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Abstract
Purpose – The purpose of this paper is to estimate production and scale efficiency of maize producing
farms in South-Western Nigeria.
Design/methodology/approach – This study is based on a semi-parametric approach and uses
a combination of econometrics and linear programming to build two stage Data Envelopment
Analysis (DEA) model.
Findings – Model findings shows existence of production and scale inefficiencies in maize production.
The study concludes that there is still room for efficiency improvements in the existence of the current
maize production technology. It also finds several socio-economic variables such as, off-farm work,
education, extension services and credit, which positively impact on technical efficiency of farm
households.
Practical implications – Efficiency indicators could be used to monitor resource use efficiency in
crop production by local government.
Social implications – Efficiency improvements will increase maize production in the country which
in turn reduce social unrest and food insecurity.
Originality/value – This study is one of the first which has employed DEA approach to analyze
maize productivity and pioneer in using non-traditional bootstrapping approach to obtain robust
efficiency scores in the case of Nigeria.
Keywords Efficiency, Agricultural economies, Developing countries
Paper type Research paper

1. Introduction
Maize crop is the most vital cereal in the world after wheat and rice and one of the
widely consumed staple food crops (e.g. can easily be transformed to a variety of
bi-products for household consumption) in Nigeria. It is accepted as a major energy
source and has higher productivity per man-hour invested among all the cereals. It is
grown as sole crop or as in rotation as intercrop with other crops in almost all
vegetation zones of Nigeria and its cultivation provides working opportunities and
rural livelihoods for the poor. It is as important as sorghum and millet for the country
(Ojo, 2000).
JEL Classifications — Q10, Q12, Q15
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The production of maize is very central to the realization of national food security
and achieving higher agricultural growth. It is a commercial crop and is highly
demanded as a raw material in agro-industrial sector (Iken and Amusa, 2004).
However, it is also subsistence crop and its cultivation even in small lands can feed
rural households and reduce hunger. Hence, any negative change in the supply side can
drag the country into poverty. Recent trends show the stronger demand force for maize
relative to its supply which can be seen from the frequent increase in maize prices
(Aye and Mungatana, 2010). According to FAOSTAT (2011), average maize prices in
Nigeria were one of the highest in the world over the years 1991-2010 (Figure 1).
Nigeria is ranked the second largest maize producer in Africa after South Africa. Its
production in 1990 was 5,768 thousand tons and declined to 4,107 thousand tons
in 2000 but increased to 7,306 thousand tons in 2010. The harvested area, however, was
constantly falling in this period. It dropped from 5,104 thousand ha to 3,336 thousand
ha over the 1990-2010 years (FAOSTAT, 2011). Maize yields relatively increased and
currently it is about 2.2 tons ha1. This is, however, still low if compared to the world
average and to those countries which are leading maize producing countries in Africa
such as South Africa and Egypt with yields 4.7 tons ha1 and 7.4 tons ha1,
respectively. From the recent trends it can be seen that Nigeria is capable of increasing
maize productivity further given the accessible land, labor and other input resources
are used efficiently. In this regard increasing production efficiency[1] of resource
utilization in maize production has significant policy implication for the national
strategies adopted in Agricultural sector which is still a principal sector in Nigeria.
By conducting production efficiency analysis it is possible to illustrate whether
harvesting more crops is still viable by improving present input use efficiency. It helps
to evaluate whether there is a necessity for further investment in agricultural
production and technology or there is still room for obtaining more yields with existing
technologies under the current agricultural set. Moreover, by conducting scale
efficiency (SE) analysis it is possible to draw a clear picture in terms of farm size and
technical efficiency (TE) relationship in crop production. In other words, production
efficiency refers to the utilization of production factors in the most efficient way,
whereas SE provides information about how optimal maize growing land size should
be given the other input resources. This study bases its analysis on input-oriented
Data Envelopment Analysis (DEA) (Charnes et al., 1978, 1981). With an input
orientation, it is possible to illustrate how much resource endowments can be reduced
for a given output level. Since study is also interested investigating some of the factors
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which influence maize production efficiency, it follows recent developments in nonparametric frontier modeling.
The paper utilized the sample which is relatively small, thus, efficiency results
obtained from DEA model could be biased. While small sample size is not avoidable in
the case of developing countries, one way to make results consistent in non-parametric
models is to estimate confidence intervals (CIs) for the efficiency scores. It is not
possible to derive them analytically; hence, CIs could be constructed by using
bootstrapping techniques. The study employed non-naı̈ve bootstrapping approach to
provide robust efficiency scores and construct corresponding CIs. The remainder of
the paper is divided into five sections. Section 2 reviews the literature in the area
of efficiency studies. Section 3 describes the methodology used. Section 4 is devoted to
survey design and data description. Section 5 discusses the result. Conclusions and
policy implications are given in Section 6.
2. Literature review
The degree of inefficiency in resource utilization and a debate of the causes of
efficiency variations took considerable attention in the production and efficiency
literature related to developing economies. Wollni and Brümmer (2012) stressed that
higher efficiency in resource use would lead to enhancements in overall production
and improve farmers’ competitiveness. Earlier, Abdulai and Eberlin (2001) emphasized
that results from efficiency studies could be very helpful in terms of making better
efficiency improving policies. Several African studies which have been conducted in
this area (e.g. Alene and Hassan, 2003; Chirwa, 2007; Aye and Mungatana, 2010)
also reached the similar conclusions. In terms of methodology, there have been used
both non-parametric and parametric approaches to estimate efficiency and to explore
efficiency improving indicators. In the case of Nigeria, for example, Aye and
Mugatana (2010) showed several empirical approaches in the case of maize producers
and demonstrated comparable efficiency levels regardless of the types of
methodologies used.
Efficiency analyses are attractive not only because they allow estimation of
efficiency levels but also because of their convenience to incorporate efficiency
explaining exogenous variables. Although most rural households are engaged in
farming activities, the non-farm sector has got extended considerably in the last
years, and became ever more important (Oseni and Winters, 2009). Many studies tried
to study the relationship between efficiency and farmers’ participation in non-farm
activities. Previous research shows that small and mono-cropping farms as well as
educated farmers are more involved in off-farm business. When a farmer is engaged
in off-farm activities, resource use efficiency decreases due to less time spent on – farm
production (for similar conclusions see also, e.g. Brummer, 2001; Coelli et al., 2002;
Rahman, 2003; Bozoglu et al., 2006; Aye and Mungatana, 2010). A farmer’s age and
experience was also broadly debated in the efficiency literature. Stefanou and
Saxena (1988) found that farm experience had significant positive effects on the
efficiency levels (see also, e.g. Kalirajan and Shand, 1985 and Wakili, 2012). Seyoum
et al. (1998) stated that older farmers were more inefficient. In contrast to that Mathijs
and Vranken (2000) and Munroe (2001) found a positive association in samples
obtained from Hungarian and Polish farms. Amaza and Maurice (2005), Ajibefun et al.
(2006) and Wakili (2012) also found similar results in the case of Nigeria.
Moreover, researchers have tried to see whether there is an influence of farmer’s
education on efficiency levels. Since educated farmers are well aware of ways of
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obtaining new information, especially with regards to market information and new
technologies, it is expected that they would have achieved higher production
efficiencies. Ali and Flinn (1989) investigated the role of education in Pakistan on
efficiency levels and found significant positive results (for similar findings see also, e.g.
Seyoum et al., 1998; Young and Deng, 1999; Mathijs and Vranken, 2000; Wakili, 2012).
However, Sotnikov (1998) illustrated that an educational degree in agriculture have
not increased the farm managers’ ability to use resources efficiently in the case of
Russian farms. Dia et al. (2010) mentioned that extension agents played important
role in educating farmers in maize production in the case of Nigeria. However, Olowa
and Olowa (2010) did not find any significant relationship in the same context.
Another important policy variable which influences TE is credit. This was proven
in several studies in the previous studies. Abdulai and Eberlin (2001) and Muhammad
(2009) found that access to formal credit increased production efficiency. Ahmad et al.
(2002) stressed that farmers are efficient only if credit is given in advantageous terms.
Binam et al. (2004) emphasized that extra cash during the growing season was one of
the reasons for better resource utilization. Atis (2006) mentioned that credit should
be also given for conservation practices which, in turn, would increase the TE. Alemu
et al. (2009) highlighted that inefficiency could come from using agricultural credit
for consumption (see also, e.g. Parry and Carter, 1989). Oladejo and Adetunji (2002)
stressed the role of cooperative groups in gaining an access to low rate loans and
cooperation among farms.
Extension services also play an important role in crop production. Efficiency studies
report mixed results with regards to relationship between TE and extension visits.
Aye and Mungatana (2010) found varied results depending on the different models
utilized. Ogunyinka and Ajibefun (2004), Okoye et al. (2009) and Haji (2006) found
negative relationship in the case of Nigeria and Ethiopia. Authors argued that
extension agents did not have enough financial resources and skills to help farmers to
increase their knowledge and introduce new agronomic practices in the field.
International projects were successful in developing and financing extension service
organizations. However, sustaining them after the end of the project was not always
achievable (see also, Aye and Mungatana, 2010) which required attention of local
government.
3. Methodological approach
A DEA approach is developed by Farrell (1957) and its implementation requires use
of linear programming techniques which are described by Charnes et al. (1978). DEA
constructs frontier from best performing farms that is used as a reference group to
inefficient farms in the sample. The disadvantage of the method is it does not have a
statistical noise attached to it. However, a certain uncertainty level still prevails
because of a sampling error. It arises because the DEA chooses the best performing
farms from the given sample not from the true population. Thus bootstrapping
technique suggested by Simar and Wilson (1998, 2000) must be used to extend the
sample size and make it closer to the true population. This work follows
homogenous bootstrapping technique developed by Simar and Wilson (1998) to
derive robust efficiency indicators and construct corresponding CI.
A DEA is a two-stage approach, in the first stage TE scores are estimated whereas
in the second stage, these scores are utilized as dependent variables in the regression
model. A Tobit regression could be utilized in the second stage, however, Simar and
Wilson (2007) agitated not to use it for several reliable reasons. One of the arguments

Simar and Wilson made is the fact that second stage regression does not have
a censored error term but it is more truncated, hence truncated regression is the better
econometric model for the analysis.
Taking all these into account, this study constructs the first stage as follows:
^ti ¼ minft0jtyi p

n
X
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i¼1

where, ^ti is TEvrs level for each (i) farm household in the sample. y i and x i as well as Y
and X are denoted as the resource endowments and production matrices of farms
and their corresponding sample means, accordingly. l is an intensity variable which is
non-negative. It is used to construct all possible linear combinations of sample
observations. Since it is assumed that farmers are not operating under optimal scale,
the study uses a VRS (Fare et al., 1983; Banker et al., 1984) technology which assumes
variable returns to scale.
As mentioned homogenous bootstrapping approach (for details see Simar and
Wilson, 1998) is followed to bootstrap initial efficiency scores. A bootstrapped TEvrs
scores are then used in the truncated maximum likelihood regression model in the
second stage which can be described as follows:
^ti ¼ zi b þ ei X1

ð2Þ

TEvrs scores are truncated from below 1. zi is a vector of independent variables that are
hypothesized to influence maize production efficiency. ei is a continuous and identically
as well as independently distributed random variable. It is N(0,s2e ) distributed with lefttruncation at 1zib for each (i) farm in the sample. It is also independent of zi. b is a
vector of parameters which are estimated by the following maximum likelihood
function:




n
Y
^ti  zi b
1
1  zi b 1
f
1F
L¼
s
se
se
i¼1 e

ð3Þ

f(.) and F(.) are the probability density and cumulative distribution functions.
Since, the study is also interested in farm size optimality, it also calculated SE using
the following formula:
SE ¼

TEcrs
TEvrs

ð4Þ

Here, SE is the scale efficiency. TEcrs is the TEunder
 returns to scale which is
Pn constant
obtained my removing convexity constraint
i¼1 li ¼ 1 from Equation (1). When
SE ¼ 1, scale economy is considered efficient, whereas it is inefficient when SEo1.
If interest is to investigate whether SE has decreasing (DRS) or increasing returns to
scale (IRS) then TE under non-increasing return to scale (NIRS) must be calculated.
NIRS
Pn can be calculated by changing the convexity restriction in Equation (1) to
i¼1 li p1. If SEo1 and VRSaNIRS, the farm is said operating under IRS. If SEo1
and VRS ¼ NIRS, farm is said operating under DRS.
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4. Data
The focus of this research is on maize – based farming households located in
South-Western Nigeria. A cross-sectional primary data is used which was collected
through multistage sampling technique. In the first stage, out of the 18 Local
Government Areas (LGAs) in Ondo State, Akoko South West and Akoko North East
LGAs were purposively selected for the analysis. In the second stage, five
communities were randomly selected from each of the selected LGAs using the list
of the communities obtained from the Planning Department of the Ondo State
Ministry of Agriculture, Forestry and Natural Resources. The selected communities
were chosen within the same agro-ecological zone. By this, the study reduced the
impact of weather variation on production efficiency. The third stage involved
the purposeful selection of nine maize farmers from each of the selected communities.
The above sampling design finally generated a total of 90 maize growing farmers
which were used for the efficiency analysis. The attention was paid more to the quality
of data rather than increasing sampling size. A well-structured questionnaire was
adopted to collect data on a wide range of variables which include socio-economic/
demographic characteristics, quantity and prices of resource endowments and
maize output. Secondary data on farm families in Nigeria, village listing and maize
production figure for Ondo state were sourced from the National Bureau of
Statistics (NBS) and the Ondo State Ministry of Agriculture, Forestry and Natural
Resources.
The study utilized one output and six inputs in the efficiency analysis. Maize output
(y) was computed as a total output of maize produced for the given production season
which include home consumption, quantity sold or given out as gift and the quantity
fed to livestock. It was valued in the monetary terms. The first important input is the
labor (x1). Following the literature, the labor input was converted to man-hour using
labor converting factors. For instance, adult male and female labor was converted
using 1 and 0.75, respectively. For children and farmers aged 60 and above converting
factor was equal to 0.5. The total labor cost was expressed in monetary units. The
second input used in the analysis is fertilizer (x2). Since fertilizer in Nigeria is mostly
sold in 50 kg bags, the total cost of fertilizer was measured taking this into account.
In calculating the current value of farm implements (x3), depreciation was also
calculated. Seed input costs (x4) included seeds purchased from the nearby local
market, obtained as a gift as well as produced in the previous season. The land input
(x5) is measured in ha. Finally, the costs of the prominent agrochemicals (x6) usually
used for maize production in Nigeria such as herbicides and insecticides were also
summed to total cost of chemicals. The summary statistics of these variables are
presented in Table I.
Because of small sample size, the study used the most important exogenous variables
which are hypothesized to have impact on production efficiency variations among
maize producing farms. Summary statistics are given in Table II.
Before conducting efficiency analysis, the study checked for multicollinearity by
running Ordinary Least Squares (OLS) regression with all exogenous variables utilized
in the truncated regression and calculated variance inflation factor. Results which are
described in Table III show that multicollinearity is not a problem in the estimated
model and all variables can be included in the final model.
The study utilized the FEAR package developed by Wilson (2008) within the R
Project (R Development Core Team, 2009), and Stata 12 statistical software to obtain
initial and bootstrapped production efficiency scores from DEA model as well as to

estimate truncated regression to investigate impact of exogenous variables on
production efficiency of maize farmers.
5. Empirical results and discussion
Input-oriented DEA produces TE scores that are bounded 1 from below. However, the
study used inverse of the initial and bias-corrected average TE scores for ease of
interpretation (Table IV) which are between 0 and 1.
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5.1 TE
The study reported TE under CRS and VRS in the first and second columns,
respectively (Table IV). Since the highest TE in resource use is achieved at 1.0, model
Description
Output
Maize revenue
Inputs
Labor cost
Implements cost
Chemicals cost
Fertilizer cost
Seeds cost
Maize grown area (ha)

Mean

SD

Min

Max

61,477.1

86,071.4

10,000

80,000

4,692
1,866
199
794
828
2.5

6,826
4,914
506
2,400
1,678
1.2

1,250
350
120
0
125
1

4,571
3,429
683
2,857
2,250
7

Source: Survey results

Description

Unit

Farming experience of farm household head
Off-farm work
Educational level of farm household head
Amount of credit
Extension visit
Gender

years
Dummy
Dummy
1,000
Dummy
Dummy

(1 ¼ Yes)
(1 ¼ Higher)
(1 ¼ Yes)
(1 ¼ Male)

Mean

SD

17.8
0.5
0.2
30.6
0.5
0.9

12.5
0.5
0.4
57.7
0.5
0.4

Source: Survey results

Description
Intercept
Farming experience of household head
Off-farm work
Educational level of household head
Amount of credit
Extension visit
Gender

Coefficient estimates SE t-statistics
0.933
0.001
0.042
0.037
0.001
0.036
0.009

0.032
0.001
0.02
0.022
0
0.02
0.027

29.1
1.4
2.11
1.7
7.26
1.82
0.33

Table I.
Descriptive statistics
of variables used in
the first stage of the
DEA model (ha1)

Table II.
Explanatory variables
used in the second stage

Collinearity statistics
VIF
Tolerance

1.22
1.22
1.22
1.15
1.1
1.09

0.82
0.82
0.82
0.87
0.91
0.92

Table III.
OLS estimates of
collinearity statistics
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Table IV.
Technical efficiency
estimates by land area

findings show that there is still opportunity for efficiency increases with existing
technologies used in maize production. It can be also observed that similar results are
achieved when farms are divided by different land size groups. Lowest TE is achieved
by the farms which have maize grown areas between 4 ha and 7 ha. While farms up to
2 ha suffered from scale and technical inefficiencies, farms larger than 2 ha, mostly
suffered from technical inefficiencies. Given the minor difference between CRS and
VRS technologies with farms that have a maize grown area of more than 2 ha, it can be
concluded that most of the productivity gaps arose not from scale differences between
farms but rather, from some internal (e.g. mismanagement, delay in doing agronomic
activities, farm characteristics) and external factors (locational, institutional,
socio-economic) related to maize farming.
The third column in Table IV reports percentage of best performing farms that
serve as a reference group and constitute frontier under VRS technology. The fourth
column reports bootstrapped efficiency scores which are calculated based on Simar
and Wilson (1998). As mentioned to see how biased initial TEvrs results are,
homogenous bootstrapping was performed and considerable difference between initial
and bootstrapped efficiency scores was found. For example, the initial TE under VRS
suggest that farms could reduce their resource endowment costs by 12.4 percent
(((1/0.89)1)  100) if achieving full efficiency was a target, whereas the bootstrapped
TE levels suggest cost reductions by 20.4 percent ((1/0.831)  100). Columns 5 and
6 are CI for bootstrapped efficiency scores. It can be observed that bootstrapped
efficiency levels are smaller than their original ones which signal the initial TEvrs levels
are overestimated. The width of the 95 percent CI for TEvrs levels is 0.12, which shows
higher statistical variability among bootstrapped TEvrs. Similar findings are observed
in other socio-economic environments (e.g. Brummer, 2001; Latruffe et al., 2005;
Olson and Vu, 2009).
From Figure 2, it is observed that 52 percent of farms had TEvrs scores more than
90 percent. This indicates that these farms operated under high production efficiency
in maize cultivation. However, 21 percent of farms had a TEvrs scores o80 percent.
This shows the possibility of high cost savings for these farms if resources are used in
an efficient manner.
When farms are ranked from the lowest to highest bootstrapped TEvrs, further
insights can be provided to the analysis. Figure 3 shows that the initial TEvrs did not
provide a smooth line as it did with the bias-corrected TEvrs. The study also found that
variability in the CI existed even with similar efficiency estimates. This was especially
true for farms with higher maize land size. It could be postulated that the small-scale
farmers were those who have low aptitude for innovation and are thus risk averters.
In addition, they may not be resource endowed to try new innovations even when such
is within their locality.

Mean
1.00-2.00
2.1-3.00
3.1-4.00
o7.00

Initial
TE CRS

Initial
TE VRS

Bias corrected
TE VRS single

Lower bound
95% CI single

Higher bound
95% CI single

Average
width

0.78
0.77
0.82
0.82
0.61

0.89
0.95
0.88
0.86
0.62

0.83
0.88
0.84
0.82
0.59

0.77
0.79
0.78
0.76
0.56

0.88
0.94
0.88
0.86
0.62

0.12
0.15
0.1
0.09
0.06
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4.396
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0
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Figure 2.
Technical efficiency
distribution
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Initial TE - VRS

0.80
Initial TE VRS

0.70
0.60

Corrected
TE -VRS

0.50
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Figure 3.
TE distribution with
confidence intervals

0.20
Number of Farms

5.2 SE
The results from SE are reported in Table V which shows percentage of farms
operating under different returns to scale. It can be noticed that there is some degree of
scale inefficiency among maize producing farms. However, overall SE is 0.88 which is
relatively high. From these findings it can be concluded that overall inefficiency is
occurring mostly because of technical inefficiency and to some small extent because of
SE. This also stems from the poor-resource endowment of the farmers. It is interesting

Indicators
SE
SE ¼ 1
DRS
IRS
Source: Model results

Scale efficiency
0.88
14.2
1.1
84.6

Table V.
Returns to scale indicators

IJSE
41,11

5.3 Truncated regression
The results from the second stage analysis are reported in Table VI. It includes
standard errors and CI which makes non-parametric models as attractive as
econometric models. Because of the model developed, negative sign in Table VI must
be read as factors positively influencing efficiency scores.
The first exogenous variable which showed statistically significant result is off-farm
work. This exogenous variable delivers information on time spent for non-farming
activities. As shown in Section 2, literature review offers mixed results with regards to
whether off-farm engagement increases or decreases production efficiency in crop
production. From one point, off-farm work reduces farmer’s time spent on farming
activities. This, in turn, results in the reduction of efficiency and fall in maize output.
1
Scale Efficiency
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to observe that farms that showed some degree of scale inefficiency were operating
under IRS technology. This shows underutilization of production factors which also
signals maize producers are too small in their farm operations and thus increasing
the maize land size may bring increase in maize output. In the long run, this will enable
farmers to experience decrease in the cost of production per output (see also, e.g.
Ogundari et al., 2006 for similar suggestions).
As seen from Figure 4, SE increased with the enlargement of maize cultivated areas
and it is relatively low with farms that have small maize cultivated areas. This is again
in conformity with the earlier assertion about over-utilization of input resources in
small land areas. A policy recommendation in this regard should be enlarging farm
sizes and improving farmers’ access to agricultural inputs.

Figure 4.
Scale efficiency and
land relationship

0.8
0.6
y = –0.0124x2 + 0.1323x + 0.6432

0.4
0.2
0

0

2

4
Land Size, ha

Coefficient estimates

Table VI.
Results from truncated
regression

Intercept
Farming experience of
farm household head
Off-farm work
Educational level of
farm household head
Amount of credit
Extension visit
Gender

6

8

SE

z

95% Confidence interval

0.0308

30.2900

0.0699 to 0.0937

0.0011
0.0416**

0.0008
0.0190

1.4600
2.1900

0.0026 to 0.0004
0.0788 to 0.0044

0.0373*
0.0012***
0.0359*
0.0090

0.0210
0.0002
0.0189
0.0263

1.7700
7.5500
1.8900
0.3400

0.0786
0.0015
0.0730
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Findings of the current study show that off-farm work has positive impact on TE in
maize production. This might be because an additional income which is generated by
non-agricultural activities could have been used to purchase inputs (or higher
additional labor) during the agricultural season which in turn increased maize
production. This is a plausible finding which shows that farmers have been able to
diversify their income without reducing efficiency of resource use in maize production.
Findings show that education level of farm household also has positive impact
on TE. This is reasonable given the level of involvement in agricultural transformation
being put in place by the government presently. A better educated farmers were
able to manage maize production efficiently and develop new strategies and practices
to get more maize crops from given agricultural land. They had access to agricultural
information, used better agronomic practices and developed good networks with local
input providing distributors.
Credit variable also has positive impact on TE. Since, access to additional cash
allows farmers to hire additional labor and necessary inputs on time and in necessary
amounts, this in turn increases maize output. Credit, therefore, can assist farmers to
increase TE, while credit constraints decrease the efficiency of farmers by limiting the
adoption of high-yielding varieties and the acquisition of information needed for
increased productivity. While there exists formal and informal sources of obtaining
credit, it is important that to stress that credit is utilized for targeted purposes only.
If credit displaces another source of consumption, it will have a zero effect on
production efficiency. Another thing is that agricultural credit must have lower interest
rates and easy access to it.
Extension visits variable was also positively related with TE. This can be explained
by the fact that extension agents were helpful in familiarizing farm households
with new technologies and introducing new innovations as well as agronomic practices
used in maize production. Since extension agents are also dependent on financial
support from the state, policy implications should be toward finding alternative
sources to support extension organizations in rural areas. This should be also in
parallel with the development of roads, markets and infrastructure.
6. Conclusion and policy implications
The study investigated the TE levels of maize farms in the study area using the DEA
methodology in combination with truncated regression. Homogenous bootstrapping
approach was utilized to obtain robust efficiency scores. The research found relatively
similar efficiency scores as have been reported in the previous studies conducted
in Nigeria (e.g. Aye and Mungatana, 2010; Wakili, 2012). Based on the findings, the
study concludes that there is still room for efficiency enhancements using available
production input and technology. Results obtained from such studies can be used by
the local administration at a village, district and provincial level to monitor resource
use efficiency in crop production. Findings show that maize farmers are not producing
at an optimum level, which could be attributed to the number of circumstances, such as
internal inadequacies that arises from mismanagement of productive resources, delay
in planting, weeding and application of yield enhancing inputs such as fertilizer. More
importantly, production efficiency is highly affected not only by locations such as
rural or urban, upland or lowland (Fadama) farm, but also by institutional and
socio-economic as well as demographic characteristics. It was revealed that the
inefficiency effects among farmers are influenced by farming experience, off-farm
work, educational level, amount of credit and extension visits. The empirical evidence

Production and
SE of maize
farming
households
1097

IJSE
41,11

Downloaded by Göteborgs Universitet At 01:25 12 April 2016 (PT)

1098

also suggests the prevailing economies of scale despite farms in the study area were
operating at small-scale lands.
Research implications emphasize the urgent need for proper development strategies,
appropriate policy formulation and swift execution of adopted decrees to assist farms to
better cope with inefficiencies as this is projected to have further impact on maize
productivity growth, poverty reduction and food security. Policy recommendations include
strengthening the agricultural extension components of all Agricultural Development
Programs in all states of Nigeria. It is also acclaimed that programs and policies that could
facilitate prompt and an adequate access to credit should be encouraged and implemented
(see also, e.g. Olowa and Olowa, 2010 for similar recommendations). Future policies should
be targeted providing agricultural training for farmers and further encouraging rural
population to get a better education. If resources are used efficiently, farms increase maize
production and satisfy growing needs of population which in turn will have positive
societal impact and reduce food insecurity in the country.
Note
1. The study will use production efficiency term interchangeably with technical efficiency and
resource use efficiency.
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