due to the bee species, but also due
to information on bee-plant relation and advanced bee management practices (Tolera and Dejene,
2014). Identifying and quantifying the pollen in honey samples is one of the best ways to
determine the range of bee forage species used to produce a honey at different seasons based on
actual bee flora resources (Atanassova et al., 2004).

With its great variety of climatic conditions and an exceptionally long season during which pollen
and nectar secreting flora is available in one area or another, migration of colonies is really
important dimensions (Sharma and Bhatia, 2001). It is more economical than stationary
beekeeping system as it does not only help in boosting honey production of beekeeper but also in
increasing productivity of cross-pollinated crops. This can be facilitated with knowledge of the
floral resources and evolving appropriate migration schedules for different beekeeping locations
(Sharma and Bhatia, 2001). Therefore, detailed study of migratory beekeeping is needed to
understand the differences of seasons in different locations and its importance for honey
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production. Therefore this study was intimated to investigate the effect of migratory beekeeping
on honey production, identify the major honey source plants and constraints of migratory
beekeeping.

Materials and methods

Study site selection

The experiment was conducted in East Shewa zone (Alage and Alaba) and West Shewa zone
(Holeta and Dandi) from September 2013 to June 2015. For the study 10 honeybee colonies (4pis
mellifera) were used in Zander hive and half of the colonies (five) remained in beekeeping station
at Alage TVET College and Holeta Bee Research Center. The remaining five experimental
colonies were migrated between the study areas: to Alaba in East Shewa and to Dandi for
experiments conducted in West Shewa depending on the seasonal availability of bee forage.

Bee forage availability and Calendar for colony migration were determined through field
observation of flowering plants at different seasons. Standard seasonal colonies management was
carried out equally for all colonies. Honey was harvested and samples from different harvest were
taken and analyzed for its contents of pollen to determine the major source of honey. For the
purpose ten gram of honey per sample was taken from stocks sample and dissolved in 25ml of
distilled water and centrifuged for 10 minutes and the supernatant liquid was drawn out. The
supernatant liquid was decanted off and the pollen sediment was transferred to the slides, covered
with cover slips and examined under the light microscope. The pollen count (that is the frequency
of the pollen of the different representative bee flora species) was taken and identified using
pollen atlas.

Results and discussions

Migratory beekeeping and bee flora characterization

The study revealed that, migratory beekeeping increases the honey production as compared to the
stationary beekeeping. Colony migration associated with seasonal changes in forage availability
and coincides with a period of reduced or declining floral abundance (McNally and Schneider,
1992). A detailed study of the floral resources at different sites of different seasons was presented
in (table 2). Accordingly several bee floral resource differences were exhibited within zones as
short and long gap of flowering. Depending up on flowering time of vegetation, migratory
beekeeping was scheduled to move bee colonies from resource poor areas to resource rich areas
(Alage to adjacent Alaba of East Shewa and from Holeta to Dandi of West Shewa). Honey was
harvested in different seasons of the year and, there was difference in honey yield among
migratory sites and between zones (table 1).

During May to June an average of 27.2+5.1kg of honey was harvested from Alage site
dominantly from Eucalyptus spps, and Acacia spp since they are found abundantly in the area.

On the other hand during June-August floral abundance was greatly reduced and no blooming
trees and shrubs were observed around Alage and hence the brood production is decreased to nil.
Colony migration was scheduled to move colonies from Alage to Alaba to utilize the flora
resources to produce surplus honey. From period of August-November around Alaba, it was
exhibited the greatest abundance of blooming plants from September to November. During this
period, the major blooming species consisted of long-blooming shrubs and weeds utilized. Multi-
flora species like Guizotia scabra, Bidens species, Trifolium species, Brassica spps, Cordia
africana, Hypoestes fokaolii, and pterolbium stellatum, Persea Americana, Ziziphus specie
utilized as source of nectar and pollen and colonies can produce surplus honey. Thus an average
of 25.2+43.1kg of honey/colony/was harvested after colonies was migrated to Alaba.

Similarly migratory beekeeping was scheduled in West Shewa Zone; honey yield was low with
an average production of 16.86+3.6kg and 19.0+4.2kg colony/season was obtained around Holeta
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and Dandi, respectively. Colonies dominantly utilized honey flow from Eucalyptus Spp in May to
June at Holeta. The migration of colonies were done to Dandi in late August to exploit Lathyrus
sativus, Caesalpinia decapetala, Justicia heterocarpa, Guizotia scarba, Datura arborea,
Trifolium spp and Plantago lanceolata.

Tablel. Average honey yield at different migratory sites

Area of migration N Mean SD Minimum Maximum
Alage 5 27.36 3.28 22.00 33.00
Alaba 5 25.20 3.61 18.00 31.00
Holeta 5 16.81 4.95 9.40 24.00
Dandi 5 19.05 3.58 12.40 25.00

The strength of colonies was seasonally assessed based on regular hive inspection and it was
found that migration is more important than maintaining colonies by artificial feeding in dearth
periods at permanent apiary. Alagae area is richly endowed with diverse bee flora resources
which play an important role in preserving the ecosystem of the area. The honey yield per colony
in Alagae and Alaba ranged between 22-33 kg and 18-31 kg/hive in Alage and Alaba respectively
as compared with 20-25 kg/hive produced elsewhere in the country. This was mainly due to the
rich bee flora (table 2) and good bee management techniques and favorable climate (Tolera and
Dejene, 2014). From this study, migratory beekeeping is important and the area has huge
potential to exploit the natural potential of the area and honey yield can be increased by two fold
as compare to actual production potential.

Table 2. Major bee flora resources and their time of flowering at each migratory sites

Migration | Major bee forage species Common name | Time of flowering

sites

Alage Eucalyptus comaldulensis Bargamo dima May- June
Eucalyptus citriodora November to May
Eucalyptus ficifolia November to May
Dichrostachys cinera Jirmee March to early June
Rhus spp Xaxessa September
Acacia Senegal Laaftoo April to May
Acacia tortilis January to May
Acacia seyal August to February
Ficus sur Harbu December to February
Cordia africana Wadessa October to March
Croton macsrostachys Bakanisa April to July

Alaba Eucalyptus globules Bargamo dima May- June
Guizotia scarab Hadaa September to October
Biddens spp September to October
Trifolium spp Siddisa September to October
Sorghum bicolor Bisinga September to October
Hypoestes trifoliam Dargu September to October
Cordia africana Waddessa October to March
ZizipussSpp Kurkura September to October

Holeta Eulyptus globules Bargamo adii April to June
Plantago lanceolta Qortobi September to
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November

Vernonia amygdalina Eebicha January to February
Trifolium spp Sidisa September

Ababo masqala September to
Biddens spp November

Gomena September to
Brassica carinata November

Bakela September to
Vicia faba November
Acacia abyssinica Laaftoo April to June
Hypoestes trifoliam Dargu September to October
Lathyrus sativus Gaayyoo October to November

Chickpea October to November
Caesalpinia decapetala
Justicia heterocarpa
Guizotia scarab Hadaa September to October
Guizotia abyssinica Nougii October to November
Datura arborea September to October
Trifolium spp Sidisa September to October
Plantago lanceolata Qortobii September to October

Pollen analysis of the honey samples

The areas selected for migratory beekeeping in Alage and Alaba have good potential for
sustaining beekeeping activities because of the diversity of nectar and pollen species. The range
in frequency of pollen occurrences of the honey samples varied widely in study area (Table 3).
Results from pollen analysis shown the dominance of Eucalyptus spp (32.6%) followed by
Dichrostachys cinera (29.5%) and Acacia spp (16.5%) in the pollen spectra of the samples
collected during honey harvesting from Alage site. Honey harvested from Alaba site in November
also showed dominance of the pollen species of Guizotia scarba (42.5%), bidens species (28.8%),
Ziziphyus (14.5%). Some species such as Trifolium species and Sorghum bicolor have a
secondary which is very important for supplying the honey bees with nectar and pollen.

In the honeys sample examined in June, the contribution Eucalyptus spp was found to be the
highly dominant at Holeta (86.8%). Moreover, Lathyrus sativas (43.6%) and Guizotia abyssinica
(14.7%) at Dandi are characteristics as common cultivated pollen load and nectar sources.

Table 3. The percentage pollen frequency from honey samples

No | Place Identified bee flora | Local Average Total average | % of each spp
species name pollen pollen in the sample
counted of | counted
each spp /sample
1 Alage | Eucalyptus spp Bargaamoo | 243 32.6%
Dichrostachys cinera Jirmee 220 29.5%
Acacia spp lafto 123 16.5%
Justicia schimperiana sansal 118 15.8%
Aloe europeana Argiisaa 12 1.6%
Grevillea robusta 21 3%
745
2 | Alabaa | Eucalyptus spp Bargaamoo | 70 5.9%
Zea mays Bogoolloo 13 1.1%
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Guizotia scarab Hada 500 42.5%
Cordia africana Waddessa 5 0.5%
Zizips spp Kurkura 164 14.%
Sorghum bicolor Mishingaa 20 1.7%
Trifolium spp Siddisa 65 5.52%
Biddens spp Keelloo 340 28.8%
1178
3 | Holata | Eucalyptus spps Bargaamoo | 912 86.8%
a
Acacia abyssinica Lafto badda | 13 1.3%
Hypoestes trifoliam Darguu 19 1.9%
Croton macrostachys Bakanisaa 106 10%
1050
4 Gincii | Plantago lanceolata Qorxabee 80 5.3%
Lathyrus sativas Gayyoo 655 43.6%
Guizotia scarab Hadaa 168 11.2%
Caesalpinia decapetala | Chick pea 330 22%
Guizotia abyssinica Nougii 220 14.7%
Justicia heterocarpa Aansalii 40 2.6%
Trifolium spp Siddisa 7 0.6%
1500

Profitability of migratory beekeeping

Migratory beekeeping could increase the honey production by at least 85% in a year and save the
feeding cost by 100% during dearth period. The average honey production in the stationary
beekeeping was 27 kg/colony/year with net return of 2700 birr (US$135)/hive. After colonies
were migrated, the honey production was 25 kg/colony/migration season with additional return of
2200 birr (US$125)/hive/ migration season. The net returns from honey production showed that
differences in cost structure are marginal between migrate and non-migrated colonies. The net
returns are almost one fold higher in case of migratory beekeeping compared to stationary
beekeeping.

Conclusions and recommendations

There is greater scope to increase the practicability of migratory beekeeping with the knowledge
of floral resources and developing appropriate migration schedules for different beekeeping
seasons. Migratory beekeeping increases the honey production twofold compared to the
stationary beekeeping and it reduces the feeding cost of honeybee colonies during floral dearth.
The diversified flora like Eucalyptus globulus, Eucalyptus comaldulensis, Croton macrostachys ,
Dichrostachys cinera, Acacia spp, Guizotia scarba, Biddens, Cordia africana have been
identified as reflection of common bee flora sources.

Clear information on applicability of migratory beekeeping is very important through tracking the
seasonal varying bee flora resources in time frames of colony migration. The placement of
colonies without formal agreement of landowner migrated area is more completed to manipulate
colonies to prepare for surplus honey production in time frame of colony migration. Therefore,
migratory beekeeping local strategies should be developed through coordination and
communication among beekeepers, landowners and stakeholders.
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Abstract

Diagnostic survey on major pathogens infesting the broods of honeybees (Apis mellifera
scutellata) with emphasis to American foulbrood (AFB) and European foulbrood (EFB) was
conducted in suspected zones of Oromia region. Purposive sampling was used to select peasant
associations (PAs) in each district and at least three apiaries were randomly selected from each
PAs. Random colony inspection and diagnosis for the clinical symptoms of respective brood
diseases was conducted for each apiary. From clinically suspected broods, about 15
abnormal/sick brood samples were drown out from cells and smeared on frosted microscopic
slide, then labelled for further laboratory confirmation. In the Laboratory, 10% nigrosine solution
was added on smeared samples and examined using Zeiss AxioVert A.1 light microscope under
Mgn.100X to confirm the presence/absence of brood disease causative agents such as
paenibacillus larvae and Melissococcus plutonius spore. The diagnostic result revealed the
absence of any observable clinical symptoms for the brood infection by AFB & EFB diseases in
all the studied areas. Moreover, laboratory diagnosis confirmed the non-existence of p.bacillus
larvae and M. plutonius spore in the diagnosis samples. Apart from this, significant infestation of
honeybee colonies by varroa mite (14-100%) was observed in all the studied areas. Out of 204
inspected honeybee colonies from 46 apiaries, 124 (60.78%) were infested by varroa mite. Chalk
brood is also another infectious brood disease detected in the colonies with average infestation
rate of 13.24%. The study suggested that honeybee colonies were free of devastating pathogens
like AFB and EFB diseases in the surveyed zones of Oromia, but significantly infested with
varroa mite and chalk brood disease. Further investigation with advanced tests is suggested in the
country at all to come into full understandings of devastating honeybee brood diseases in the
Ethiopia.

Keywords: American Foulbrood, EFB, honeybee, Chalk brood, Varroa ,

Introduction

Honey bees (Apis mellifera L.) are not only important for the honey and bees wax they produce
but they are also vital as pollinators of agricultural and horticultural crops sustaining global food
security, habitat conservation and ecosystem stability. Around 90% of the world’s food supply is
estimated to be pollinated by bees (Pilatic, 2012; Berenbaum, 2007; Delaplane et al., 200). In
Ethiopia, beekeeping provides significant additional rural employment and incomes, especially
for women who brew most of the tej. Furthermore, bee product commodities such as honey and
beeswax play an important role in earning foreign exchanges to the country. Beekeeping is
therefore an ideal activity as a source of income generation for small scale and resource poor
farmers in developing countries in general.

Despite the significant contribution of honeybees, there has been alarming evidence indicating
dramatic decline of colonies at unprecedented rates worldwide (Becher et al., 2013; Van der Zee
et al.,, 2012 and Potts et al., 2010). In recent years, serious losses of bees from beehives and
decline in bee populations have been reported from different directions (Potts et al., 2010) (Potts,
Biesmeijer et al. 2010). In particular, honey bees have been experiencing considerable decline in
U.S. and Europe, with yearly estimates of about 30% (Evans & Schwarz, 2011; van Engelsdorp et
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al., 2010; Oldroyd, 2007). The causes of these losses are not well known, although various
hypotheses have been forwarded, including Outbreak of diseases and pathogens, and pests,
pesticide poisoning, global climate change, habitat loss and modification (Cornman et al., 2012;
Nazzi F et al., 2012; Neumann P and Carreck N, 2010; Henry et al., 2012). Honeybee diseases
and pathogens are considered as driving forces for colony losses in most parts of the world.
Particularly, honey bee broods are attacked by a range of disease causing organisms such as
bacteria, viruses, , fungi and parasitic mites.

American foulbrood (AFB) and European foulbrood (EFB) are among the most globally
devastating brood diseases of the honeybees, caused by gram-positive rod-shaped bacterium
called Paenibacillus larvae (Graaf et al., 2006; Genersch et al. 2006) and Melissoccocus plutonius
(Bailey, 1983), respectively. Both pathogens are highly contagious diseases, potentially lethal to
infected colonies which are considered as major causes responsible for colony losses in U.S. and
Europe by OIE (Office International des Epizooties-the World Organization for Animal Health)
(Smith et al., 2013; Otten, 2003).

A review by Dietemann et al. (2009) showed that Africa was free of sudden honeybee losses,
which warrants stringent preventive conservation measures to avert the losses experienced in
other parts of the world. So far in Ethiopia, the existence of less economically important adult
honeybee diseases (Nosema apis and Melpighamoebae mellificae) and one economically
important brood disease (i.e, chalk brood) were reported (Gezahegn and Amsalu, 1991; Desalegn,
2006). Very recently, the occurrence of varroa destructor mite was reported in the country
(Dessalegn B., 2015). Despite these recent reports, knowledge on the occurrence of devastating
brood infectious pathogens (like, AFB and EFB) in Ethiopia is scanty. But, the clue from
suspected clinical symptoms for AFB and EFB diseases was reported by Amssalu et al., 2012) in
some parts of Eastern Hararghe and Bale zones. Making sure and confirm this in major suspected
areas remains vital.. Moreover, reports on the death of honeybee colonies due to unknown
reasons were repeatedly coming from different parts of Ethiopian regional states. Therefore, this
study was aimed to diagnosis and determines the infestation and prevalence rate of major
honeybee brood diseases with emphasis to occurrence of AFB and EFB diseases, particularly in
most suspected areas of Oromia region and to propose subsequent development interventions as
early as possible.

Materials and methods

Study sites

The diagnostic survey covered 15 districts in five major suspected zones of Oromia region,
namely: Gursum, Haramaya, Grawa and Mefa districts in East Hararge, Chiro and Darolab
districts in West Hararge, Ginir in Bale, Omo nada, Shabe, Dedo and Gomma in Jimma and
Yayo, Didu, Borecha, Nopa in Illuababora following the bee brooding and the main honey
producing seasons of the region. Purposive sampling was used to select the studied districts in
each zone, whereas random sampling was used in selection of apiaries and colonies. A total of
240 honeybee colonies from 15 districts and 46 apiaries were randomly selected and examined
for the important clinical symptoms of honeybee brood diseases using respective protocols
(Hornitzky, 1989).

Diagnosis for clinical symptoms of AFB and EFB

Foulbrood diseases have distinctive field symptoms which include characteristics of the brood
comb and the cell contents (Matheson and Reid, 1992). In randomly selected apiaries, about three
and above colonies were inspected for major clinical symptoms of brood diseases with emphasis
to bacterial foulbrood diseases. Typical clinical symptoms such as irregular brood arrangement,
sunken and dark capping with puncture holes, dead and decayed larvae with dark “scales” and
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slight to pronounced odor were examined for the occurrence of AFB in the colonies. Similarly,
twisted larvae with creamy-white guts visible through the body wall, melted and yellow white
larvae with unpleasant sour odour and loosely-attached brown scales were directly observed for
the infected colonies by EFB.

Furthermore, match stick test ( stretch test) was conducted for both diseases by inserting the
match sticks into the body of the sick and dead larvae and then gently removed to observe the
robby thread that adheres to the tip of the stick, stretching for up to 2.5 cm non breaking and
snapping back in a somewhat elastic way. This symptom called ‘ropiness’, typifies both AFB and
EFB with slight length and colour difference. From any suspected brood showing one of the
above important clinical symptoms, brood smear samples were prepared on frosted end
microscopic slide and legibly labeled for further laboratory diagnosis according to Primefact,
2009 (www.dpi.nsw.gov.au/primefacts) (Fig. 1). The smeared samples were then allowed to dry
in the open air and taken to Holeta bee research center, bee health laboratory for further
microscopic examination.

y
S

o
<
o |
Fig.1. Brood sample smears prepared on frosted microscopic slide (samples from Ginir)
Laboratory Diagnosis for AFB And EFB

To verify and confirm the suspected smeared brood samples during field inspection, microscopic
examination was undertaken in the laboratory for the characteristic strain of Paenibacillus larvae
and M.pluto spores using reference spores (Hornitzky & Wilson 1989). A total of 15 suspected
brood smeared from 8 apiaries of 4 districts namely; Gursum, Chiro, Darolabu and Ginir districts,
were moistened by a drop 10% nigrosine solution and examined for the presence of p.bacillus
larvae and M.pluto spores using Zeiss AxioVert A.l light microscope under oil immersion
(magnification power of 100X).

Diagnosis for chalk brood

Both external and internal inspection was conducted for the presence of chalk brood clinical
symptoms. Dry scales with white to dark colour moulds and chalk brood mummies were carefully
observed in the comb cells and on the bottom boards of the hives. Then, samples of mummies
were taken from positive colonies and microscopic examination takes place in the laboratory for
the presence of Ascosphoraera Apis spores using Zeiss AxioVert A.l light microscope under
magnification power of 40X.

Diagnosis for Varroa mite

During internal inspection, a sample of capped broods with size of 10 X 10 cm® was cut from
varroa suspected combs. The cells were uncapped using fine forceps and the developing larvae or
pupae were gently removed out on white paper. All the observed varroa mites with different
stages on the broods as well as in the brood cells were collected and placed in the might-tight
container. Then the collected mites were counted to determine its infestation rates.

Percentage infection and distribution rate for existed diseases was established using the following
formula:

Infection rate (%) = Positive # of bee colonies x 100
Total number of bee colonies examined
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Distribution/prevalence (%) = # of sites diseases positive x100
Total number of sites surveyed

Result and discussion

The results of the study indicate that there were no clinical symptoms for the infection of AFB
and EFB diseases in all the surveyed zones. Healthy brood pattern with normal larvae
development were observed in surveyed areas. In study areas of W/Hararge, Jimma and
Illubabora zones, very strong colonies with fully sealed honey was observed, indicating the non-
existence of devastating pathogens in the areas (Fig.2).

Fig.2. Healthy colony with normal b}obd pattern (a), sealed pupae (b) and sealed honey (c)
from Daro Labu, W/Hararge

Relatively, bee colonies in E/Hararge and Bale zones were weaker in spite of the absence of
bacterial foulbrood clinical symptoms, but with prominent colony infestation with varroa
destructor mite and chalk brood. Varroa mite is existed in all the surveyed areas with infestation
rate of 74.19%, 14.29 %, 100.00%, 66.67%, and 55.56 % in E/Hararge, W/Hararge, Bale (Ginir),
Jimma and Illuababora zones, respectively (Table.1). Moreover, clinical symptoms for the
infection of chalk brood is observed in some districts of East Hararge (Reba, Nole & Illalami),
West Hararge (Chiro Qala) and Illuababora (Gambo, Giche, Bondo and Wabo) zones with mean
infestation rate of 16.13%, 14.29% and 30.16%, respectively (Table.1). Surprisingly, some bee
colonies in Daro Labu district of W/Hararge and Gomma and Shebe districts of Jimma zones
demonstrated strong and aggressive behaviour despite the fact that they are heavely infested by
varroa mite. This may be attributed to exceptional tolerance of African honeybees due to their
grooming, hygienic (Spivak & Reuter 2001), and absconding behaviours (Fries & Raina 2003).
These inherent behaviours enable honeybees of Africa and that of Ethiopia in particular to avoid
complete dissemination in the case of a disease or pest outbreak. It is also reported that African
honeybees possess individual immune responses in the form of cellular and humoral immune
responses which ensure maintenance of their health status (Evans et al. 2006; Weinstock et al.
2006). This condition is most likely one important reason for the absence of AFB & EFB diseases
in Ethiopian honeybees (Amssalu et al., 2012).
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Table 1. Occurrence and infection rate (%) of honeybee brood diseases in surveyed zones of
Oromia region

Zones No. Colonies %+ve %+Ve %+tve ﬁ::;'eoa
districts (N) AFB  EFB CBD mite
E/Hararge 4 31 0.00 0.00 16.13  74.19
W/Hararge 2 21 0.00 0.00 14.29  14.29
Bale (Ginir) 1 11 0.00 0.00 0.00 100.00
Jimma 4 78 0.00 0.00 0.00 66.67
Illuababora 4 63 0.00 0.00 30.16  55.56
Total 15 204 0.00 0.00 13.24  60.78

Despite the absence of clinical symptoms of AFB & EFB in the study areas, varroa mite is still
confirmed to be the most prevalently distributed honeybee disease. Distribution rate of varroa
mite in Jimma and Bale Zones (Ginir) is much higher than in West Hararge zone. Hundred
percent prevalence rate of varroa mite was demonstrated in Jimma and Bale zone, followed by
[lluababora (85.81%) and East Hararge (81.82%) zones. Similarly, chalk brood was relatively
more prevalent in moist areas of Illuababora (42.86%) and not observed in hot areas of Bale and
Jimma zones (Table. 2). Similar with the study by Aster et al., (2006), CBD is more prevalently
distributed in wet and moist ecological zones of the study areas. This is may be due to
Ascosphaera apis, the causative agent of the pathogen, best fits to wet ecologies. Notably,
different honeybee pests such as wax moths, small hive beetle (Athina tumida) spiders, ants,
wasps were observed as leading pests in most inspected colonies during the diagnostic survey and
thereby identified as potential problem for the beekeeping industry in the study areas.

Table. 2. Occurrence and distribution rate/prevalence (%) of honeybee brood diseases in
surveyed zones of Oromia region

Zones No. Apiary %tve %+tVe %tve  %tveVarroa
districts sites (N) AFB EFB CBD mite

E/Hararge 4 11 0.00  0.00 27.27  81.82
W/Hararge 2 4 0.00  0.00 25.00  25.00
Bale(Ginir) 1 3 0.00  0.00 0.00 100.00
Jimma 4 14 0.00  0.00 0.00 100.00
llluababora 4 14 0.00  0.00 42.86  85.71

Total 15 46 0.00 0.00 21.73  84.78

The result of laboratory examination verified the absence of p. larvae and M. pluton spores in line
with the field diagnosis for clinical symptoms (Table. 3). The non-existence of p. larvae and M.
pluton spores under laboratory investigation demonstrates the absence of AFB & EFB,
respectively in each sample. Although the samples were collected from sick and dead larvae, our
investigation revealed that the larvae mortality from which each sample was collected is not due
to bacterial foulbrood infections. This agree with the idea that aspects like absconding and
distinctive hygienic behavior such as removal of diseased larvae from cells, grooming may
contribute to the absence of American and European foulbrood in sub-Saharan Africa (Spivak &
Reuter 2001; Fries & Raina 2003).

_____________________________________________________________________________________________________ K



Livestock Research Proceeding
|

Table 3. Microscopic investigation for the presence/absence of p. larvae and M. pluton
spores in each sample

Sample  Sample Code Sample origin +ve p.larvae +ve M . pluton Remark
No. (N) (Location) spores spores
1 Gur0l Jalel 0 0

2 Gur02 Nole 0 0

3 Gur03 Ilalami 0 0

4 Chiro01 Chiro qala 0 0

5 Chiro02 Chiro qala 0 0

6 Daro01 Jilbo 0 0

7 Daro02 Jilbo 0 0

8 Daro02 Jilbo 0 0

9 Gin01 Chancho 0 0

10 Gin02 Chancho 0 0

11 Gin03 Jambare 0 0

12 Gin04 Jambare 0 0

13 Gin05 Ginir 01 0 0

14 Gin06 Ginir 01 0 0

15 Gin07 Ginir 01 0 0

** Number of samples (N), sample code is district initial with sample No., and sample origin is
geographical origin of sample (PA).

Conclusions and Recommendations

Our study verified that honeybee colonies in the studied areas are relatively free from most
globally devastating brood diseases such as AFB and EFB. This study substantiates the
hypothesis that bacterial foulbroods may be absent from large parts of Africa which might be due
to their strong hygienic and absconding behaviors enabling them to avoid complete dissemination
in the case of a bacterial brood disease outbreak. However; varroa mite and chalk brood diseases
are the only brood diseases detected in most studied areas. As a result, the sporadic bee larvae
deaths occurred in most suspected areas might be associated with the recently reported infection
of colonies by varroa mite or chalk brood, or other biotic and abiotic factors.

Although the study revealed the absence of any clinical symptoms for the infection of AFB and
EFB in all the studied areas, it is difficult to come into conclusion that Ethiopia is free of such
pathogens as the large parts of the country were untapped. Moreover; the ongoing risks associated
with illegal importation of honey and beekeeping related equipments, apiary products and used
appliances will not guarantee for the situation to remain the sameso that our bee colonies are free
of contagious pathogens. Though the current diagnosis is entirely based on the clinical symptoms
in the field inspection and routine laboratory examination, to be accurate, specific and sensitive
detection methods may be required to ensure the absence of the bacterium from suspected
materials. Therefore; future studies should look in to advanced biochemical, molecular, biological
and bacteriophage sensitivity of suspected bacterial strains, as alternative techniques to identif P.
larvae and M .pluton for the occurrence of AFB and EFB, respectively in the untapped areas of
the country. In addition, detection and documentation of whether or not spores of AFB and EFB
can be found in imported honey is also highly recommended so that regular monitoring of
colonies all over the country will be established at the national level.
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Abstract

The study was conducted to investigate the effects of small hive beetle on honeybees and testing
the effectiveness of different control methods. A total of 32 honeybee colonies were assigned into
four treatment groups: seasonal colony management, hive entrance modification, trapping of
small hive beetle larvae and control groups. Data on bee population, brood areas, and infested
comb and pollen and nectar store areas were recorded using Liebefeld method (frame unit area,
10 x10 cm’) at every 21 days. Also, records on small hive beetle infestation rate, average honey
vield and absconded tendency of bee colonies were taken. The result indicates that there is
statistically significant difference (P<0.05) between treated and untreated colonies with high
infestation rate and absconding tendency of the untreated colonies reaching about 80% and
7.334+2.6, respectively. Highest mean honey yield (25.5 kg/hive), and lowest (6.3kg/hive) was
recorded in seasonal colony management and in control groups, respectively. Significantly
greatest bee population, brood area and pollen and nectar stores were also registered in
seasonal colony management groups followed by hive entrance modification. Hence, providing
bee colonies with proper seasonal management strategies is seen as to be the best option for the
minimization and control of small hive beetles.

Key words:, infestation, honeybees,Smal hive beetles, contro

Introduction

Beekeeping is one of the major incomes generating agricultural activity for rural households and
other smallholder communities. It provides substantial benefits to address household’s food
security and poverty alleviation through income diversification for beekeepers in potential areas.
Bees are important pollinators of crops and about one third of plant products eaten by humans
depend directly or indirectly on bees for their pollination (FAO, 2009). However, the current bee
colony decline and losses due to some of identified and unidentified pests and diseases are
reported from different corners of the world (Potts, et al., 2010; Neumann, P. and N. Carreck,
2010; Higes, et al., 2008; Martin, S. 2001). The diseases and pests of honeybees are known to
cause the deaths and decline of colonies and subsequent reduction of honeybee products and have
negative impact on honeybee pollinated crop yield.

Small hive beetle ‘SHB’, Aethina tumida (Murray) is a pest and scavenger of honeybees and
other bee colonies (Neumann and Ellis, 2008; Neumann and Elzen, 2004; Hepburn and Radloff,
1998). It is a major threat to the long-term sustainability and economic prosperity of beekeeping
and as a consequence, to agriculture and the environment through disruption of pollination
services. The beetle is indigenous to Africa, where it is considered as a minor pest of honeybees
(Mike. B & James .M, 2003), and until recently was thought to be restricted to the continent. The
distribution of this pest in the same continent is primarily in Sub Sahara, which includes wide
range of climatic zones (Aphis, 1998; Taber, 1999b). However, in 1998 it was detected in Florida
and is now widespread in the different states of USA (Michael, 1998). In Ethiopia, the beetle was
detected for the first time in southern and south eastern parts including; Teltele, Konso, Moyale,
Segen, Moga and KeyAfer districts in 2000 (Dessalegn & Amssalu, 2001). Eight years later the
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pest was found with high distribution and prevalence rates in most beekeeping potential areas of
the country (Amssalu B. et al 2009).

The general SHB’s biology is fairly well understood. Female beetles deposit clusters of eggs in
cracks and crevices along the edges of frames and in capped brood. Eggs hatch in 24-48 hours
and the larvae feed for the first 7 days on honey, pollen and bee brood and eggs. Larvae moult
their exoskeletons as they grow, reaching maturity in about 10 days. At this time they become
attracted to light and migrate out of the hive and into the surrounding soil. They typically burrow
into the ground, or to where the moisture level is suitable for pupation (Zawislak, J. 2010). Upon
eclosion from the ground, adult beetles search for honey bee colonies, probably identifying the
host colony by a suite of olfactory cues (Zawislak, J. 2010; Elzen et al. 1999). Studies have
shown that beetles fly before or just after dusk and odor from various hive products (honey,
pollen) and particular pheromone from adult bees (isoamyl acetate) are very attractive to flying
beetles (Schmolke 1974; Elzen et al. 2000). They are strong fliers from hive to hive, and between
apiaries in search of suitable places to get food and to reproduce.

The larvae and adult small hive beetle are considered as destructive pest of honeybee colonies,
causing damage to comb, stored honey and pollen. As the larvae make tunnels through the combs
it feeds and defecates on honey and consequently causes discoloration and fermentation of the
honey (Fletcher and Cook 2002, Fell, 1999). Research shows that in highly infested colonies
where larval feeding is extensive, the bees are generally forced to leave their hive (Suazo and et
al, 2003, Fell, 1999). For example, in the US, it has attended to cause a considerable damage to
honeybee colonies and depressingly affecting the beekeeping industry (Sanford, 1998, Morse and
Calderone, 2000, Elzen et al., 1999; Hood, 2000, Fell, 1999, Caron, 1999).

Small hive beetle didn't get attention in general in Africa and considered as a minor pest for a
long period of time. As a result, little progress has been done to determine its effect on
beekeeping industry in most places where it is widely exists. This condition gave the pest
sufficient time to widely spread in the continent and cause severe reduction of beekeeping
production. To this fact, the realistic effect of small hive beetle on our honeybees’ has not been
yet investigated, beyond its existence and distribution has been reported in different regions of
Ethiopia. Moreover, no attempts have been made to develop control/preventive mechanisms of
the pest to minimize its effect on beekeeping production in the country. Therefore, the purpose of
this study is to investigate the economic importance of this pest on honeybees and bee products
and hence to generate a pragmatic prevention and/or control measure at our country situation.

Material and method

The study was conducted at Bakko apiary site to determining the effect of small hive beetle on
honeybee populations and bee products and to generate effective control/preventive method. A
total of 32 honeybee colonies having the same population & free of small hive beetle were
randomly assigned in to four groups (each with eight colonies): Seasonal colony management,
Trapping small hive beetle larvae, Regular entrance modification and Control groups. The
effectiveness of each treatment to prevent the SHB infestation was evaluated under uniform
environmental conditions and compared with the control group (colonies left untreated). Data on
bee population estimate, measurements on brood areas, infested combs and, pollen and nectar
store areas were recorded using Liebefeld method (frame unit area, 10 x10 cm?) at every 21 days.
Data on average honey yield per harvest/colony and colony absconding tendency was also
recorded for each treatment during the study period.
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Seasonal colony management (T1)

Seasonal colony management was manipulated to strengthen the colonies via supplementary
feeding, timely suppering and suppers reducing, removing the unoccupied frames, regular hive
cleaning to remove comb debris. Each colony was given a 1 kg of sugar solution (1sugar: 1 H20)
once every 7-10 days of the dearth period, followed by regular colony inspection and follow up.
Moreover, extra suppers’ reducing (when the colonies became dwindled), regular hive cleaning,
removing and changing old combs and removing unoccupied frames were performed to maintain
bee colonies healthy and strong.

Small hive beetle larvae trapping (T2)

This treatment was applied to trap the wandering and crawling of SHB larvae intended to fall in
the soil for the pupation process. Eight strong and uniform colonies were selected for this
treatment and dead brood traps were fitted at the entrance of each hive under the landing boards.
Each trap was made from wooden boxes with upper side fitted by mesh wire to let bees fly and
perform regular activities without any hindrances. Wandering beetle larvae were expected to fall
into the trap as they attempt to exit the hive to pupate. This was designed to cease the life cycle of
small hive beetle by hindering the larvae from pupation stage and inhibit the developmental
process of small hive beetle. Every 21 days, accumulated larvae of SHB (dead and alive) in the
trap were collected and removed including other debris and dead bee broods removed by bees
from the hives.

Modifying the regular hive entrance (T3)

Eight SHB free honeybee colonies, consisting of single deep hive bodies was set up for this
experiment. After colony set-up, the regular entrance of hives were blocked and sealed tightly
with a piece of woods and new entrances consisting of % inch (2-cm, ID) bamboo pipe were
installed 3-4 inches (7.6 -10.2cm) above the bottom board. All cracks or holes in the hives were
sealed to hinder the entrance of small hive beetle from these cracks. Every 21 days, number of
adult beetles were counted and removed from the hive.

Control group (T4)

Eight uniform colonies were exposed to small hive beetle infestation and used as control group.
In this case the colonies were left unmanaged, unfed and exposed to invading beetles until end of
the experiment. This group was used to compare the results of other treatments with regard to
small hive beetle infestation, colony absconding tendency and average honey yield. Every 21
days after colony set up, data was collected to determine the magnitude of SHB effect on bees
and bee products.

For all treatments, pieces of corrugated cardboard (45 cm x 45 c¢cm), with one surface peeled to
expose the ridges were place on the bottom board of each bee hive with the ridged side down.
Underneath of the frames on the bottom board were covered with mesh wires which allow SHB
to enter and hide in the corrugations, but exclude honey bees to fit the bottom board. The inserts
were removed and replaced every 21 days to examine small hive population measure.

All the collected data was organized by Microsoft excel and analyzed using descriptive statistical
analysis of variance ANOVA of SAS version 9.0. Tukey’s honest significant difference (HSD) at
5% level of significance was used for mean separation.

Result and discussions

The result of the study indicated that there is statistically significant difference (P<0.05) between
treated and untreated colonies with regard to small hive beetle infestation rate and hive product
production. Significantly higher mean bee population, brood area, pollen and nectar stores
72246.51, 136+7.4, 55.3+3.72 and 213+8.4, respectively were recorded in seasonal colony
management groups (Table.1). However, the amount of brood area, pollen and nectar stores did
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not significantly differ (P > 0.05) between colonies treated by hive entrance modification and
small hive beetle larvae trapping, but significantly higher than control groups (Tablel).

The study indicates that, as the highest number of adult beetles found in the hive, less amount of
bee brood, pollen and nectar stores were recorded indicating that SHB has caused substantial
reduction in bee products (probably by feeding and ovipositing on brood, pollen and nectar)
which in turn lead the queen to cease egg laying and eventually decrease bee population (Fletcher
and Cook 2002, Fell, 1999). To this fact, the highest SHB population rate (79.67%+7.6) with
greater comb damage (36.67+1.56) was recorded in colonies left untreated (T4) which most likely
indicates the strong correlation between SHB population and infested combs (Table. 1). In
contrast, less damaged combs were recorded in seasonally managed colonies, and not
significantly differ when compared to small hive beetle larvae trapping and hive entrance
modification. This agrees with the study of Zawislak, J. 2010 that showed that good beekeeping
management practices both in the apiary and in the bee hives are sufficient to tackle the effect of
small hive beetle.

Tablel. Mean + SE of bee population and bee product area measures (with frame unit area,

10 x10 cm?)

Treat Honey bee Brood Pollen Nectar Adult SHB Infested

ments  Population area area area beetles Combs

T1 722+6.51° 136.00+7.4°  5533+3.72° 213+ 841* 14+3.21° 1.30+ 0.33°

T2 284+7.00° 98.67+3.33"  49.00+7.37° 122+ 8.88" 16.33+2.6"  2.33+0.88"

T3 350.6+4.8° 122.67+17.6° 4033+1.85° 113+9.86° 16.0+4.58*  3.00+ 0.57°
28.33+

T4 53.0+22.6° 17.67+3.93°  12.67+0.88°  9.5° 79.67+6.7°  36.67+1.56"

* Values are mean + standard error. In columns total means followed by the same letters are
not significantly different at p<0.05 using Turkey’s Standardized Test (HSD). T1: Seasonal
colony management, T2: Small Hive beetle larvae trapping, T3: Modifying regular entrance,
T4: control group.

To determine the effect of small hivebeetle on honey yield, honey was harvested from each
treatment during active seasons and compared with control group. Acordingly, the highest mean
honey yield was recorded in seasonal colony management with mean value 25.5 kg/hive, and the
lowest yield was recorded in untreated colonies (6.3kg/hive) (Fig.1). Colonies exposed to the
infestation of SHB clearly reduced the amount of honey stores by three folds and in turn
decreased other hive products. This difference could be due to the feeding habits of both adult
and larvae beetles on honey and nectar (Lundie 1940; Schmolke 1974). Moreover, colony stress
conditions due to small hive beetles or other pest infections might also generally contribute for
the honey yield reduction in untreated colonies. Colonies treated by trapping of SHB larvae and
hive entrance modification showed almost similar amount of honey yield per hive/ harvest time
(Fig. 1). This similarity might be due to the obstruct of SHB larvae from pupation in the soil
which in turn blocks the life cycle of the pest.
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Avarage honey yield (Kg) per harvest time
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Fig .1 Comparision of honey yield between the treatments during honey harvest time

In order to investigate the seasonal dynamicity of small hive beetle population and its infestation
level, data on adult beetle population and comb infestation were taken every 21 days of the month
during the study periods. Accordingly, higher SHB population and infected combs were recorded
in months from July-August and February-April (Figure 2.) This suggests that honeybee colonies
prominently affected by SHB following the dearth periods as bee colonies are weak during this
period and less likely defend themselves against pests and diseases (Schmolke, 1974; Anderson et
al. 1973). In line with this, higher bee population and brood area measure was recorded during the
active periods, in months between September-November (Figure 1).
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Fig 2. Seasonal effect of SHB on honeybees and bee products

In addition, absconding tendency of bee colonies was evaluated by the ratio of colonies evacuated to
the number of colonies used for each treatment under uniform environmental condition. In this case
a fewer number of bee colonies were absconded in seasonal colony management (20%, Or
1.67+1.3), while the highest percentage of colonies were absconded in the untreated groups (92%,
Or 7.3342.6 %) at the end of the study period (Fig. 3). This suggests that, colonies exposed to
infestation of pests, including small hive beetle are forced to leave their nest and abscond. This is
of particular interest because most African honey bee subspecies readily abscond in response to
]
|
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nest predation (Hepburn and Radloff, 1998). However, other factors (colony disturbance, nectar
dearth, etc.) might be also causes honeybee colonies to abscond and not merely the presence of
large numbers of adult beetles.

Colony absconding tendency in three years*

9
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Fig 3. Comparison of colony absconding tendency due to SHB under treatments

* Absconding tendency was evaluated by the ratio of colonies evacuated to the number of colonies
used for the experiment in three years.

Conclusion and recommendations

Even though small hive beetle (Aethina tumida, Murray) is thought to be a minor pest in Africa,
our study reveals that the pest can potentially affect honeybees and bee products of colonies that
lack proper management. Under poor beekeeping management, the beetle can cause significant
damage to comb, pollen and nectar stores which in turn lead to higher reduction in honey yield.
The beetles can also promote structural collapse of the nest and colonies to abscond under sever
infestation. Our data shows that the extent of beetle-associated damage most likely depends on
the type of colony management practices, among other factors. Colonies with poor management
in general are more vulnerable to small hive beetle infestation than colonies provided with regular
treatments. In general, higher infestation of small hive beetle appears more successful in weak
and stressed colonies which adversely affect all aspects of beekeeping, including honey
production and pollination services. This mainly occurred in months from July-August and
February-April following the dearth period, so that honeybees less likely defend themselves
against pests and diseases during this season.

Therefore, the result of this study indicates that maintaining colonies healthy and strong via
proper seasonal colony management is the most effective way to minimize the threat of SHB. In
addition to this, trapping the beetles’ larvae by dead brood trap might also slow down beetle
population, as this can cease the pupation of larvae in the soil and then obsolete its life cycle.
Hive entrance modification by sealing and replacing the regular hive entrance with bamboo pipe
can also reduce colony invasion by adult beetles. Future research should look in to investigation
of botanical pesticides and biological controls (such as; soil-dwelling entomopathogenic
nematodes) against SHB control.
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Abstracts

The study was designed to identify effective wax moth preventive and/ or control management
practice(s) to minimize the damage inflected by this pest. The management preventive practices:
strengthening honeybee colonies via feeding, reducing the suppers and un occupied combs, the
combination of these practices and trapping wax moths that are intended to enter beehives were
evaluated for their effectiveness to prevent wax moth infestation for three years and compared
with control (group of colonies that did not receive treatment). Statistical significant variation
was observed among the treatments (p< 0.05). Significantly low wax moth infestation level and
high honey yield were recorded when all management packages (feeding, reducing super and
unoccupied frames) were applied compared to control (P<0.05). Wax moth infestation level was
reduced by 82.3% using this package. The prevalence of wax moth is higher during dearth
period (Dec to March) in the study period.

Keyword: Wax moth, Honeybee Pest, management practices, infestation, prevalence

1. Introduction

Wax moth is an insect in the order Lepidoptera that can eat and destroy the honeybee combs
where the bees can store pollen, honey and lay eggs for their normal activity. It is the wax moth
larvae (Caterpillar) that are very destructive and can quickly destroy bees wax combs. Wax moth
is widely distributed throughout the country and is reported the most troublesome pest of
honeybees. The study on the economical importance of this insect in Southwest, East and west
show zones revealed that the wax moth causes the losses of 460.9 tones of honey, 8 tones of
beeswax and absconding of 39,546 honey bee colonies in a year which worth about over 10
million Ethiopian Birr (Amssalu B; unpublished). The incidence and severity of the pest
increased from time to time dramatically and causing great economical loss on beekeeping
industry in different parts of the countries.

Hence, developing various wax moth preventive methods that enables the beekeepers to protect
his colonies from wax moth attack is a paramount important. Though different chemotrapuetical,
biological and managemental practices were exercised in different parts of the world to control
the effect of wax moth, the former is not recommended to apply due to some chemicals its
residues in the wax, which can kill bees or contaminate honey stores (Jon L., 1990). Russell G.,
(20006) stated that it is the bees themselves that are the most effective to control natural enemies,
such as wax moths. The strong, health & populous colony of honeybees carry the moths out of
the hive and prevent any damage by the larvae. It is only when the colony has been weakened by
disease, starvation, or other means that the wax moth succeeds in seriously damaging inhabited
combs (James E., 2002). But no specific strategy has been universally adopted by beekeepers
around the world. Therefore this is to test some of managemental practices and select effective
and that can be easily applied to our farmer's condition to minimize the damage.
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2. Materials and Methods

The study was conducted at Bakko apiary site from July 2009 to June 2011, where the infestation
of wax moth is high. The management preventive practices (strengthening honeybee colonies via
feeding, reducing the suppers and placing the frames and boxes in well aerated areas, removing
the unoccupied frames and all the above management together and trapping wax moths were
evaluated for their effectiveness to prevent wax moth infestation. These management practices
were selected as they were easily practiced under farmer's condition. The efficiency of these
treatments was compared with the control ones (colonies left untreated).

Five honey bee colonies that are free from wax moth were assigned to each aforementioned
treatment at random. Reducing the suppers was applied for those honeybee colonies having one
or more suppers. Suppers was reduced on time when the colonies dwindled and the removed
frames and boxes were placed in well-aerated place and reused when necessary. Removing the
unoccupied frames applied to colonies in the base hive. When colonies were dwindled and move
to one side of the hive, the frames that was not occupied by honeybees were removed and placed
in well-aerated place and was reused when necessary. 1kg of light sugar syrup (1 sugar: 1 H,O)
was given once every month in the dry season for group of colonies in feeding treatment.

Honeybee colonies under all treatment receive all necessary management practices (feeding,
reducing supper at right time, and removing unoccupied frames). Wax moth trapping was
conducted in separate site 500m away from the other treatments. 1 cup of H,O, 1 cup of sugar, 1
banana peel and % cup vinegar was added in to 2-liter plastic coke bottle that has 1-inch hole just
below its neck and waited a few days till it starts to ferment. The fermented solution was hanged
on to a tree close (2m) to the experimental honeybee colonies to attract adult wax moth that
intend to enter the hives and number of adult wax moths drawn in the solution was recorded.

The control groups were received no any manage mental practices mentioned in above treatments
and were used to compare the results of the treatments in both sites. Data on wax moth
infestation, honeybee population, number of broods, nectar and pollen were collected every other
21 days throughout the study year using liebefield method (Gerig, 1983) and analyzed using
ANOVA procedures. To detect where statistically significant mean differences occurred, the post
hoc Tukey mean comparisons test (HDS) was used at level of 0.05.

The reduced wax moth infestation level by the treatment was calculated using the following
formula:

Mean wax moth infestations in all treatments — Mean wax moth infestation in control X 100
Mean wax moth infestation in control groups

Result and discussion

The results indicates that there was statistically significant difference among the treatments in
minimizing wax moth infestation level (P<0.05). Significantly low wax moth infestation level
and high honey yield were recorded when all management packages (feeding, reducing super and
unoccupied frames) were used compared to control (P<0.05). There was no significant difference
in reducing wax moth infestation among the individual treatments and between each treatment
and control (P>0.05). More over significantly higher brood and honeybee populations were
recorded in treatment received all management packages compared to all the rest treatments and
control (table 1).
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Tablel. Mean comparison of wax moth control methods in prevention of wax moth

infestation
Treatment Brood Pollen Nectar Infected comb  Bee pop Honey yield
[Feeding 23.72+2.28D 11.02+1.40 b 56.63+4.87ab  2.73+0.24ab  71.01+3.84Db 9.88+2.35.b

IReducing un24.41+1.93b 1233+1.61b  50.29+3.25ab 3.1+ 0.2lab  68.95+3.28b 5.50+0.87 b
loccupied frame
Reducing super 30.80+2.82ab 15.5 +1.99ab 56.47+4.23ab 2.9+ 0.20ab  68.40+3.64b 10.1+1.33a

IAll management 34.38 £2.86 a 13.84+1.87b  65.01£5.21a 1.3 0.11b  90.54 +543a 13.8 £ 2.6a

[Trapping 23.84 + 2.1b 20.39+2.4a 58.26+ 5.4ab 5.78+0.34a  78.68 +4.72ab 9.8+2.23 b

IControl 2373+ 280D 13.75+1.95b 4355+ 45b 734+048a 6587 £520 525 £1.25b
***Means with the same letters are not significantly different at (P<0.05) using Turkey’s

Standardized Test (HSD).Figures in the left are unit area; lunit area = 10cmX10 cm) except
honey yield which is in kg, while figures in the right represents standard errors).

In general the wax moth infestation level was reduced by 82.3% using all management packages.
This implies that the combined actions: timely reducing the supers, reducing unoccupied combs
and feeding while honeybee colonies dwindle, significantly reduce wax moth infestation and
subsequently yielded better honey production compared to each of this measure but reducing
super. This is attributed to the fact that honeybees could prevent the combs from infestation of
wax moth as all combs in the hive are under their supervision and combs out of honeybee control
have been removed on time. More over feeding light sugar syrup strengthen honeybee colonies to
defend their hives from intruders. This is in agreement with the finding of Russell G. (2006) who
indicated that, it is the bees themselves that are the most effective natural enemies of wax moths.
James E. (2002) also indicated that the strong, health & populous colony of honeybees carry the
moths out of the hive and prevent any damage by the larvae.

Wax moth infestation level significantly varies over the months of the year and it was higher
during Dec to March and a more evident elevation during February to March (Fig.1). This was a
time when the honey bee population gets lower due to inadequate feed resources, in the study
area. On other hand wax moth infestation was lower during July to November (Fig.1) when
population of honey bee increased as the result of availability of bee forage. This implies that wax
moth causes damage on honeybee colony when it gets dwindle and is less important pest for
strong honeybee colonies. This concord the findings of James E. (2002) who showed that it is
only when the colony has been weakened that the wax moth succeeds in seriously damaging
inhabited combs.
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Fig 1. Mean honey bee and brood population, nectar and pollen store, and wax moth
infestation in months of study period (figures on Y axis are unit area; lunit area = 10cmX10
cm)

4. Conclusion and Recommendation

Wax moth is pest to beekeeping industry causing extensive losses to beeswax, absconding and
dwindling of honeybee colonies and subsequent honey yield reduction. Wax moth prevalence is
higher in dearth period when there is shortage of forage and colony dwindles. Though,
chemotrapuetical and biological practices were used in different parts of the world to control wax
moth infestation, they are not safe, available and cheap to use it in our country. Management
package: feeding, reducing supers and removing unoccupied combs effectively minimized the
wax moth pest when applied on time, during dearth period. Though, feeding, reducing supers and
removing unoccupied combs contributed to the reduction of wax moth infestation when applied
separetly, they are not as effective as their cumulative effect when applied in their respective
time. Thus instead of using each treatment mentioned above alone it is important to combine and
apply them when deem necessary to effectively reduce infestation. Strengthening honeybee
colonies via feeding light sugar syrup during shortage of store, reducing the supper(s) from one or
two stores of hives when honeybee colonies weakened and occupy only small portion of the hive
and remove unoccupied frames or combs from the base and placing frames or combs and boxes in
well aerated areas during the dearth period were highly recommended to prevent and/ or
minimize wax moth infestation. These managemental practices are the cheapest and friendly to
prevent and /or minimize wax moth infestation and obtain optimal hive products
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Abstract

The recent decline of honey bee population raises speculations from different angles. Exposure to
poisoning substances is proposed as prime factor for honeybee deaths and colony reduction.
Euphorbia contifolia, commonly known as “key abeba” is suspected as poisonous plant to
honeybees and other animals in different regions of Ethiopia. An attempt was made to test the
phytotoxic effect of this plant on honeybees in Illubabora and Jimma zones of Oromia region.
Questioner survey and controlled experiment were used to assess the effect of E.contifolia on
honeybees during its flowering season. In the controlled experiment, 10 honeybee colonies (5
treatments and 5 controls) were used. The 5 experimental colonies were exposed to forage on the
plant, and the rest 5 control colonies were placed in Euphorbia free areas to hinder foraging on
the plant. Data on number of dead adult bees and dead broods were counted at every 3hr, 4hr,
Shr, 6hr and 12hr of the day for five consecutive days. The result indicates that on average, about
52 % of the respondents of the two zones suspected that E. contifolia causes death and narcosis
of foraging bees. In contrast, the mean mortality rate of adult and brood bees between the
treatment and control group did not significantly differ (P > 0.05), and no any narcosis symptom
observed. Furthermore, good performance and wellbeing of bee colonies were observed during
the abundantly blooming of E.Contifolia in all the suspected areas. This demonstrates the
absence of distinct toxic effect of the plant on honeybees. However, further study on the plant’s
nectar and pollen active compound is recommended to reach into full understanding. Moreover;
rapid investigation and understanding of other potential drivers of bee colony decline is
recommended.

Key words: Honeybees, E. Contifolia, toxicity, nectar, pollen, narcosis

Introduction

Apart from pollination service, honeybees are well known for their commercial products playing
increasing roles in income generation, healthy food and alternative medicinal values. However,
the recent decline of bee population raises speculations from different angles and therefore, of
great concern for global food security and environmental stability. It is multifaceted factors that
lead to the decline of bee population worldwide. Outbreak of pathogens and pests, exposure to
pesticides, shortage of forage and global climate change are the known factors commonly
responsible for the loss and death of honeybee colonies ( Henry et al., 2012; Potts et al., 2010;
Desneux et al., Potts et al., 20092007, Adler 2000). Exposure to poisoning substances (natural
and chemical) is considered as prime causes for honeybee deaths and colony reduction. Though it
is difficult to differentiate between plant and pesticide poisoning, some reports describe bee
deaths or narcosis following visits to some plant species (Jaeger, 1961, Bell, 1971, Crane,1978).
This can be supposed to be the biochemical effects of some active compounds in their pollens,
nectars and honeydew that may be toxic to bees and other animals. Accordingly, recommended
plant species such as Aesculus californica, Clematis hirsutar, Clematis simensis, Croton
macrostachyus, Datura stramonium, Euphorbia abyssinica and Justicia schimperiana are
reported poisonings plants ( Nuru and Hepburn 2001; Adler 2000; Majak et al. 1980; Mussen,
1979). Honeybees occasionally encounter sources of such toxic nectar, but the predominating
nectar sources provide great dilution of any toxic nectar collected. Although such toxic nectar-
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bearing plants are reported, the incidence of human poisoning by honey is extremely low. For
example, Nuru (1996) reported as honey from Justicia schimperiana is known to cause vomiting
and diarrhea when sipped by children, but its toxic effect on bees was not known.

Euphorbia genus belongs to the family Euphorbiaceae comprises about 300 genus and 5000
species distributed mainly in America and tropical Africa (Webster, 1994). Euphorbace families
in general contains latex secretions in their sap which commonly known to cause skin irritation
and tumour-promoting diterpenoids (Evans & Taylor, 1983), inflammatory (Abo K, 1994) and
antioxidant effect (Barla A, 2007). Some species of these plants are used in folk medicine to treat
skin diseases, gonorrhoea, migraines, intestinal parasites and warts (Singla & Pathak, 1990).
Moreover, several species of the genus Euphorbia were tested for their efficiency against antiviral
and antibacterial activities (Rojas et al., 2008; Abubakar, 2009).

In Ethiopia, a few species of Euphorbia are known distributed in arid and semi-arid agro-
ecologies and are used for various purposes: live fencing, as hedges, fire wood, check for soil
conservation strategies and as ornamental plant around homestead. Euphorbia Contifolia
commonly known as “Key-abeba” (red leafed) is one of Euphorbia spps widely distributed in
west and south west parts of Oromia and in some parts of SNNP regions. It is assumed as
introduced species through Kenya to Moyale semi-arid agro-ecologies in not more than 20 years
ago (personal communication). As easily and rapidly growing through stem propagation, it has
been covered wide ranges of areas in the country with in short period of time. According to the
Agricultural and rural development office of illubabora zone, this plant occupied approximately
over 15 hectares of land in a single peasant association. People around cities and towns propagate
this for the ornament due to its attractive red leaves.

Despite its numerous advantages in these regions, speculations and oral reports have been raised
in the country that E. Contifolia is toxic for honeybees and other animals, and its honey is
poisonous to human. Several beekeepers from Illubabora and Jimma zones of Oromia region and
some parts of SNNP have complained on the poisoning effect of this plant on foraging bees (OTV
September, 2010). As a result, the Agricultural and rural development office of Metu district,
Illubabor zone was reported the deaths of bee colonies to Holeta Bee Research Center disputably
considering the poisons effect of E. Contifolia. However, no scientific data has recognized the
relationship between honeybee deaths and poisons effect of E. Contifolia on honeybees and other
animals.

Therefore, this study was planned to test the toxicity effect of E. Contifolia on honeybees
particularly during its flowering period. This is the first preliminary work to observe and generate
baseline data for the understanding of honeybee deaths due to the flowering of the suspected plant
in the study areas.

Materials and Methods

Study areas

The study was conducted in Illubabora and Jimma zones of Oromia region based on the abundant
distribution of E. contifolia and their potential for beekeeping. Mettu and Alle districts of
[llubabora zone and Gera district of Jimma zone were selected as specific study areas. Two main
study approaches were used to evaluate the toxicity effect of E. Contifolia on honeybees:
Preliminary survey and control experiment test.
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Preliminary survey

Preliminary survey was conducted in the selected potential districts based on the abundance of E.
contifolia. Befor the study discussion was made with zonal and Woreda livestock agencies of
respective areas to explore the general information. From each district three potential peasant
associations (PAs) were randomly selected. Accordingly, a total of nine PAs were selected for the
study purpose. Then five model beekeepers from each PA were randomly selected and a total of
45 beekeepers were interviewed relating to the risks of E. contifolia on honeybees and other
animals using pre-structured questionnaire. All the necessary information related to this plant
such as its propagation method, its importance in the local area, its poisoning effect, flowering
season, duration and parts of the plant exhibited toxicity, means of distribution and total
abundance in the area were collected through face-face interview. In addition, agro-ecology and
soil type of the areas were recorded during the interview period.

Experimental Test

Following the questionnaire survey, a control experiment tests was done at Boto site, Metu
district of Illubabor zone during the peak blooming seasons of E. Contifolia (May-June). Site
selection was made based on the potential distribution of E. Contifolia at distinct suspected area.
A total of 10 strong and uniform bee colonies were selected and randomly assigned in to two
groups (5 experimental and 5 control groups). The 5 experimental colonies were purposively
introduced to the flowering area of E. Contifolia at a vicinity of 2-3 m to induce foraging (Fig.1).
The rest 5 bee colonies (control group) were placed in area free of E. Contifolia, which is about
Skm from the plant location area. Plastic sheet covers were placed beneath and in front of each
hives to undoubtedly observe and count dead and crawling forager bees, dead broods and other
abnormal symptoms of individual bees. After colony introduction, data on number of dead adult
bees and dead broods were counted at every 3hr, 4hr, Shr, 6hr and 12hr of the day for five
consecutive days. Furthermore, each colony was inspected every night of the study period to
record cumulative number of dead adult bees and broods inside the hive. Moreover, observational
evaluation was conducted at the beekeepers site to recognize the general foraging behavior of
bees on this plant and its poisoning clinical symptoms after foraging (Fig. 2).

All the collected data was organized by Microsoft excel and the mean mortality of adult bees and
broods were compared using descriptive statistical analysis of variance ANOVA of SAS version
9.0. To detect the statistically significant mean differences, the post hoc Tukey’s mean
comparisons test (HDS) was used at P< 0.05 significance level.
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Figure.1. Colony set up and exposure for foraging to test the toxicity effect of E .Contifolia on
honeybees, Boto site of Metu district

Figure. 2. Field observation made to understand the risk factor of E. Contifolia around the
beekeepers homestead, Metu district

Results and discussions

A preliminary survey reveals that on average about 52% (57% in Illubabor and 45% in Jimma
zones) of the interviewed beekeepers were suspected the positive toxicity effect of E. Contifolia
on honeybees and other animals. Some beekeepers stated their opinion towards death and
narcosis of honeybees following the blooming season of E. Contifolia when they visit to forage.
About 25% of the interviewed beekeepers were also assumed the honey from this plant might be
poisonous to human. Moreover, communities in Illubabor zone in general were remarked the
latex (milky secretion) from E. Contifolia causing eye burning and skin irritation effect on
humans and other animals. This might be agree with the fact that various Euphorbia species have
milky latex that causes the same effect on different animals including human being (Upadhyay et
al., 1980; Jassbi, 2006).

However, the result of experimental tests entirely contradicts with the response of beekeepers.
Despite the flowering abundance of the plant in the study area, there was no significant narcosis
or deaths of bees recorded in the experimental colonies as compared to control groups. To this
fact, the mean mortality of both adult bees and broods between the treated and control colonies
were not significantly differ (p > 0.05) at every hour of data collection (Tablel & 2). Relatively
higher deaths of adult bees were observed at the beginning of data collection (3 hrs after colony
set up), and then reduced for the rest hours. This indicates the normal bee deaths occurred due to
colony disturbance when they moved from their original apiary to the experimental sites. As a
result, greater mean mortality of adult bees was recorded even in the control groups (0.72+0.21)
than the treated colonies (0.6140.14) at the beginning of data collection (Table.1), which attest
normal honeybee deaths.
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Table.1. Mean mortality rate and SE of adult bees after experimental set up

Dead adult bees % ( Mean +SE)
Treatments N 3hr 4 hr 5 hr 6 hr 12 hr

Exp. colonies 25 0.61+0.14  0.38+0.08  0.16+1.25  0.08+0.18 0.44+0.34
Cont. colonies 25 0.72+0.21 0.32+0.21  0.08+0.08  0.12+0.12 0.20+0.16

P-Value 0.77 0.3 0.29 0.46 0.52

Similarly, the mean mortality rate of broods due to exposure to E. Contifolia was not significantly
different between control and experimental colonies at every hour of data collection (Table 2).
Exactly similar to adult bees, relatively higher mortality brood was recorded at the beginning of
data collection (3 hr) for both experimental (0.80+0.16) and control (0.05+0.12) groups. At 4 and
12 hrs, there were no dead broods counted for both treatments (Table. 2). This suggests the non
toxic effect of E. Contifolia on bee broods when they are exposed to its peak flowering period.
This agrees with the study indicating the remarkable ability of honeybees to dilute the amount of
toxic substance in the nectar or pollen to a level below the threshold toxic response (Atkins et al.,
1981). In this way nurse bees supposed to balance the toxic substances by diluting the nectar or
pollen while rearing the brood.

Table.1. Mean mortality rate and SE of bee broods after experimental set up

Dead broods % (Mean +SE)

Treatments N 3hr 4hr Shr 6hr 12hr
Exp. colonies 25 0.80+0.16 0.00+0.00  0.24+0.22 0.04+0.02 0.00+0.00

Cont. colonies 25 0.05+0.12 0.00£0.00  0.124+0.02  0.00+0.00 0.00+0.00
P-Value 0.29 0.32 0.31

Beside the experimental test, both internal and external colony inspection also indicated the
negative mortality of honeybees during the study period demonstrating the non distinct effect of
E. Contifolia. Moreover, our field observation has confirmed good performance and wellbeing
activity of bee colonies in spite of the peak blooming period of E. Contifolia in all the suspected
areas. Only very few worker bees were observed foraging on this plant with in the presence of
forage preference. This is concord with the study representing poisoning plants have deterring
behavior of their pollinators when they secret toxic substances (Detzel and Wink 1993; Adler and
Irwin 2005). Wright (2013) also indicated that honeybees are forced to forage on such poisoning
plants only when they are vulnerable and under certain specific stress conditions such as food
shortage and dearth of nectar. This suggests the negative correlation between E. Contifolia
flowering and massive death of honeybees, which might be caused due other factors such as
intensive pesticides applications, pests and diseases (Henry et al., 2012; Potts et al., 2010).
Likewise, evidences revealed that honeybees have learning behavior to avoid toxic nectar or
pollen and less likely vulnerable. To this fact toxic plants are less likely visited by honeybees due
to their deterring behavior of their pollinators when they secret toxic substances.
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Conclusion and recommendations

In conclusion, our results provide evidence against the oral report that E. Contifolia is toxic to
honeybees and responsible for the massive death of colonies in the study area. Despite the
preliminary survey result, both experimental and observational test demonstrated the non distinct
effect of E. Contifolia on honeybees in the study area. Insignificant mortality of both adult and
brood bees was recorded in the experimental colonies as compared to the control groups.
Moreover, good performing and wellbeing activity of bee colonies were observed in all the
suspected areas in spite of the peak blooming period of E. Contifolia. As a result, our data
indicates the presence of E.Contifolia in the study area would not be the cause for honeybee
deaths reported suggesting the negative correlation between E. Contifolia flowering and massive
death of honeybees. It seems that beekeepers have been wrongly correlate the fact that milky
latex from some Euphorbia species has burning and skin irritation effect on other animals,
including humans, with honeybee deaths due to other factors. This indicates with the sense that
actual forage plants may not to poison their pollinators. Honeybees might be occasionally dead
due to unidentified factors such as outbreak of diseases and pesticide applications. Therefore,
beekeepers should attempt to identify the causes for occasional bee deaths and otherwise report as
early as possible for diagnosis. Further study on analysis of active compounds in the nectar or
pollen of E.Contifolia is also recommended for confirmation and better understanding.
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Identifying the Species, effects and seasonal dynamics of honeybee varroa mites: a
newly emerging parasite to Ethiopian honeybee

Desalegn Begna'®, Alemayehu Gela', Taye Negera', Amssalu Bezabeh'
'Oromia Agricultural Research Institute, Holeta bee research center

Abstract

The loss of bee colonies in recent years is a global phenomenon and Ethiopia is not exceptional.
No single cause has been identified for the lose interactions of biotic and abiotic factors are
speculated for the global bee colony decline. Following global warming and human population
fast growth, natural forests which are used to be habitat and sources bee feed has been destroyed
at fast rate. Also the contribution of bee pests and diseases is thought considerable for bee colony
diminishing. Recently (2010), globally identify as causing bee colony dames bee mite varroa
destructor has been reported in most beekeeping regions of Ethiopia. However, the effects of mite
oh bee colonies and their products, the mite strain type and its seasonal dynamics under local
incident remain uncertain. Therefore, this study has designed controlled experiment to unveil the
basic questions with regards to the nature and the effects of the parasite under local conditions.
Ten bee colonies were set up at Bako area which is 250 km west of Addis Ababa. Data collections
were done for three years on monthly bases and collections of information were done on the
parameters like the number of varroa mites on adults and brood bees and brood, pollen and nectar
areas. Besides, morpho-size of the collected varroa mites were measured and compared with the
morpho-sizes varroa mites collected from different localities. The study investigated negative
correlation (P<-0. 0.513) between the number of mite and number of adult bees as well as brood,
pollen and nectar areas. However, the number of mites on adult and brood bees as well as the
mite’s pessimistic effect varied between the colonies and the seasons. Based on morpho-size
measurement, the mites were grouped into five mopho-clusters, but generally confirming all the
strains belong to varroa destructor type. In spite of the presence of the parasitic varroa mite in all
the bee colonies year round, all the colonies appeared to be healthy. The result from this study has
enlightened local understanding on the seasonal dynamics, effects and species of varroa mite.
However, further study that entails investigations on biological/ behavior of both the parasite and
the host is suggested to avail better understanding on how local bees were not affected following
the number of parasailing varroa mite.

Keywords: Varroa, Ethiopia, morpho-size, species, brood

Introduction

Beekeeping is an opportunity to harvest and add value to a local resource (floral nectar) to
generate wealth and employment. Products from beekeeping contribute to the income and
livelihood improvement of the rural people. In addition, beekeeping plays an important role in
providing export commodities and environmental conservation (Krell, 1996). However, the
benefits from beekeeping can be affected by many biotic and abiotic factors (Strauss et al., 2013,
Desalegn 2014 and 2015). Recently, the issue of honeybee health has been becoming a global
research topic (Genersch, 2010, Strauss et al., 2013). The recent emergence of high honeybee
colony losses in many parts of the world has initiated many researches in different parts of the
world (Strauss et al. (2013). Bee pathogens and parasites are identified as the most affecting
honeybee health being distributed almost worldwide (Bailey and Ball, 1991; Allen and Ball,
1996; Ellis and Munn, 2005). When, rigorous researches have been conducted on honeybee
health aspects in the other parts of the world, the health status of honeybees in Africa remain less
characterized (Hepburn and Radloff, 1998; Dietemann et al., 2009, Desalegn B., 2015). In
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particular, the health condition of Ethiopia honeybees is poorly described as systematically
reviewed by Desalegn B. (2015).

Presence of ecto-parasitic mite Varroa destructor is one of the factor globally reported effecting
honeybee health (Rosenkranz et al, 2010; Dietemann et al., 2012). This mite was previously
known as Varroa jacobsoni Oudemans, 1904 and was recorded as eastern honeybees (Apis
cerana Fab) ecto-parasite (Boudagga et al., 2003). It was identified as Varroa destructor by a
morphological study of many females collected throughout the world including Asia (Rahmani
H., 2006). The parasite was first reported in South Africa in 1997 (Allsopp, 1997; Martin and
Kryger, 2002) and later in 2009 in Kenya, Tanzania, Uganda and Ghana (Fazier et al., 2009) and
in Ethiopia in 2010 (Desalegn B., 2014).

However, understanding on the varroa mite strain, its seasonal dynamics and effects on local bees
and their products in Ethiopia remain blurred. Therefore, given the wide spread of the varroa mite
in most beekeeping areas of the country, it is paramount importance to investigate the plausible
effects of this mites have both on the life and products of local honeybees.

Material and methods

Experimental places, animals and setups

All field experimental bee colony setup was done at Bako sub-site of Holeta bee Research centre
using honeybee race called A.m.bandassi. However, all laboratory works and data analysis were
done at Holeta Bee research centre (HBRC). For the purpose, 10 bee colonies in traditional bechives
were obtained from beekeepers through purchasing and transferred to moveable frame bechives
(Langstroth). All bee colonies were standardized to have equal condition and then monitored for
having varroa mites. Subsequently, data collections on the number of adult varroa mites, brood,
pollen and nectar areas were done at every 21 days for three years (2011-2013). About 200-250
live adult bee samples were collected from each bee colony using a wide mouth plastic jars, killed
in hot water and washed in detergent-water to dislodge varroa mite (Macedo et al., 2002). The
mites were separated from dead bees using a ladle (8-12mm mesh sizes) that passes the mite
together with the solution but hold the bees. Subsequently, the mites were separated from the
solution using wire gauze (less than 8 mm mesh sizes) that pass the solution only but hold the
mite. The wire gauze that is expected holding the mite was turned down and collided on the white
paper and the dislodged mites was counted. Also the adult bees from which the varroa mites were
recovered were counted to calculate the ration of the mite to the adult bees. In addition, a brood
comb sections of 5 cmx5 cm drone and/or worker pupae areas were cut from each experimental
bee colony and examined for varroa mites. A minimum of 100-200 pupae were uncapped and
pulled out of their cells and examined for varroa mites. Both the number of larvae examined and
the number of varroa mites recovered were recorded. Likewise, bees' collected resources (nectar
and pollen) as well as brood areas measurement and estimations of adult bee population were
done using standard method of Liebefelder method (Gerig, 1983). Statistical computations were
done based on three years mean value for each of the parameters. For the varroa mite strain
classification, morpho-metric measurements on the width and length of adult varroa mites were done
using stereomicroscope (40x magnifications fitted with micrometers).  Accordingly, body
measurements of 10 varroa mites from each site were taken and their mean values were considered
representing the varroa strain of the site.

Results

Currently, beekeeping in the country is challenged by multiple factors like reduction of habitat,
destructions of bee forage sources vegetation and indiscriminate agrochemical application.
However, the recent investigation of varroa mites being distributed in most parts of the country
(Desalegn B., 2015 and HBRC, 2015) has raised great anxiety. Certainly, an investigation that

_________________________________________________________________________________EEmEw



Livestock Research Proceeding

establishes the type(s) of varroa mite strain, seasonal dynamics and magnitude of the parasite’s
effect on bees and their product is vital. Accordingly, this study presents the research finding that
addresses the aforementioned issues.

Seasonal dynamics of varroa mite

The mean value of monthly collected three years data indicated that adult varroa mites are present
in all the experimental bee colonies throughout the years. However, the adult varroa mite
population is slightly high during dry seasons of December-January and April-June (Figure-1).
This is in line with the finding that states the varroa mite population dynamics is influenced by its
host population dynamics as well as by internal and external factors (Fries et al., 1994 and
Darabus et al., 2011).

The results from the brood bee analysis also indicated presence of varroa mites in bee colonies
throughout the year. However, in the months of January, March and July the population of varroa
mites recovered were low and this might be attributed to low brood rearing in these dry months.
In dry season, there is low brooding tendency and this hider the growth and reproduction of the
mites, which in most cases depends on the availability of bee brood (Rosenkranz et al. 2010 and
Darabus et al. 2011).
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Figure 2: Seasonal dynamics of varroa mite over the months

Effects of varroa mites on bees and bee collected resources

Determining the level of inflicts caused by the varroa mite on bees and bee product is one of the
objectives of this study. For the purpose, the monthly mean values of the data collected for three
years over the nectar and pollen areas, bee colony population were correlated against the number
of varroa mites recovered through adult and brood bee sampling. The, bee colony strength and
nectar storage areas were analysis against or the number of varroa mite recovered through adult
and brood bees (Figure-2).
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Figure 3: Effects of varroa mites on bees and their products as evaluated over the months

The result showed that the level of varroa mite is positively correlated and seasonally fluctuated
along with bee occupied areas and nectar stored areas (Figure-2), suggesting bee population and
bee's activities in nectar collections were not affected by the varroa mite. This result agrees with
the finding that state significant positively correlation between level of varroa mites and colony
size (Muli et al. 2014). Reproduction of varroa mites is closely synchronized with the brood
development of the host and hence the colony strength (Rosen kranz ef al. 2010) as well as brood
less period reduces mite population growth and bee colonies during honey flow season are more
likely to be infested by varroa mites (Darabus et al. 2011). In fact, this is despite the killing nature
and historical records the mite in causing be colony collapse on European honeybees if not
chemically treated (Webster and Delaplane 2001). On the other hand, there are report indicating
African and Africanized honeybees did not succumbed to varroa mite attacks (Camazine, 1986,
1988, Vandam et al., 1995, De Jong, 1997; De Jong and Gongalves, 1998, Medina et al., 2002;
Mondragon et al., 2006; Allsopp, 2006, Fries and Raina, 2003). Several mechanisms that may be
responsible for this tolerance have been investigated, including reduced reproduction by the mites
(Ritter and De Jong, 1984), greater fficiency in removing infested brood (Corréa-Marques and De
Jong, 1998; Guerra et al., 2000), and increased grooming behavior (Moretto et al., 1991, 1993).

Varroa strain classification

Ten morpho-sizes (widths and lengths) of varroa mites collected for each 17 different localities
were measured and compared using one way ANOVA (Duncan) to see if there are significant
differences in their body sizes as a clue for different varroa mite strains. The mean results of 10
varroa body measurement revealed slight differences both in lengths and widths classifying the
mites into five morpho-clusters (Table-1). However, the differences in body size measurements of
varroa mites collected from different localities is not statistically significant (P>0.05). This suggests
varroa mites that are distributed to different localities belong to similar strain and the slight body size
differences can be phenotype alter due to environment.
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Table 2: Mean body width and length measurements of varroa mites collected from 17 localities

Width (um), Duncan Length (um), Duncan
Sample places N Cluster categories Cluster categories
1 2 3 4 5 1 b 3 4 5
w/Arsi 10 1712.50 1070
Tefki 10 1757.50 | 1757.50 1107.50 | 1107.50
Holeta 10 1767.50 | 1767.50 | 1767.50 111945 | 1119.45
Asela 10 1769.45 | 1769.45 | 1769.45 1150.00 | 1150.00
Muger 10 | 1777.50 | 1777.50 | 1777.50 1155.00 | 1155.00
Adama 10 1787.50 | 1787.50 1155.00 | 1155.00
Jijiga 10 1790.00 | 1790.00 1157.50 | 1157.50
Sebeta 10 1812.50 | 1812.50 1165.00 | 1165.00
Alalem 10 1813.89 | 1813.89 1165.00 | 1165.00
Mojo 10 1820.00 | 1820.00 1167.50 | 1167.50
Jima 10 1825.00 | 1825.00 1172.50 | 1172.50
Wolliso 10 1835.00 1197.22 | 1197.22
Gedo 10 1837.50 1202.50 | 1202.50
Machew 10 1202.50 | 1202.50
Adewa and Aksum | 10 1943.33 1247.50 | 1247.50
Mekele 10 1950.00 1263.33 | 1263.33
Moyale 10 1997.50 1295.00
Mean 1756.89 | 1792.08 | 1803.26 1935.28 | 1963.61 | 1098.98 | 1151.44 | 1171.79 | 1222.61 | 1268.61
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Table 3: Comparative analysis of local varroa mite morpho-sizes with literature established sizes

S/N | Study sources Length (Mm) Width (mm)

1 V. jacobsoni (Anderson & Trueman 2000) 1063.0 1506.8

2 V. destructor (Anderson &Trueman 2000) 1167.3 1708.9

3 V. destructor (Rahmani et al 2006, Iran) 1197.2 - 1200.1 1775.6 - 1789.9
4 Ethiopia 1098.98- 1268.61 1756.89- 1963.61
5 Average (Ethiopia) 1182.69 1850.22

Conclusion and recommendation

Based on this study, Varroa mite existed the whole season with local bees with minor differences in
number across the study months. Moreover, this study identified the strain of Varroa mite that is
associated with local bees is varroa destructor. The correlation between the number of varroa load with
adult bee population, measured brood, nectar and pollen areas indicated less effects of the mite. Although
further research investigation is required, from this study, it can be concluded that the effects of varroa
mite is not significant. Further research that focus on developing and implementing honeybees with
genetic-based resistance to Varroa mites is recommended
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Abstract

The study was conducted to determine the effects of queen age on brood pattern, brood population,
swarming behavior and colony’s honey yield under Holeta Bee Research Center Apiary conditions from
2011 —2013. The queens were reared; nuclei colonies formed and then transferred to standard Langstroth
hives during the active season (September 2011). Performances of the colonies at first, second and third
year compared. The average brood area, number of empty cells/100 cells, number of queen cell cups and
swarm cells constructed, and honey yield were determined as performance criteria. The average brood
areas throughout the experiment in one, two and three year queens were 4721.43+511.85cm?
5523.08+490.07 cm?, 3433.82+413.83 cm?; the average number of empty cells/100 cells was 1.86+0.38,
2.40+1.65, 8.85+2.52; number of queen cell cups and swarm cells constructed was 0.07+0.07, 2.23+0.52,
9.90+1.89; and the average of honey yields was 13.34+ 1.11, not harvested, 10.50 +2.04 kg per colony,
respectively. A weak positive correlation (r = 0.21; P= 0.09) between the number of queen cups and
swarm queen cells constructed and the brood area was observed. The colonies headed by young queens
had more brood areas, better brood pattern, less swarming tendency and better honey yield (by 27%)
compared to colonies headed by old queens. These results, suggest that the queen’s age affects the
overall colony strengths and the honey yields.

Key words: Queen, Queen Age, Requeening, Swarm and Queen cells

Introduction

It is generally accepted that the longevity of a queen bee in various climates varies between 1 and 4 years
(Seeley, 1968). However, the queen maintains its productivity only for the limited time of her lifetime. As
the queen bee gets older and older she starts to produce insufficient queen pheromones that could be one
of the major causes for supersdure (Crane, 1990). The ageing of queen bee affects both her attractiveness
to workers (De Hazan et al., 1989) and her power to inhibit building of playing queen cells and swarm
queen cells (Lensky and Slabezki, 1981). The queen’s mandibular gland structure and its pheromone’s
chemical compositions, and tarsal gland secretion are also age dependent.

Different studies conducted in temperate climates of England (Simpson, 1959), New Zealand (Forster,
1969) and Poland (Woyke, 1981), colonies headed by 1 year old queens performed better than those
headed by 2 year old queens (Hauser and Lensky, 1994). Conversely, the work of Szabo and Lefkovitch
(1991) in Canada indicated that there was no difference in performance between 2 year old queens and
lyear old queens. However, according to the latest study conducted in subtropics (Israel) by Hauser and
Lensky (1994), colonies headed by 7 to 10 month old queens had higher brood areas, honey yields and
constructed less swarm queen cells than in those headed by up to 20-month-old queens during the nectar
flow season. As a result annual requeening of be