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Abstract: This paper investigates technical efficiencies of bee-keeping farms and their determinants, using

stochastic production frontier function, in Oke-Ogun area of Northern Oyo State. Primary data were

collected using a multistage sampling technique on 60 respondents. Data collected included the direct

(tractable)  inputs such as land area, number of hives, other implements, baiting materials and labour.

They also included socio-economic variables such as sex, age, experience etc. Results show that the mean

technical efficiency of the bee keeping farms is 0.854. Most of the respondents are also fairly efficient

in the use of available resources. The most important factors, which determine technical efficiency, are

marital status and major occupation of the honey producers. Although, the beekeepers were found to be

generally fairly efficient, there is room for improvement in the use of available resources under a

guaranteed and conducive environment. The environment in essence should guarantee availability of

resources (including the productivity increasing inputs), product prices, which do not fluctuate and the

introduction of more modern and recent bee-keeping techniques.
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INTRODUCTION

Honey, which is one of the products in bee-

keeping farms, is the sweetest natural material. It has

been in use since time immemorial . Honey has been[1]

discovered to comprise mostly plant sugars that are

readily absorbed by the body. Honey is composed of

water, food, energy, protein, fat, carbohydrate, ash,

calcium, phosphorus, iron, sodium, potassium, vitamin

A, thiamine, riboflavin and vitamin C (ascorbic acid).

All these substances give honey its nutritional and

healing properties. The nutritional, health giving and

healing properties of honey have been praised through

the ages. According to the Food and Agriculture

Organisation , honey contains a diversity of[9 ]

substances, which are indispensable to all living things.

Apart from honey, other products such as bee wax,

propolis and royal jelly among others can be obtained

from bee keeping, which are also enormous income

generating products.

Although, honey and other bee keeping bee-

keeping products are very important (economically and

socially), man has not fully realised this fact. Bee

keeping is regarded as a vocation. It is yet to be

practised as a paying occupation. It is obvious that the

practice improves the ecology of an environment and

helps in plant reproduction, which largely improves the

living standard of the people and the nation’s economy

as a whole. Despite its numerous benefits and uses to

human beings and its importance in the society, very

few people are engaged in bee keeping. Consequently,

the few people that engage in it as a business are not

only sceptical but are also not totally committed to it.

Another source of concern is that because of the

associated bee-keeping problems, especially the

seemingly lack of technical know-how, only little or

nothing is known about the level of technical efficiency

of the few who practise it. This means that the

sustainability of bee keeping for honey and the

production of other products may not be ascertained.

This stems from the fact that the ability to produce

maximum output from a given set of inputs (technical

efficiency), given the available bee-keeping technology

has not been fully understood. This paper is therefore

designed to among other things, estimate the technical

efficiency of bee keeping farms. The paper also seeks

to investigate the factors, which influence the levels of

efficiency in bee-keeping farms.

MATERIALS AND METHODS

The Study Area: The study was conducted in Oke-

Ogun area in the northern part of Oyo State, Nigeria.

The area is made up of 10 out of the 33 local
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government areas of the state. The indigenes of the

area belong to the Yoruba tribe and are composed of

the sub-ethnic group called the “Onkos”. However,

non-indigenes from all parts of Nigeria and foreigners,

particularly from neighbouring Benin Republic reside

in the area.  These non-indigenes mostly engage in

cross-border trade. The rainfall distribution is between

1,000mm – 1,400mm, which serves as a condition that

facilitates bee-keeping activities for honey production.

The people in the area are small farmers but some also

produce honey both in the traditional (bee-hunting) and

in the modern ways. For ease of data collection

however, this study was meant to collect information

from modern beekeepers. 

Data Source, Collection Procedure and Sampling:

Primary  data  were  mainly  used  for  the  study.

The value of honey output and other beekeeping

products (in quantity and later in money terms) was

obtained by adding cash receipts from honey sold to

those consumed in the households, and those released

as gifts. Data on the level of production inputs used

were also obtained. These included the direct or

tractable inputs such as land, number of hives, baiting

materials, other equipment and labour. Furthermore,

data  on  the  farmer-specific (inefficiency) factors

were also collected. They include: age, educational

level, marital status, major occupation, membership of

social  groups  and  number  of  years of experience

in beekeeping. 

All the 10 local government areas (combined) in

the Oke-Ogun area of Oyo State were surveyed for

data collection. A list of bee-keeping farms was

generated for each local government. From the

generated list, a proportionate random sampling resulted

in a sample totalling 90 respondents in the study area.

Structured questionnaire was used to collect information

on the data required. In all, 60 copies of the

questionnaire were used in the data analysis. The rest

were either not returned or discarded for their

inconsistent responses.

Analytical Framework and Techniques: The

analytical tool employed in this study emanates from

the framework of productive efficiency. This is based

on the attainment of production goal without waste.

The fundamental idea underlying all efficiency

measures however, is that of the quantity of goods and

services per unit of input . There are two basic[2]

methods of measuring technical efficiency: the classical

and the frontier approach. Controversies and

dissatisfaction with the shortcomings of the classical

approach led economists to develop advanced

econometric, statistical and linear programming

techniques aimed at analysing technical efficiency

related issues. All of these techniques have in common,

the concept of a frontier. This implies that efficient

firms are those operating on the production frontier,

while inefficient firms are those operating below the

production frontier. The amount by which a firm lies

below its production frontier is regarded as the measure

of inefficiency. The frontier approach to efficiency

dates back to the earliest work of Farrell . Various[8]

transformations have been made on frontier production

function in considering the possibility of its estimation.

Literature on the application of this is found in the

works of Battese , Bravo-Ureta and Pinheiro  and[3] [5]

Coelli  among others. They are (the works elicited[6 ]

above) however efforts to bridge the gap between

theory  and  empirical works. There exist the single

and two-stages of analysing the technical inefficiencies

of firms .[11]

However,  works of some authors in the last

decade of the last century e.g. Huang and Lui ,[10]

Battese et al.  have challenged the theoretical[4]

consistency of the two-stage analytical techniques in

the investigation of the sources of technical

inefficiencies in different industries. They have

therefore proposed the use of stochastic frontier

specifications, which incorporate models for the

technical inefficiency effects and simultaneously

estimate all the parameters involved. The analytical

model applied to the data collected for this study

considered  specifications  related to  those  of

Battese et al.  and Ajibefun and Daramola  among[4] [2]

others. The empirical stochastic production frontier

model (via Cobb-Douglas) applied in the analysis of

Technical  Efficiency  of  honey production is

specified as follows:

    (1)

Where i (i=1, 2, ..., n) represents the ith sample

farm, and j(j=1,2,…, m) represents the jth independent

variable.

ln denotes logarithm to base e.

Y = Value of bee-keeping products, in Naira

0 5â  â  = Coefficients to be estimated

ji X = Independent variable j (j = 1, 2,……..,5) as

follows:

1X  = Area devoted to bee-keeping farm in acre

2X  = Number of hives

3X  = Cost of other materials in Naira

4X  = Cost of baiting materials in Naira

5X  = Labour use in manday

iV  = Stochastic disturbance term

iì  = Technical inefficiency term
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However, technical inefficiency is assumed to be

explained by

        (2)

Where

i iì  = Technical inefficiency term (The ì  s are non-

negative random variables and are associated with

technical inefficiency of production of the respondent

farmers)

0 7ä  - ä  = Coefficients to be estimated

1Z  = Sex

2Z  = Age in years

3Z  = Educational level in years

4Z  = Marital Status

5Z  = Major occupation

6Z  = Membership of social group

7Z  = Number of years of experience in honey

production

iì  = Technical efficiency term

5The estimates of the â  are expected to be greater

sthan zero, a priori, for all X  in (1). In (2), the dummy

variables include;

1Z  (Sex); 1 = male and 0 = female

4Z  (Marital Status); 1 = married and 0 = non-married

5Z  (Major occupation); 1 = farming and 0 = others

6Z  (Membership of social group); 1 = member and 0 =

1 1non-member â  and ä  are the unknown parameters to

be estimated. In this study, parameters of the stochastic

frontier production function are estimated using

maximum likelihood estimation method, using the

computer program; Frontier Version 4.1 .[7]

RESULTS AND DISCUSSION

The maximum likelihood estimates (MLE) of the

stochastic frontier production function are presented in

Table 1. The estimate of sigma-squared (ó ), which is2

0.135 is significantly different from zero, indicating a

good fit and correctness of distributional assumption

specified. The variance of ratio (q) which measures the

effect of technical inefficiency in the variations of

observed output has a value of 0.026. This means that

2.6 (or about 3) percent of the difference between the

observed and maximum production frontier outputs

were due to differences in farmer’s level of technical

efficiency  and  not related to random variability.

These factors are under control of the farm and the

influence of which can be reduced to enhance technical

efficiency of the bee-keeping. With a downward shift

2 3 4in the constant term, the coefficient of â , â  and â

become significant. It was also observed that the firm-

specific  technical  efficiency  varied between 0.659

and 1, (Table 2) with mean technical efficiency (TE)

of 0.85. This implies that in the short-run; it is possible

to increase yield in the study area on the average by

15percent by using the technology of best performers.

The farm specific efficiency frequency distribution

is shown in Table 3. For policy purposes, it is useful

to identify the sources of these inefficiencies which can

be done by investigating the relationship between the

1 7computed TE and ä  to ä . All the variables have

5 7positive relationship with TE except ä  to ä  (Table 1).

The variables with positive coefficients are age,

educational level and marital status. A negative

coefficient means that the variable is improving

technical efficiency; that is the farmer becomes less

technically inefficient as the level of the variable

increases. A positive coefficient on the other hand

implies technical inefficiency. Results however show

that only marital status and occupation are statistically

significant at 1 and 5 percent probability levels

respectively. The positive coefficients of the variable

on marital status implies that married honey producers

are more technically inefficient than the honey

producers who are single. The negative coefficient of

the occupation variable implies that honey producers

who are mainly into farming tend to be less technically

inefficienct than those who have honey production as

ancillary occupation. The results obtained here indicate

that more of the technical efficiency levels approaching

unity would have been recorded if there were more

unmarried than married honey producers in the sample

(there were only 4 unmarried). Results also indicate

that the number of honey producers with technical

efficiency levels of close to unity would have equally

been recorded. This is possible if there were more

honey producers who were mainly into farming than

those who produce honey as a minor occupation. 

Estimate of Cobb Douglas production function for

bee-keeping farms are presented in Table 4. All the

variables included in the model for the bee-keeping

farms had expected signs. All the explanatory variables

5 2 3(except X ) had positive signs with â  and â  having

2significant impact on the output. The coefficients of â

3and â  are 0.242 and 0.304 respectively. This implies

2 3that 100 percent increase in â  (hives) and â  (other

implements) will improve the output by 24.2 percent

and 30.4 percent respectively. The regression

coefficients of Cobb-Douglas production function are

the production elasticities, and their sum indicates the

return-to-scale. The estimate for return-to-scale for bee-

keeping is significantly less than unity. The estimate of

0.618 is fairly low indicating decreasing return-to-scale

in bee-keeping operations in the study area. This shows
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Table 1: M aximum Likelihood Estim ates of the Parameters of the

Stochastic Production Function (Technical Efficiency

M odel).

Variable Param eters Estimate S.E

0Constant â 4.455 0.119

1Land â 0.089 0.074

2Hives â 0.259** 0.107

3Other im plements â 0.300* 0.032

4Baiting materials â 0.260*** 0.149

5Labour â -0.102 0.078

                           Inefficiency factors

0Constant ä 0.0112 0.504

1Sex ä -0.0327 0.116

2Age ä 0.0017 0.0114

3Educational Level ä 0.0224 0.066

4M arital Status ä 0.209** 0.074

5Occupation ä -0.196* 0.102

6M embership of social group ä -0.235 0.352

7Experience ä -0.318 0.024

Log likelihood ratio -24.71

Sigma Square ó 0.1354 0.0362

Gamma ä 0.0261 0.022

Source: Data Analysis, 2007.

* Significant at 1%; ** Significant at 5%; *** Significant at 10% ;

S.E = Standard Error

Table 2: Efficiency Level of Each Farm Firm.

Firm Efficiency estimate Firm Efficiency estimate

1 0.964 31 0.849

2 0.9754 32 0.829

3 0.9566 33 0.9461

4 0.7067 34 0.993

5 0.9354 35 0.6938

6 0.8818 36 0.9877

7 0.9661 37 0.8614

8 0.8842 38 0.9529

9 0.9882 39 0.9528

10 0.974 40 0.9526

11 0.7486 41 0.9787

12 0.7028 42 0.6681

13 0.6902 43 0.7783

14 0.792 44 0.6943

15 0.9055 45 0.984

16 0.7459 46 0.8127

17 0.7076 47 0.9297

18 0.8466 48 0.7856

19 0.8639 49 0.8451

20 0.776 50 0.8672

21 0.7864 51 0.9549

22 0.8642 52 0.8423

23 0.7952 53 0.9186

24 0.9847 54 0.9716

25 0.7921 55 0.9428

26 0.9315 56 0.7187

27 0.8175 57 0.773

28 0.6597 58 0.8267

29 0.9329 59 0.8617

30 0.6592 60 0.8262

M ean TE 0.8543

Source: Data Analysis, 2007.

*TE = Technical Efficiency

Table 3: Frequency Distribution of Technical Efficiency of Honey

Producers.

Efficiency Level Frequency Percentage Cum ulative Percentage

0.61 #  Te < 0.70 7 11.67 -

0.7  #   Te < 0.80 12 20 31.67

0.8  #    Te < 0.90 17 28.33 60.00

Te $  0.9 24 40.00 100.00

Total 60 100.00

Source: Data Analysis, 2007; Te: Technical Efficiency

Table 4: Elasticity Estim ates and Returns to Scale for Honey

Producers

Variable Elasticity

Land 0.0161

Hives 0.2421

Implements 0.3044

Baiting materials 0.1780

Labour -0.1229

Returns-to-scale 0.6177

Source: Data Analysis, 2007.

that an increase in all the inputs included in the
explanatory variables would result in less than
proportionate increase in the output. This can mainly
be explained in terms of managerial limitations and
inefficient resource use. Output can still be increased
with current available resources.

Conclusion: This study empirically estimated technical
efficiency of bee-keeping farms and also identified the
socio-economic factors that determine the level of
estimated technical efficiency of the sampled
respondents. Results indicate that the mean technical
efficiency of the sampled respondents is not too far
from the respective efficiency values for each of the
bee-keeping farms. The direct variable (inputs), which
will increase production are number of hives, other
implements and baiting materials. This implies that the
combined effects of the above stated direct variables
will bring about a substantial increase in beekeeping
output. This also means the consistent availability of
these inputs will ensure commensurate bee-keeping
products. This also generates ready income for the bee-
keepers bee-keeping products.

Results from the socio-economic characteristics of
the respondents in the study area shows that married
men currently dominate honey production. Results also
show that bee-keepers who are farmers are more
technically efficient than those who keep bees as a
secondary occupation. The implication of the results is
that increased and sustainable honey production would
better be achieved through young producers who can
devote their full time to honey production. Although,
the bee-keepers were found to be generally fairly
efficient, there is room for improvement in the use of
available resources under a guaranteed and conducive
environment. The environment in essence should
guarantee availability of resources (including the
productivity increasing inputs), product prices, which
do not fluctuate and the introduction of more modern
and recent bee-keeping techniques.
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