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             Abstract
The objective of this study was to examine the determinants of technical efficiency (TE) of soybean production in the Guinea savannas. A 

stochastic frontier production function, using maximum likelihood estimation (MLE) technique was applied in the analysis of data collected in 

2006 from a sample of 182 soybean farmers in the guinea savannas of Borno State, Nigeria. The MLE results revealed that farm size, seeds, family 

labour, hired labour and fertilizer were the major factors that were associated with change in the output of soybeans and were significant (ρ = 0.05). 

About 78% variations in the farmers output can be attributed to differences in their technical efficiency. The mean farmers TE index was found to 

be 0.79. The implication is that soybean production could be increased by approximately 21% through the improved use of available resources, 

given the current state of technology. Farmer-specific efficiency factors, which comprise age, gender and use of animal traction and market 

accessibility, were the significant factors that account for the observed variation in efficiency among the farmers. The policy implication of this 

finding is that providing farmers with effective market linkage, access to education, especially extension education and credit facilities to purchase 

animal traction will strengthen their present level of TE and the productivity potential of the soybean farmers in the study area. 
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              Introduction

Soybean is a major industrial crop, which is also used as a food 

crop in many parts of the world. Its potential as a legume crop in 

the making of snacks and various foods is very high. In Nigeria, 

protein deficiency is common, especially among children. 

Therefore, the increased production and utilization of soybean 

play significant role in the mitigation of malnutrition problems 

associated with protein deficiency in Nigeria 1. Presently, soybean 

is seen as a women’s crop, because of the greater number of 

women who were involved in its cultivation, especially in the 

northern part of Nigeria 2.

   Soybean production is a relatively new practice in Borno State. 

Within the last 3 years, extensive research and promotion efforts 

on soybean production and utilization have been carried out by 

a project of International Institute of Tropical Agriculture (IITA) 

supported by Canadian International Development Agency 

(CIDA). Farmers in Borno State used soybean for making several 

dishes: soymilk, soy cheese, dadawa and tom brown (infant 

weaning formula). 

   Several authors have investigated the relationship between 

efficiency and various farmer-specific factors. Amaza et al. 3

observed that age, education, access to credit, access to extension 

services and crop diversification were the significant factors that 

account for the observed variation in efficiency among food crop 

farmers in the Guinea savannas of Nigeria. Similarly, Okoruwa et

al. 4 in their study of rice farmers in Nigeria, observed that all the 

socioeconomic variables (age, education, experience, household 

size, gender and seed variety) tested against efficiency were 

significant, there was no clear strategy (except for seed variety) 

that could be recommended to improve performance. One possible 

explanation for the finding is the existence of stage of development 

threshold below which there is no consistent relationship between 

socioeconomic variables and productivity. While most of the 

studies that linked technical efficiency and socioeconomic 

variables deal with food crops 3-6, there are limited studies that 

focused on non-food or industrial crops, especially from the 

guinea savanna agro-ecological zones. In view of this, there is a 

need to examine empirically the influence of socioeconomic 

variables on the technical efficiency (TE) of soybean production, 

a major emerging industrial crop in the guinea savannas of Borno 

State, Nigeria. The extent that the study will identify factors at 

the farm-level that affect farmers’ efficiency in soybean production 

and determine the opportunities for increasing output, it will help 

in providing information for the formulation of appropriate policies 

that can push the production frontier to a higher level. 

Material and Methods

Study area and the data: The study was conducted in Borno 

State, in northern Nigeria, covering an area of 69,435 km2. The 

state is demarcated in the four ecological zones: southern and 

northern Guinea savanna in the south, Sudan savanna in the 

south and central areas, and the Sahel in the north. The annual 

precipitation ranges from less than 600 mm in the north to 1500 
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mm in the south, and varies from year to year, with a trend towards 

smaller amounts for the past decades. According to the latest 

census, the state has a population of 4.2 $million people. 

   The study used mainly primary data. Multi-stage random 

sampling techniques were employed in the selection of a sample 

of 182 soybean farmers located in the Guinea savanna ecological 

zone of the state. Data collected included: quantities of farm 

outputs, farm size, quantity of seeds planted, family labour in 

man-days, hired labour costs in naira, quantity of fertilizer used, 

age of the farmers, and level of education of farmers, gender, 

access to market and animal traction. 

Theoretical and analytical framework: In traditional economic 

theory, efficiency is generally assumed as an outcome of price- 

taking, competitive behaviour. In this context, assuming no 

uncertainty, a production function shows the maximum level of 

output that can be obtained from given inputs and prevailing 

technology. However, variation in maximum output can also occur 

either as a result of stochastic effects (such as good or bad 

weather, measurement error, and so on). It can also be attributed 

to the fact that firms in the industry may be operating at various 

levels of inefficiency due to mismanagement, poor incentive 

structure, and imperfect competitive behaviour, in appropriate 

input levels or combinations of these factors. 

   The econometric technique used in this paper 7 allows for a 

decomposition of these effects and a precise measure of technical 

inefficiency defined as the ratio of observed output to the 

corresponding (estimated) maximum output specified by the 

frontier production function given inputs and stochastic 

variation. 

   Stochastic production frontiers were independently developed 

by Aigner et al. 8 and Meeusen and Van den Broeck 9. The 

specification allows for a non-negative random component in 

the error term to generate a measure of technical inefficiency or 

the ratio of actual to expected maximum output, given inputs and 

the existing technology. 

The specification can be expressed as: 

Y
i

= f (X
i
; β

i
)eν−υ (1) 

where Y
i
 represents the output, X

i
 represents a vector of inputs 

and β a vector of parameters to be estimated. 

   The error term µ
i
 is assumed to be independently and identically 

distributed as N~ (0, σ2
v
) and captures random variation in output 

due to factors beyond the control of firms, such as weather, 

measurement error, and so on. The error term υ
i
 captures technical 

inefficiency in production, assumed to be firm-specific, non- 

negative random variables, independently distributed as non- 

negative truncation (at zero distribution becomes half normal) of 

the distribution | Ν (µ1, δ
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µ
i
 = δ

0
 + Z

i
δ (2) 

defines inefficiency distribution parameters for Z
i
 a vector of 

firm-specific effects that determine technical inefficiency and δ is
vector of parameters to be estimated. 

   The condition that υ≤0  in Equation 1 guarantees that all 

observations lie on or beneath the stochastic production frontier. 

Following Battese and Corra 11 and Battese and Coelli 12, variance 

terms are parameterized by replacing σ2
v
 and σ2

u
 with σ2 = σ2

u
+σ2

v

and γ = σ2
u
/ σ2, where γ lie between zero and one. Zero indicates 

that the deviation from output is due mainly to noise (effect of 

change in weather, measurement error and so on) while one 

indicates that the deviation is due entirely to technical inefficiency. 

However, technical efficiency of the i-th firm can be defined as: 

E is the usual expectation operator. The measure of technical 

efficiency is thus based on the conditional expectation given by 

Equation 3; given the values of ν
i
- υ

i
 evaluated at the maximum 

likelihood parameters estimates in the model 6. The measure TE
i

clearly must have a value between zero and one. The overall 

mean technical efficiency of a firm is estimated using the 

relationship:

where Φ (.) represents the density function for the standard normal 

variable.

Model specification: Generalized likelihood ratio tests are used 

to help confirm the functional form and specification of the model. 

A Cobb-Douglas functional form was thus selected. Therefore, 

based on Equation 1 the cross-sectional data used in the analysis, 

specify the production function in log-linear functional form 

explicitly defined as: 
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where Y is the annual soybean produced per annum per farm 

family in kilograms; Size represents farm size in ha; seeds 

represents planting materials in kg; Flabour represents family 

labour in mandays; Hlabour represents hired labour cost in naira 

while fert represents chemicals used in soybean production in 

kg.

   The farmer-specific factors used in the technical inefficiency 

distribution parameters, or Equation (2), are age (Z
1
), education 

(Z
2
), gender (D

1
) [dummy; male = 1; female = 0], relative 

accessibility to market (D
2
) [dummy; easy access to market = 1; 

difficult access to market = 0], animal traction (D
3
) [dummy; access 

to animal traction = 1; no access to animal traction = 0] and 

explicitly defined as: 
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The parameters of the maximum likelihood estimates (MLE) of 

the stochastic frontier production function were obtained using 

FRONTIER4.1c13.

Hypotheses testing: Generalized likelihood ratio (LR) test is used 

to (1) evaluate suitable functional forms that best describe the 

data for the analysis (i.e. H
0
: βjk  = 0), (2) the null hypothesis of 

the absence of technical inefficiency effects (H
0
:γ = 0 = δ

0
 = δ

1
 = 

δ
2
 = δ

3
 = δ

4
= δ

5
), (3) the null hypothesis that inefficiency effects 

are not stochastic (H
0
: γ  = 0). The generalized likelihood test 

statistic is expressed as follows: 

LR = -2{In [L (H
0
) –L (H

a
)]}    (6) 

where L (H
0
) is the log-likelihood value of the restricted model 

specified by the formulated null hypothesis while L (H
a
) is the 

 $Based on 2006 population census. 
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Log-likelihood value of the unrestricted model formulated by the 

alternative hypothesis. 

Results and Discussion

Summary statistics of variables: Descriptive statistics of variables 

are presented in Table 1. An average annual soybean output of 

310 kg per respondent was recorded. Approximately 66% were 

male, 68% had access to markets and 65% of the farmers had 

access to animal traction, as this is an important factor in 

agricultural production in the Guinea savannas of Nigeria. 

Results of hypotheses testing: As a pre-test, the null hypothesis 

of a Cobb-Douglas form of Equation 1 was tested against a 

generalized trans-log specification by setting the relevant 

parameters for squared and interaction terms in the trans-log form 

equal to zero. The resulting test statistics was χ2 = 16.27 compared 

to a critical value of 12.54 presented in Table 2. Hence, a Cobb- 

Douglas functional form was thus selected. 

   Similarly the null hypothesis that technical inefficiency effects 

are absent (H
0
: γ = 0 = δ

0
 = δ

1
 = δ

2
 = δ

3
 = δ

4
= δ

5
) in Equation 6 was 

rejected as presented in Table 2. Likewise the null hypothesis (γ  = 

0) that is inefficiency effects are not stochastic is also strongly 

rejected.

   The significant gamma (γ) value of 0.784 in the lower part of 

Table 3 indicates that 78.4% of the variation in output among the 

soybean farmers in the study area is due to difference in their 

technical efficiency. These findings confirm that stochastic frontier 

function is appropriate, thereby suggesting that OLS estimates 

are not an adequate representation of the data. 

Production factor analysis: The estimated parameters of the 

coefficient of Cobb-Douglas function is presented in Table 3. All 

the production inputs have a positive coefficient as expected a

priori, implying that the quantity of soybean produced increased 

as the use of these inputs increased. All the coefficients were 

significant at 95% statistical confidence. The result of return to 

scale of 0.63 presented in Table 4 shows that an average soybean 

farmer in the study area operates in Stage II of production surface. 

This means that the farmers were efficient in the usage of their 

inputs, as confirmed by the size of the return-to-scale (RTS). 

Technical efficiency analysis: The predicted efficiencies scores 

with mean technical efficiency of 79% are presented in Table 5. 

The majority of the farmers (88%) have a technical efficiency index 

above 0.70. The wide efficiency differential among these farmers 

is an indication of substantial efficiency improvement in soybean 

production. The implication of the size of the average TE (79%) is 

that TE in soybean production among the farmers could be 

increased by 21% through better use of available resources; given 

the current state of technology. 

Technical inefficiency factors: Table 3 presents the results for 

the regression analysis of the factors associated with the variation 

in technical inefficiency among the sampled farms. Farmers’ 

specific factors, comprising education, accessibility to market, 

and the use of animal traction, are positively related to TE with 

only market accessibility and use of animal traction significant at 

5% level. Age and gender (significant at 1%) are negatively related 

with TE. The positive coefficient of age to technical inefficiency 

can be attributed to the fact that older farmers may be less 

productive because soybean production is highly labour-intensive 

in the study area. Thus under this existing production technology, 

younger farmers tend to be more productive. This finding is not in 

conformity with other studies 3, 15 that found age to have statistical 

effect on the TE of food crop farmers in Nigeria. 

   The positive effect of gender (dummy: male as 1 and female as 0) 

on technical inefficiency implies that the TE of soybean farmers in 

the study area has zero tolerance to the male gender factor despite 

the fact that over 66% of the respondents were male. This implies 

that a respondent is being male has no significant effect on the TE 

farmer. 

   Market accessibility (dummy: easy 

access as 1 and difficulty in access as 0) 

gave a significant effect on the TE of the 

farmers. By implication, it means growing 

soybean when the production unit is 

assured of a market outlet or close to an 

organized market improves farmers’ use 

of available resources. However, most 

importantly, several price and non-price 

factors account for the observed 

significance of market access on farmers’ 

efficiency in soybean production. 

Generally, the prices of soybean are 

unpredictable, and they are characterized 

by fluctuations that are mainly influenced 

by seasonal factors. The typical pattern 

is for prices to drop steeply after harvest 

and then rise gradually. The price 

fluctuation is aggravated by the fact that 

most farmers do not have adequate 

storage facilities. Thus, they sell their 

soybean after harvest when prices are 

relatively low. The role of storage is to 

Null hypotheses  L (H0) L (Ha) LR 2
-critica value Decision 

Production function is Cobb-Douglas 

(i.e. H0: jk =0) 

Absence of inefficiency effect  

(H0:  =0= 0 = 1 = 2 = 3 = 4= 5) 

Inefficiency effects are not stochastic 

(H0:  =0) 

-186.53 

 

-198.47 

 

-203.13 

 

-180.26 

 

-186.53 

 

-186.53 

12.54 

 

23.88 

 

33.20 

16.27 

 

7.05 

 

14.85 

Accepted 

 

Reject 

 

Reject 

Table 2. Generalized likelihood ratio test of hypotheses for parameters of stochastic 

production frontier and technical inefficiency factors. 

Note: The critical values for the hypothesis are obtained from Table 1.14

Variable  Mean     Standard deviation             Minimum     Maximum 

Annual soybean production (kg) 

Farm size (ha) 

Planting materials (kg) 

Family labour (days) 

Hired labour (days) 

Fertilizer (kg) 

Age of the farmer 

Education attainment (yrs) 

Gender  

Market access 

Animal traction 

310                  422                              40.00              3,800 

0.26                 0.58                             0.04                6 

774                  888                              12.00              7,500 

29                    179                              0.00                2,413 

1,509               4,287                           0.00                3,490 

26                    34                                0.00                250 

44                    13                                24                   85 

8                      6                                  0.00                15 

Male equals 66%; Female equals 34% 

Access to market equals 68% of respondents 

Access to work animal equals 65% of respondents 

Table 1. Summary statistics of variables for soybean production in Guinea savannas of 

Nigeria. 
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permit supply to become regularly available and match it with a 

more regular demand during the year. This has the tendency to 

reduce the degree of price fluctuations. Thus, the unequal access 

of farmers to adequate storage facilities exposes them to unequal 

market price advantage, which, in turn, affects the relative 

magnitude of their gross margin, and, therefore, their relative 

economic efficiency in soybean production. 

   Secondly, agricultural markets in developing countries are 

generally characterized by imperfections 16. These imperfections 

which arise from factors such as poor market access due to 

infrastructural deficiencies, especially roads, are likely to affect 

both input and product markets. Thus, poor market access 

increases the farmers’ marketing costs in soybean production. 

This factor has unequal effects on farmers’ AE and, therefore, on 

their relative economic efficiency in soybean production. 

  Thirdly, there is generally a lack of formal market information, 

such as market prices, demand prospects, and so on, in Nigeria’s 

agricultural market. The provision of market information to farmers 

is crucial for the attainment of technical efficiency. Thus, the 

absence or poor development of market information undermines 

most farmers’ bargaining positions vis-à-vis the 

middlemen and, consequently, reduces their technical 

efficiency in soybean production. Again, as this factor 

has a differential impact on farmers, it induces a high 

degree of variation in TE among them. The positive 

influence of accessibility to animal traction is not 

strange, as most farmers in the northern part of Nigeria 

rely on animal traction to carry out cultivation 

operations, such as tilling and ridging. So, access to 

animal traction increases TE of soybean farmers in 

the study area. 

                                  Conclusions

Stochastic production frontier analysis is used in this 

study to analyze the influence of production and 

farmer-specific factors on the TE of soybean farmers 

in the Guinea savannas of Nigeria. The findings show 

that soybean production is characterized by 

inefficiency effects, as confirmed by various likelihood 

ratio tests performed on the parameters of both 

production and inefficiency factors. The production 

factors, such as farm size, planting materials (seeds), 

family labour, hired labour and fertilizer gave positive 

effects on output with farm size, seeds and family 

labour significant at 5% level, an indication that these 

variables at 95% confidence interval are important 

determinants of soybean production in the study area. 

   The average TE of about 79% was obtained from 

the analysis. The implication is that soybean 

production could be increased by approximately 21% 

through the improved use of available resources, 

given the current state of technology. Further analysis 

reveals that education; market access and animal 

traction influenced TE of the farmers positively while 

age and gender influence TE negatively with gender 

significant at 95% confidence interval. The policy 

implication of this finding is that providing farmers 

with effective market linkage, access to education, 

especially extension education and credit facilities to 

purchase animal traction will strengthen their present level of TE 

and the productivity potential of the soybean farmers in the study 

area. 
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