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Abstract. This study analyzes technical efficiency and determinants of the efficiency
of honey production in the Gomma and Gera districts of the Jimma zone. The data were ob-
tained from 194 randomly selected honey-producing smallholder farmers. A Cobb — Douglas
stochastic frontier production analysis with the inefficiency effect model was used to estimate
technical efficiency and identify the determinants of efficiency variations among honey farm-
ers. The study showed that several hives and supplementary feeds positively and significantly
influenced honey yield. This shows that there is room to increase honey productivity from
the current level if farmers can efficiently use these input variables. The result further showed
that there were differences in technical efficiency among honey producers in the study area.
The discrepancy ratio, y, which measures the relative deviation of output from the frontier
level due to inefficiency, was about 84%. This implies that about 84% of the variation in ho-
ney output among the farmers was attributed to technical inefficiency effects. The estimated
mean level of technical efficiency of honey producers was about 74%. This reveals that there
is a possibility to increase the level of honey output by about 26% through exploiting the exis-
ting local practices and technical knowledge of the relatively efficient farmers. The education
level of the farmer, landholding, income, extension contact, and training were found to deter-
mine technical efficiency significantly. Therefore, the concerned sector should focus on the above
variables to enhance the technical efficiency of honey producers in the study area.
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Introduction

Agriculture is still dominating the Ethiopian economy sharing about 43% of
the GDP, 80% of employment, and 90% of export earnings (Demese et al., 2010).
Smallholder farmers account for more than 85% of the rural population who di-
rectly engaged in agricultural production.

Ethiopia is blessed with numerous types of wild honeybees. This situation
made Ethiopia be one of the countries on the continent which own huge honey
production potential. Despite this fact, the country still could not harvest this real
potential for the required amount due to several reasons. Southwestern part of
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the country, particularly Jimma zone, is known for its considerable potential for
honey production. There is a growing trend of honey production in the zone, where
many households are engaged in honey production for income and consumption.
Despite the substantial potential, the majority of the rural households in the study
area inclined to traditional methods of beekeeping. This implies that the honey
sector in the area is not developed to the expected level. Thus, the beekeeper
farmers are not economically benefited out of it to the extent it ought to be due to
several reasons (Abiyu Zewde, 2011).

The country has the highest bee density, and it is the leading honey producer
and the largest beeswax exporters in Africa. Despite this considerable production
potential and marketing opportunity, the share of the sub-sector in the GDP of the
country has never been proportionate. According to B. Tessega (2009), honey
production has been low, leading to low utilization of hive products locally and
quite low export earnings.

The real potential for honey production in Ethiopia made the country to
have a comparative advantage for honey and beeswax production. By increasing
productivity, the country can exploit this competitive advantage to develop a sig-
nificant export trade. This will also improve the incomes of beekeeping farmers
and other participants, including large and small-scale commercial apiculture
(MoFED, 2010). However, the apiculture sector is far from realizing its potential.
According to the report from the Ministry of Agriculture (2013), less than 10% of
the honey and wax potential have been tapped.

Currently, most of the honey produced in Ethiopia is produced by small-
holder farmers who practice by traditional beehives make up to about 96% of
the total quantity of honey productions (Miklyaev et al., 2013).

According to K. Chala et al., (2013), the trends of the honey yield of the past
five years (2005 to 2009) in the Gomma district were increasing from 13,002 to
31,650.25 kg. Despite this positive trend, the majority of the farmers practice tradi-
tional ways of honey production, as well as the inefficient utilization of resources.
This indicates there is still unexploited potential in the district. This might be the rea-
son why farmers are collecting less output and low income from honey production.

Measuring the technical efficiency of agricultural production determines
the efficiency level of households in their farming activities (Ilembo, Kuzilwa, 2014).
One of the reasons for the poor development of the sector could be because of
the low level of technical efficiency of beekeeping farmers in the study area. Ana-
lyzing the technical efficiency of honey production in different production sys-
tems will enable us to determine whether smallholder farmers make use of all
the available potentials in their agricultural activities or not and identify which pro-
duction system is technically efficient.

Although farmers in Gomma and Gera districts of Jimma zone are relatively
good in practicing modern honey production (Ephrem, 2013), the majority of
them still rely on the traditional honey production system. Several factors are be-
lieved to attempt the use of modern production system in the study area. Several
studies conducted in the past have characterized honey production and marketing
systems, value-added honey products, factors that affect development of beekeeping
in Ethiopia (Zewde, 2011; Chala et al., 2013; Yetimwork et al., 2015; Tadesse,
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2011; Kebede, Tadesse, 2014; Kumsa, Takele, 2014; Tessega, 2009; Metages,
2014). However, almost no studies have been conducted on technical efficiency
and determinants of honey production. Moreover, there is only one study that sys-
tematically investigated the extent of the technical efficiency of the sub-sector
(Kaleb, Berhanu, 2015). However, as to the knowledge of the researchers, there is
no previous study on the production efficiency and determinants of honey produc-
tion. Thus, the current study will estimate and compare the status of the technical
efficiency of honey production and its determinants in different production sys-
tems in the study area.

Research methodology.
Description of the research area

The study was conducted in the Gomma and Gera districts of Jimma zone,
where farmers are relatively better in practicing the modern honey production sys-
tem. Gomma district is located in the mid-altitude sub-humid zone of the south-
western part of Ethiopia. The district is located at 390 km from Addis Ababa.
The topography of the district ranges from gently sloping to hilly lands with ridges
and valleys in between. The total surface area of the district is 96.4 km. The rainy
season extends from May to September, with the highest rainfall usually recorded
in August. The mean annual rainfall varies between 1400 and 1650 millimeters
with average maximum and minimum temperatures of 29.9 and 13.4 °C, respec-
tively, and the altitude is 1400 to 2270 m.a.s.l.

Gera district is bordered on the south by the Gojeb River, which separates it
from the Southern Nations, Nationalities and Peoples Region, on the northwest by
Sigma, on the north by Setema, on the northeast by Gomma, and on the east by
Seka Chekorsa. The 2007 national census reported a total population for this
woreda of 112,395, of whom 56,488 were men and 55,907 was women; 4,746 or
4.22% of its population were urban dwellers. The majority of the inhabitants
were Muslim, with 85.64% of the population reporting they observed this belief,
while 11.9% of the population said they practiced Ethiopian Orthodox Christia-
nity, and 2.36% were Protestant.

The altitude of this woreda ranges from 1390 to 2980 meters above sea lev-
el. A survey of the land in this woreda shows that 26.5% is arable or cultivable
(23.4% was under annual crops), 7.0% pasture, 56.6% forest, and the remaining
9.9% are considered degraded, built-up or otherwise unusable. There is a vast area
of the two districts covered with vegetation in the region, including the study area.
Spices, coffee, corn, and teff are important cash crops of the districts. Moreover,
the districts are known in their honey production potential. This is partly due to
the relatively better technology uptake of the farmers (Ephrem, 2013).

Data type and source

Both qualitative and quantitative data were used. Data on the level of pro-
duction inputs (such as number of hives, labour used, extension service, land, and
other supplementary feeds), farmer-specific (inefficiency) factors and other socio-
demographic characteristics of respondents that are hypothesized to influence
the honey production system such as age, educational level, marital status, princi-
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pal occupation, membership of social groups and years of experience in beekeeping
was collected from primary and secondary sources. The primary data were col-
lected from beekeeper farmers, district agriculture experts, development agents,
and district administrators. Secondary data were gathered from district agriculture
and rural development office and other relevant offices, books, journals, and
the internet.

Method of data collection

In order to get relevant data related to the research questions, household
surveys, focus group discussions, critical informant interview, and personal ob-
servations were used.

Sampling technique

Depending on the nature of the model to be used, and the goal of the study,
multiple stage technique of sampling were used to select representative samples.
First, Gomma and Gera districts were selected, taking in to account their honey
production potential and good practice of modern honey production system. Se-
condly, the top three kebeles from each district based on their production potential
were selected purposively. Third, beekeeping farmers in these kebeles were se-
lected after stratified as traditional, transitional, modern, and mixed honey pro-
ducers. Finally, a simple random sampling method was employed to select a total
of 194 respondents from the sixth kebeles of the two districts based on propor-
tional probability sampling procedure using the following formula (S.B. Green,
1991) as cited in (Wilson Van Voorhis, Morgan, 2007):

n>50+8 *x,

where n = sample size, x = number of independent variables (18 variables in this
case).

Data analysis and model specification

The collected data was coded, edited, and entered into SPSS 23 computer
software due to its suitability for data entry. Then, after proper edition, it was ex-
ported to statistical software, STATA, which is relatively good for data analysis.
Thus, the recent version of STATA 13 software was used for data analysis. Then
the data were analyzed through descriptive statistics and econometric models.

Stochastic Frontier Analysis (SFA)

The two most commonly used approaches to measuring the efficiency of
a producer are Stochastic Frontier Analysis (SFA) and Data Envelopment Analy-
sis (DEA). The later, DEA, is a non-parametric approach that involves mathemat-
ical programming and assumes that all deviations from the frontier output are due
to technical inefficiency. However, in this study, the SFA approach was used be-
cause it was a parametric approach that uses econometric methods, and it consi-
ders both an inefficiency component and a random error. Moreover, the SFA ap-
proach is usually preferred to estimate efficiencies of production systems because
of the very nature of agricultural productions depends on climatic conditions and
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is affected by measurement errors that attribute for statistical noise in data sets and
stochastic frontier models allows decomposition of error terms between statistical
noises and inefficiencies measure that enables statistical tests on the validity of
model specification (Fekadu, 2004; Chen, 2007).

Thus, Stochastic Frontier Analysis (SFA) was used to address the first and
second specific objectives which analyze the status of the technical efficiency of
honey production and its determinants. The stochastic production function used in
this study, which includes both the deterministic part and random shocks, can be
specified as:

vi=f (xi,B) * exp(vi) * TE:,

where yi is the scalar output of producer i, xi is a vector of M inputs used by pro-
ducer i, B is a vector of technology parameters to be estimated, and 7F; is the out-
put-oriented technical efficiency of producer i which provides a measure of
the shortfall of observed output from maximum feasible output, f (x;, B) a deter-
ministic part common to all produces, exp{vi} producer-specific random shocks
and [f (xi, B)*exp(v:)] is a stochastic production frontier.

Cobb — Douglas and translog models are the most widely used specification
of the production function in recent literature (Greene, 2008). In this particular
study, the linear form of the Cobb — Douglas production function was used.

The log-linear form of the Cobb — Douglas functional form is mathematical-
ly formulated as follows:

LnY = Bo + p1LnX1 + f2LnXz + BsLnXs + BalnXs + BsLnXs + Vi — Ui,

where Y — production of honey per period production (kg/pp); X1, X2, X3, and Xs —
inputs used (number of beehive, land allocated for honey production, supplemen-
tal feed, and labor used) by producer 1, 2, 3, 4...; Po — constant; B1—ps — parameter
input variables are not fixed suspected; Ln = natural logarithm e = 2.718; Vi —
mistakes made due to a random; Ui — effect of technical efficiency appears.

It expected that different production systems demand different kinds and
amounts of inputs. In this study, the most important inputs in honey production
are classified into four categories, namely: number of beehive, land allocated for
honey production, labor used, and supplemental feed.

The technical inefficiency effects model developed by T. Coelli and G.E. Bat-
tese (1998) were adopted for this study. Below is the parameter value distribution
of technical inefficiency function which was enabled us to calculate the effect of
technical inefficiency:

Wi = 00 + 0121 + 8222 + 8323 + 0aZa + O5Zs,

where ; = technical inefficiency effects; Z1, 22, Z3, Z4, and Zs are exogenous vari-
able; 60 = constant; 81—0s5 — parameter variables inefficiency.

The hypothesized determinants of technical inefficiency in honey produc-
tion include sex of the household head, age of the household head, education sta-
tus of the household head, household size, income, honey production system prac-
tice by the farmer, total number of hives and household access to institutions such
as market, credit and extension services. The following Table 1 summarizes the hy-
pothesized determinants of beekeepers' technical efficiency in the study area.
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Table 1
Hypothesized production variables and determinants of honey farmers’ technical efficiency level

Variable ID Description Expected sign
AGE Age of household head, continuous (years) +ve
GENDER Gender of household head, dummy (1 = male, 0 = female) -ve
EDUC The educational level of HH head, continuous (years of schooling) +ve
Fz Family size, continuous variable in numbers -ve
LNDBK Land for beekeeping (continuous) +ve
DIST Distance to the market place, continuous in minutes of walk on foot -ve
LABOR Adult equivalent (continuous) +ve
HIVES Number of hives owned, continuous variable (in numbers) +ve
EXPER Beekeeping experience, continuous (years) +ve
INCOME The annual income of the household, continuous (ETB) +ve
CR Access to credit service, dummy (1 =yes, 0 =no) +ve
EXT Extension contact, continuous (numbers of visits) +ve
INFO Access to market information, dummy (1 =yes, 0 =no) +ve
TRAIN Access to training, dummy (1 =yes, 0 = no) +ve
SPLMT Value of supplement purchased +ve

Source: authors’ hypothesis based on previous literature (2018).

Results and discussions
Descriptive statistics

The following table presents summary statistics of production variables (the phy-
sical inputs used in the production of honey output used for analysis in the sto-
chastic production frontier model.

Table 2
Descriptive statistics

Variable Mean Std. dev. Min Max
Output variable 134.85 154.44 10 750
Input variables:
LNDBK 0.20 0.24 0.01 1
LABOR 12.45 10.83 1 40
HIVES 33.29 32.77 5 191
SPLMT 610.24 246.85 169.83 2000

Source: authors’ computation (2018).

The result indicates that, on average, a household produced 134.85 kg of
honey per season. The average land area allocated to honey production was ap-
proximately 0.2 ha, that ranged from 0.01 to 1 ha with a standard deviation of
0.24 ha. The mean land size indicates that honey producers in the study area are
using forest, which also confirms that one of the characteristics of honey produc-
tion in Ethiopia. The mean level of labour (both family and hired) used by honey
producers was found to be 12.45 person-days, which was obtained by aggregating
labour used for all honey production activities.

The minimum and maximum level of labour (person-day) used are 1 and 40
person-days respectively; 10.83 were labour used difference among the farmers.
The average number of hives owned by the farmers was 33.29 with 32.76 quantity
of difference among the farmers. Regarding the value of supplement used farmers
in the study area commonly using bee forage and during the dry season thus used
sugar and bean flours as feed supplements to bees, which values on average
around 610.24.
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Inefficiency variables

The following table presents the summary statistics of both continuous and
dummy efficiency variables that were included in the honey production technical
efficiency model.

Table 3
Descriptive summary statistics of technical inefficiency variables
Continuous variables Mean Sta. dev. Min Max
Experience (in years) 9.598 5.320 1 30
Family size (adult equivalent) 5.098 2.700 1 11
Education (years of schooling) 4.727 3.503 0 12
Age (years) 39.892 9.920 25 65
Income (annually in birr) 30483.56 28985.89 3000 165000
Distance (km) 10.353 9.558 1 75
Landholding (ha) 2.873 3.616 0 18
Dummy variables Responses Percentage
Sex Male (1) 192 98.97
Female (0) 2 1.03
Extension Yes (1) 182 94.3
No (0) 11 5.70
. Used (1) 36 18.56 81.44
Credit Not used (0) 158
Training Yes (1) 161 83.85
No (0) 31 16.15
Information Yes (1) 112 42.27
No (0) 82 57.73

Source: authors’ computation (2018).

The results in Table 3 indicate during the specified honey production sea-
son, farmers in the study area, on average, had 9.6 years of beekeeping experience
with a minimum, maximum, and standard deviation of 1, 30, and 5.3 years of ex-
perience respectively. The average household family size was approximately 5.1,
with a maximum of 11 and a minimum of one adult equivalent persons. Besides,
on average, farmers in the study area achieved five years of schooling, and the ave-
rage age of the respondents was approximately 40 years, with a maximum of 65
and a minimum of 25. The table also depicts that the average amount of income
the household got from honey production in the season was approximately
30,483.56 birr with a standard deviation of 28985.89. On average, the landhol-
dings of the household in the production season were 2.9 ha with a standard de-
viation of 3.62 ha with minimum and maximum holding of 0 and 18 ha respec-
tively. The result shows that, on average, the market was 10.35309 km far from
the honey production site. The survey result shows that a female-headed a male-
headed 98.97% of the respondents' farmers and 1.03% of the respondents. The ave-
rage extension contact, credit service, training, and information service a farmer
received was reported to be 94.3, 18.56, 83.85, and 42.27% the remaining did not
have these services during the production season.

Hypotheses testing

One attractive feature of the SPF method is that it is possible to test various
hypotheses using the maximum likelihood test ratio. Therefore, before discussing
parameter estimates of production frontier function and the inefficiency effects, it is
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advisable to run several hypotheses tests in order to choose an appropriate model
for further analysis and interpretation.

Tests of hypothesis for the parameters of the frontier model are conducted
using the generalized likelihood ratio statistics, A.

Table 4
Generalized likelihood-ratio test of hypotheses for parameters of SPF
Null hypothesis df A Critical value (99%) Decision
H,:Bij=0 6 13.56 16.81 Accept H,
H,:y=0 1 12.1 3.84 Reject H,
Hy:p=68,=86,=6;=...6,s=0 12 140.84 26.23 Reject H,

Source: authors’ computation (2018).

The hypotheses that whether there is inefficiency in the production of honey was
tested against the null hypothesis, Ho: y = 0, where the parameter, 6> = 6*/(6> + 6,°),
such that there is no inefficiency in the production of honey. If the null hypothesis
is correct, the SPF is equivalent to the normal response function. Hence in this
case, if there is an output difference among farmers given equal inputs, the diffe-
rence is purely due to random errors that are outside of the control of the farmer.
This hypothesis can be tested using the generalized likelihood ratio test based on
the log-likelihood function under Ordinary Least Squares estimation and final maxi-
mum likelihood estimation. The generalized likelihood ratio statistics, A = 12.1,
presented is found to be higher than the critical value of 3.84. Hence we can reject
at a 1% level of significance the null hypothesis that the average response function
is an adequate representation of the data. Consequently, the null hypothesis that
honey-producing farmers in the area are fully efficient is rejected. Hence there is
considerable inefficiency among farmers in the production of honey in the study area.

Table 5
Parameter estimates of the SPF model
Variables Coefficients Std. err. Elasticity
Inland 0.169*** 0.049 0.169
Inlabor 0.057 0.052 0.057
Intotalnhvs 0.635*** 0.083 0.635
InSup 0.44*** 0.054 0.44
Intercept 3.554*** 0.376
sigma2 1.554*** 0.230
lambda 2.298*** 0.158 0.861
Y 0.8408

Note: significant at ***(1%), ** (5%) and *(10%) total elasticity 1.301.
Source: authors’ computation (2018).

The next hypothesis is that the null hypothesis that the explanatory variables
associated with the technical inefficiency effects model are all zeroHy : p=6:=6.=
=83 =...85 = 0. To test this hypothesis likewise, A was calculated using the value
of the log-likelihood function under the stochastic frontier model (a model with-
out explanatory variables of inefficiency effects, Ho) and the full frontier model
(a model with variables that are presumed to determine inefficiency of each far-
mer, H1). The calculated value of A = 140.84 is higher than the critical value of
26.23. Thus the null hypothesis that variables in the inefficiency effects model are
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simultaneously equal to zero is rejected at a 1% level of significance. Therefore,
the explanatory variables associated with the inefficiency effects model are simul-
taneously different from zero. Hence these variables simultaneously explain the dif-
ference in inefficiency among farmers.

A single-stage maximum likelihood estimation procedure was employed to
estimate the parameters of both stochastic frontier production function and ineffi-
ciency effect model simultaneously.

As the table above indicates, the estimated coefficients for land allocated for
honey production, total numbers of hives, and supplement feed were all positive,
which confirms that there is a positive relationship between these inputs and
the output. Besides, the positive coefficients of these variable inputs imply that
an increase in quantities of these inputs would increase output. Though, on avera-
ge, as we increase land allocated to honey production, amount of total numbers of
improved hives, and the amount of supplementary feed for the production of ho-
ney by 1% each, we can increase the level of honey output by 0.169, 0.635 and
0.44% respectively. In another way, the elasticity of production which is the per-
centage change in output as a ratio of a percentage change in input was used to
calculate the rate of return to scale which is a measure of a firm/farm's success in
producing maximum output from a set of input (Farrell, 1957). The returns to
scale were used to measure the proportionate increase in output resulting from
a given proportionate increase in all inputs. The returns to scale can be either of
increasing, decreasing or constant, if the sum of the estimated partial elasticity's is
more significant than, less than or equal to one, respectively. As it is indicated
in the table above, the summation of the partial elasticity's (3 er-rzs) of all input is
1.301. This implies that an increase in these inputs by one percent may lead to
an increase in production by 1.301%. As the study was initiated to measure how
efficiently honey producer farmers in the study area utilized and organized their
inputs and identify determinants contributing to inefficiency of honey producers
in the study area, there was a need to analyze the technical efficiency of honey
production and determine factors contributing to inefficient in honey production.
Therefore, productive efficiency analysis in honey production was estimated based
on the performances relative to the observed or estimated average honey output.

It should be noted that all the parameter coefficients of the production vari-
ables were obtained by the value of their physical quantity. In this study, it was
found that except labour, all the other variables found to be significant. This might
indicate that they could have a significant role in honey production in the study
area. Though total number hives, supplementary feed, and land allocated for ho-
ney production contribute to high to honey production, it also indicated that it was
underutilized by farmers in the study area.

Estimation of farm-level technical efficiency

The mean level of technical efficiency of honey-producing farmers was about
74%, with the minimum and maximum efficiency level of about 25 and 90% re-
spectively. This shows that there is a wide disparity among honey producer far-
mers in their level of technical efficiency, which may, in turn, indicate that there
exists room for improving the current level of honey production by enhancing
the level of farmers' technical efficiency. The mean level of technical efficiency
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further tells us that the level of honey output of the sample respondents can be in-
creased on average by about 26% if appropriate measures are taken to improve
the level of efficiency of honey growing farmers. In other words, there is a possi-
bility to increase the yield of honey by about 28% using the resources at their dis-
posal in an efficient manner without introducing any other improved (external) in-
puts and practices.

Technical efficieny score (%)

60

M No. of farmers
M Percent

<30 31-40 41-50 51-60 61-70 71-80 81-90

Figure. Percentage distribution of farmers by technical efficiency scores

Source: own elaboration.

Moreover, there is a considerable difference in technical efficiency among
farmers that ranged from a minimum of 25 to a maximum of 90. A frequency dis-
tribution presented in the bar graph in range shows that about 70% of the samp-
le farmers were operating below the overall mean level of technical efficiency.
At the same time, about 3.61% of the farmers were operating at the technical ef-
ficiency level of more than 80%.

Determinants of inefficiency

The coefficients of honey production inefficiency variables included in
the model were estimated using the estimated level of 7F as the variable. Since
the dependent variable of the inefficiency function represents the model of ineffi-
ciency, a negative sign on an estimated parameter implies that the associated vari-
able had a positive effect on efficiency, and a positive sign indicates that the re-
verse is true. The table below presents the sources/determinants of technical inef-
ficiency in honey production.

In this study, education measured in years of formal schooling, as expected,
the sign of education was negative, implying that less-educated farmers are not tech-
nically efficient than those that have relatively more education. This could be be-
cause; educated farmers can use information from various sources and can apply
the new information and technologies on their farm that would increase outputs of
honey. This result was in line with the findings of most studies reviewed, including
those of (Shiferaw, Gebremedhin, 2016).

As can be seen in Table 6, the perceived landholding had a significant and
positive impact on technical efficiencies, as expected. This implies that land is an es-
sential factor in influencing the level of efficiency in the production of honey.
The result is consistent with (Fekadu, 2004).
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Table 6
Maximum likelihood estimates of the factors determining technical inefficiency
Variables Coefficients Std. err.
Age 0.0436 0.0286
Sex 0.7942 0.8841
Education 0.2007*** 0.0635
Family size 0.0913 0.1087
Landholding 0.1155** 0.0510
Experience -0.0137 0.0401
Information -0.0104 0.2328
Income 0.0001* 0.0001
Distance to the nearest market 0.0099 0.0171
Credit source -0.5570 0.4452
Extension contact 0.8440* 0.4996
Training 1.7024*** 0.5116
Cons 4.4394*** 1.4748

Note: significant at ***(1%), **(5%) and *(10%).
Source: authors’ computation (2018).

Income is an essential variable in explaining the variation of technical effi-
ciency among farmers. The positive and significant impact of income in this study
implies that if the farmer's income increases, it enables them to make timely pur-
chases of inputs. In other words, farmers who had enough income were more
technically efficient than farmers who had no income source. This result is con-
sistent with (Shiferaw, Gebremedhin, 2016).

The result also shows that extension determined the inefficiency level of
farmers negatively and significantly. This is consistent with the prior expectation
that those farmers that had relatively more extended extension contact will score
a higher efficiency level. The improvement in the production system of honey in
the study area was the significant focuses of extension. The integration of income
and input supply with the extension system as a package approach was supposed
to have induced the use of improved technologies in the production of honey.
In the study area, the contact those farmers have with extension workers play
a significant role in improving the level of technical efficiency. The result obtai-
ned reveals that, given the existing technology at hand, bringing farmers under
extension contact and rendering them the necessary advisory service in every aspect
can help farmers increase their level of technical efficiency in honey production.

As more beekeeping training they receive, the more technically efficient
the beekeeper becomes. This finding is in line with that of A. Olohungbebe and
P. Daniel (2015), who noted that adequate training on the rudiments of beeke-
eping determined the improvement of resource use efficiency for honey produc-
tion. The training and extension services the beekeepers receive tends to streng-
then beekeepers' technical know-how, thereby improving their beekeeping perfor-
mance. Exposure to training and extension services allows beekeepers to acquire
new insights into beekeeping.

Conclusion

Productivity can be improved in two ways either by introducing new agri-
cultural production technologies or improving the technical efficiency levels of
farmers which is the possible strategies to increase the productivity of the agricul-
tural sector in the country. Technical efficiency has remained an essential subject
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of empirical investigation, particularly in developing economies where the majori-
ty of the farmers are resource-poor. Alternatively, productivity growth may attri-
bute to either technological progress or efficiency improvement. Improving the tech-
nical efficiency of the farmer plays a significant role in increasing productivity,
given the current state of technology. This paper analyzed the technical efficiency
and factors that explain the variation in efficiency among honey-producing far-
mers in the Gomma and Gera district of Oromia National Regional State. Relevant
data related to honey production were collected for the 2016/17 production season
from 195 sample farmers. The Cobb — Douglas stochastic production frontier mo-
del with inefficiency effects was used to analyze the level of technical efficiency
of the farmers concerning honey production and the causes of technical inefficien-
cy differentials among the farmers.

The hypothesis that technical efficiency effects are absent, given the specifi-
cation of Cobb — Douglas stochastic frontier production function, was rejected ba-
sed on the results of the econometric model. This shows that the technical ineffi-
ciency exists in the sample farmers considered. Hence, the normal response func-
tion that all farmers are fully technically efficient is not supported by the result
obtained from the statistical analysis of the data.

The estimated stochastic production frontier model indicated that by land al-
located for honey production, the total number of hives and supplementary feeds
is significant determinants of honey output. The positive coefficient of these para-
meters indicates that increased use of these inputs will increase the production
level to a greater extent. Hence, given that these inputs are used to their maximum
potential, the introduction and dissemination of these inputs will increase the pro-
duction level of honey in the study area. Also, the estimated result of the Cobb —
Douglas production frontier indicated that a significant proportion of the variation
in the stochastic frontier production function is due to technical inefficiency. This
implies that the presence of a chance for improvement of farmers' productivity through
better technical efficiency. The mean technical efficiency level of 74% indicates
that production can be increased by 26%. Hence, if inputs are used to their maxi-
mum potential, there will be considerable gain from improvements in technical ef-
ficiency.

Moreover, there is wide variability in the technical efficiency level of farmers,
and only a few farmers attained efficiency levels of more than 80% for honey
production in the study area. This inefficiency, however, can be improved if fac-
tors that determine the technical efficiency level of farmers in the production of
honey among farmers in the study area are identified. The estimated model, to-
gether with the inefficiency, showed that the educational level of the household
head, landholding of the household, and income of the farmers, frequency of ex-
tension contact, and training are significant determinants of the technical ineffi-
ciency level of the farmers in honey production.

In general, the SPF model showed that production could be improved by in-
creasing the use of inputs. There is considerable room to improve the efficiency of
farmers in honey production. The implication is that there will be a considerable
gain in production level if the introduction and distribution of agricultural tech-
nologies are joined with improving the current level of efficiency.
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Recommendations

Those farmers that are educated are relatively more technically efficient than
uneducated ones in the study area. This is because educated farmers have access
to information and better communication media that helps them to use modern
agricultural honey production technologies efficiently. Education is fundamental
in improving the technical efficiency of farmers. Therefore, the regional govern-
ment should facilitate farmers' access to education that could be implemented
through the expansion of farmers' training center or expansion of formal and non-
formal education in the area.

Landholding of beekeeping affected the technical efficiency of farmers posi-
tively. Therefore, the regional government and the concerned sectors must create
awareness on the land allotted for beekeeping in honey production.

It was shown that the income of the farmers had a positive correlation with
technical efficiency since if the farmer's income increases, it enables them to
make timely purchases of inputs. So the regional government gives attention to
diversifying the source of income for the farmers in the area.

The result of the study reveals that farmers who have extension contact were
more efficient than farmers without extension contact. So farmers with no exten-
sion contact can improve their performance level at least to be as technically effi-
cient as those who have contact with extension workers. Hence, given the existing
technology at hand, bringing farmers under extension contact and rendering them
the necessary advisory service can help farmers increase their level of technical
efficiency of honey production.

Training also influences technical efficiency. So training on honey produc-
tion has to be created via the establishment of sufficient training institutions and
strengthening of the available development agents to assist farmers in terms of
training to improve productivity, honey.
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Hay4Hadqa ctatbs

YBenuyeHue aPpPpeKTMBHOCTU PEepMeEepPCKUX XO3ANCTB
B 30He L) XuMmbl, dduonua

X. Jlerecce!, 51. Bekene!, M. Baucca', T. JlemmaZ

'VauBepcurer JHKHUMMBI
Dedepamusnas [lemoxpamuueckas Pecnyonuxa guonusa, Knysxc-Hanoxa,
Tloumosuvlii oguc, auux 307
2Crennen6occKuii yHUBEPCHTET
FOoicno-Agpuranckas Pecnybnuxa, 7602, Cmennenboc, Matieland, Private Bag X1

B craTtbe aHamu3upyoTcs GakTopsl 3PPEKTHBHOCTH (PEPMEPCKUX XO3SIHCTB MO MPOH3-
BOJICTBY Mefa B paiioHax ['omma u I'epa 30HbI [xumMmel. JlanHble ObLTH MOTydeHs! 0T 194 ciy-
9aiiHO OTOOPaHHBIX (HEPMEPCKUX XO3SICTB, MPOM3BOIAIMINX MeA. VcciemnoBanue moKas3ano, 9To
YBEJIMYEHUE KOJMYECTBA YJIbEB U JOIMOJHUTEIbHBIX KOPMOB MOJOKUTEILHO BIHMIET Ha Ypo-
xalHOCTh Mena. JlanpHeiliee n3yuyeHne BhISBIIIO Pa3iINyuus B TEXHUYECKOH 2(PEeKTUBHOCTH
CpeIy MMPOU3BOMTENICH MeIa B UCCIieyeMol o0siacTu. B pe3yibrare ObUIO YCTaHOBIICHO, YTO
okoo 84 % pasnuuuii B IPOM3BOJACTBE Mela Cpeau (pepMepoB OOBICHICTCS TEXHUYECKOU
Hed(hpexTuBHOCTHIO. CpeTHUN YPOBEHb TEXHUYECKOH 3(PPEKTUBHOCTU MPOU3BOIUTENICH Me-
Jla cocTaBm 0K0JI0 74 %. DTO MOKa3bIBaET, UTO CYUIECTBYET BO3MOKHOCTh MOBBICUThH ypO-
BEHb MPOU3BOJCTBA MeJla MPUMEPHO Ha 26 % 3a CUEeT UCIOJIb30BAHUS ONbITA U TEXHUUECKUX
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