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Abstract 

This study determined technical efficiency among maize farmers in Doguwa Local 

Government Area (LGA) of Kano State, Nigeria. One hundred and seventy nine maize 

farmers were sampled using a three stage sampling procedure. Primary data was used with 

the aid of structured questionnaire. The results were analysed using descriptive statistics 

and Data Envelopment Analysis (DEA) model. The results of the socio-economic analysis 

shows that maize farmers fell within the mean age of 42 years, mean household size was 

15 persons. The mean farming experience was 24 years with average extension contacts of 

4 times per year. Results from the DEA shows that the mean technical efficiency scores from 

DEA using CRSTE and VRSTE specifications were 62% and 47%. Therefore, 38% and 53% of 

the maize farms were not technically efficient in the use of production inputs respectively. 

The estimated regression reveals that seed (p<0.01), fertilizer (P<0.1), labour (P<0.05) and 

farm size (P<0.01) were the determinant of technical efficiency of maize farmers. The result 

of the technical inefficiency indicates that age (p<0.10), education (p<0.10), farming 

experience (p<0.05) and extension contact (p<0.05) were the socio-economic factors 

influencing inefficiency of maize farmers. Effort should be made by maize farmers to make 

their cooperative societies more formidable, to benefit from economy of bulk purchase of 

input supply, farm advisory services, increased access to micro-credit, and access to modern 

farming techniques. 
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Introduction 

Nigerian agriculture has many features 

among which the magnitude of the farm 

size is most important. The size of the 

farm is based on the size of land used by 

the household for crop production. Over 

the past few decades, the farm size has 

decreased mainly due to inheritance and 

transfer, the growing increase in the 

number of farms might be due to 

combined effect of institutional, 

technological and demographic factors. 

The size distribution of farm holdings in 

Nigeria are categorized as: small scale 

farms, ranges from 0.10 to 5.99 ha, 

medium scale, 6.0 to 9.99 ha and large 

scale above 10 ha. These classes 

constituted 84.49%, 11.28% and 4.23% 

respectively (Oksana, 2005; Mckenzie, 

2005; Dorward, 2005; National Bureau of 

Statistics, NBS, 2006).  When judged by 

international standards, whereby all farms 
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less than 10.00 ha are classified as small, 

then 95.77% of all farm holdings in 

Nigeria (or a total of 46.08 million 

holdings) must be classified as small scale 

farms, while the remaining 4.23% of all 

holdings (or 2.033 million holdings) as 

medium scale. However, the demand for 

agricultural produce is continuously rising 

due to the geometric rise in population 

(Oladimeji, 2017); this has resulted in the 

intensification of cultivable land in an 

attempt to increase agricultural 

productivity.  

Productivity measures the quantity of 

outputs of a production process relative to 

the level of inputs. The more output 

resulting from a given level of input, the 

more productive the process (Ball et al., 

1997; Oladimeji et al., 2015). The 

measurement of productivity analysis of 

one firm relative to other firm or to the 

best practice in farm firm has long been of 

interest to agricultural economists. 

Efficiency measurement has received 

considerable attention from the theoretical 

and applied economists, in the productive 

efficiency arena; researchers are familiar 

with three types of efficiency, namely; 

technical, allocative, and economic (Sadiq 

et al., 2009; Oladimeji and Abdulsalam, 

2013; Oladimeji and Ajao, 2014). 

According to the NAERLS report 

(2017), maize production in Nigeria 

increased from 10,813, 980 tonnes in 2016 

to 12, 107,580 tonnes representing 11.96 

per cent increase.  The yield per ha 

increased from 13.2% from 2.05 metric 

tonnes to 2.32 metric tonnes per ha in the 

same year. Available data showed that 

maize production in Kano State rose to 5 

metric tons in 2010, as against the only 1.9 

metric tons in 2003 and has an average 

maize grain yield of 4.6 ton/ha which 

shows remarkable increase in productivity 

as against the national average yield of 

3.825 ton/ha in 2012 (Kano State 

Agricultural and Rural Development 

Authority, 2011). 

The area devoted to maize crop in 

Nigeria increase from 3.9 million ha in 

2006 to 5.2 million ha in 2013, which 

represent about 33.3% level of increase 

(Umar et al., undated). Despite these 

however the crop is thus characterized by 

low yield, low level of inputs and limited 

area under cultivation (Abdulrahman et 

al., 2015a). These managerial resources 

are inefficiently allocated thereby leading 

to decrease in productivity and reduced 

agricultural output. Measuring efficiency 

is important because this is the first step in 

a process that might lead to substantial 

resource saving which have economic 

implication for both policy formulation 

and firm management (Ajibefun and 

Abdulkadir, 2004; Usman, 2009). 

For sustainable maize production, 

research is necessary and whether 

relationship exists between inputs and 

maize productivity is an empirical 

question that can be settled by efficiency 

measurement. Assuncao and Ghatak 

(2003), indicate that relationship among 

input and output is related to the level of 

development and can best explain the 

dramatic differences in productivity stem 

from the utilizations of available resources 

across heterogeneous farms. Based on 

these, the study attempt to answer two 

questions: what are the socio-economic 

characteristics of maize farmers? and what 

are the determinants of technical 

efficiency in maize production? 

Study Area 
This study was conducted in Doguwa 

Local Government Area (LGA) with 

headquarters in Riruwai in the extreme 

south of Kano State, Nigeria. It shares 

common boundaries with Lere, Kubau and 

Ikara LGAs of Kaduna State and Toro 
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LGA of Bauchi State across north-west 

and south-east respectively. The total land 

area of Kano State is about 20,760 square 

km2 with 1,754,200 ha of agricultural land 

and 75,000 ha of forest vegetation and 

grazing land (Daniel, 2010). There are 

86,000 ha of Fadama land in the State put 

under dry season cultivation (KNARDA, 

2011). The LGA has land area of 

1,473 km² about 3,849 ha are put under 

irrigation scheme and has estimated 

population of 151,181 people with 

projected population of 292,052 people as 

at 2019 at 3.2% growth rate (NPC 2006). 

The people of the community are 

predominantly farmers.  

 

 

Methodology 

Sampling Size and Sampling Technique 
In order to select respondents, multi-

stage sampling procedure was followed. 

In the first stage, it involves purposive 

selection of Doguwa LGA based on 

predominance of sole maize production 

among the farmers. In the second stage, 

five districts were selected randomly with 

the help of, and based on the discussion 

with agricultural development programme 

officers of the LGA. A total of 1,524 

sample frame was obtained from the five 

districts. Finally, 12% of the sample frame 

(1,524) of maize farmers were randomly 

selected which amount to a total of 179 

maize farmers as sample size for the study, 

as shown in Table 1. 

Table 1: Population and sample size of farmers 

LGA Districts *Sample frame Sample size (12%) 

Doguwa Doguwa 450 54 

 Falgore 278 33 

 Maraku/Ragada 320 38 

 Dogon kawo 213 25 

 Tagwaye 245 29 

Total  1524 179 

Source: Kano State Agricultural and Rural Development Authority (KNARDA), 2014 

 

Data Collection and Analytical 

Technique 
Primary data was used for this study. 

These were collected with the aid of 

structured questionnaire. Descriptive 

statistics and the Data Envelopment 

Analysis (DEA) method was employed to 

achieve the stated objectives. DEA models 

can be either output or input oriented. The 

relative range of the efficiency scores 

remains the same whether input-oriented 

or output-oriented method is employed. 

The input oriented models can be either 

constant returns to scale (CRS) or variable 

returns to scale (VRS) assumptions. This 

study used both CRS and VRS models 

with input orientation. 

 

The DEA Model Specification 
Given the CRS assumption, the best 

way to introduce DEA is via the ratio 

form. For each decision-making unit 

(DMU) which in the context of our 

empirical application is maize farmers; 

one would like to obtain a measure of the 

ratio of all outputs overall inputs 

(Oladimeji and Abdulsalam, 2017), such 

as u’yi/v’xi, where u is an Mx1 vector of 

output weights and v is a Kx1 vector of 

input weights. To select optimal weights 

one specifies the mathematical 

programming problem: 

Max u, v (u’yi/v’xi), 

St  u’yj  / v’xj ≤ 1, j = 1,2,…, N, 

u, v ≥ 0     (1) 
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This involves finding values for u and v, 

such that the efficiency measure of the i-

th DMU is maximized, subject to the 

constraint that all efficiency measures 

must be less than or equal to one.  

Note that the product of technical 

efficiency and allocative efficiency 

provides the overall economic efficiency. 

Note that all three measures are bound by 

zero and one. The technical efficiency 

measure under CRS, also called the 

"overall" technical efficiency measure, is 

obtained by solving N linear programs of 

the form (Oladimeji and Abdulsalam, 

2017). The output and input oriented 

models will estimate exactly the same 

frontier surface and therefore, by 

definition, identify the same set of firms as 

being efficient (Abdulrahman et al., 

2015b).  

The efficiency measures may, 

however, differ between the input and 

output orientations. Under the assumption 

of CRS, the estimated frontier and the 

efficiency measures remain unaffected by 

the choice of orientation. For this study, 

one output and five inputs were used in the 

model; the only output is the maize output 

per hectare, the inputs are land, seed, 

fertilizer, labour and herbicide. Technical 

efficiency was used to estimate the 

resource productivity of the maize farmers 

in the study area.  

Where; Y = Production efficiency 

indices of the mean efficiency scores from 

VRSTE, X1 = quantity of seed (kg), X2 = 

quantity of fertilizer (kg),X3 =total labour 

used (man days),X4 = quantity of 

herbicide (litres), X5 = farm size 

(hectares),βo = constant term,β1 – β5 = 

regression coefficients, and u = Error 

term. 

Multiple Regression Analysis 
This was used to determine factors 

influencing technical efficiency in maize 

production and test hypothesis of the 

study. Functional form of Cobb-Douglas 

function was chosen and used; this is 

because it is linear in logarithmic form and 

therefore easy to estimate, and has been 

widely used for analysis by many authors. 

The function can estimate relationship 

using either the Maximum Likelihood 

technique (MLE) method or using a 

variant of the Ordinary Least square 

technique (OLS) method suggested by 

Richmond (1974). The OLS approach is 

preferred because it is not too 

computational demanding. 

The explicit form of the regression model 

is written in equation 2: 

Y = βo + β1 X1 + β2 X2 + β3 X3 + β4 X4 + 

β5 X5 + β6 X6 + β7 X7 + u                           (2) 

Where, Y = production efficiency indices 

of the mean efficiency scores from 

VRSTE, X1 = age of farmers (years), X2 = 

education level (years of schooling), X3 = 

family size (number of members of 

household), X4 = farming experience 

(years), X5 = cooperative membership 

(years), X6 = extension visit (numbers), X7 

= access to credit (actual money 

borrowed), βo = constant term, β1 – β7 = 

regression coefficients of independent 

variables, and u = error term.  

Hypothesis of the Study 

Maize farmers in the study area are 

technically not efficient. 

 

Results and Discussion 

Socio-Economic Characteristics of 

Maize Farmers 
Table 2 depicts the socio-economic 

characteristic of maize farmers. The 

distribution of maize farmers by their 

farming experience revealed that majority 

(70%) of maize farmers had 11-30 years 

of maize farming experience with the 

mean farming experience of 24 years. This 

result shows that majority of the farmers 
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are experienced in maize production. 

Result also shows that 85.5% of maize 

farmers financed their maize production 

from personal savings while 14% had 

access to credit. The amount obtained 

ranged between ₦10,000 - ₦300,000. The 

implication is that the size of maize 

production will be smaller and other 

inputs will be affected since capital is not 

available to enhance production. 

The results also revealed that 26.3% of 

maize farmers had no formal education 

while 73.7% of the farmers had one form 

of education or the other. This implied that 

there is potential for increased maize 

production since education will enable 

farmers to have access to information on 

new agricultural innovation which can be 

adopted to enhance their productivity. 

Majority (61.45%) of the farmers had 

household size that ranged between 11-20 

persons, followed by 1-10 persons which 

constituted 24.14%. Only 11.27% had 

household size which ranged between 21-

30 persons. The mean household size was 

15 persons with minimum of 2 and 

maximum of 21. This implies that family 

labour would be readily available when 

needed for maize farming operations 

ceteris paribus. 

The result of extension contact 

revealed that 62.6% of maize farmers had 

access to extension service while only 

8.9% had no access to extension service 

with average of 4 times contact per farm 

season. It suffices to note that effective 

extension visits and supervision will go a 

long way to improve maize farmer’s 

productivity level. These findings on 

socio-economic characteristics are similar 

to studies of Orojobi and Damisa, (2007), 

Oladimeji and Abdulsalam, (2013, 2014). 

 

Table 2: Socio-Economic Characteristics of Maize Farmers 

Variables Range F % Mean Std. error 

Farming experience 1-10 18 10.1   

 11-20 68 37.9   

 21-30 59 32.0   

 ≥31 34 19.0 24.0 0.7 

Education (years) No formal educ. 47 26.3   

 Primary education 53 29.5   

 Secondary educ. 32 17.9   

 Tertiary education 47 26.3 7.0 0.2 

Household size (No) 1-10  45 25.1   

 11-20  110 61.5   

 21-30 24 12.4 10 2 

Cooperative Soc. Non members 117 65.36   

(years) 1-5 years 42 23.47   

 6-10 years 12 06.70   

 11-15  8 04.47   

Access to credit No access  153 85.50   

 10,000 - 100,000 21 11.70   

 >  100,000 5 02.8 45,650 102.4 

Extension contacts No contact  16 08.9   

 1-5 112 62.6   

 6-10 44 24.6   

 ≥ 11 7 3.9 4 0.4 

No of observation 179     
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Estimation of TE in Maize Production 

(Constant Return to Scale) 
Result presented in Figure1 is presents 

the frequency distribution of the TE 

estimates for maize study. The study 

showed that the overall technical 

efficiency of the maize farmers varies 

substantially ranging between 0.18 to 0.98 

representing 18% and 98% respectably, 

with a mean technical efficiency of 0.62 

(62%). The implication of this result is 

that, majority (38%) of the maize farmers 

are not technically efficient under CRS in 

the use of production resources (input 

orientations). This result suggests that the 

farmers are less efficient in utilizing their 

input resources. This implies that 

technical efficiency among the maize 

farmers sampled could be increased by 

38% through better use of their available 

production resources, given the current 

state of technology to obtaining maximal 

maize productivity. This finding agrees 

with Asogwa et al. (2011), Oladimeji and 

Abdulsalam, (2013, 2014) and Ajao and 

Oladimeji, (2014), Abdulrahman et al. 

(2015a & b), Oladimeji and Abdulsalam, 

(2017) that observed that Nigerian small 

scale farmers do not obtained maximum 

output from their given quantum of inputs. 

This maximum possible level attainable 

may be due to inefficiency and hence 

results to low productivity.  

 
Fig. 1: Frequency distribution of overall technical efficiency estimates from constant return 

to scale (CRTSTE-DEA) 

 

Technical efficiency (variable return to 

scale) 
The result in Table Figure 2 shows the 

frequency distribution of the technical 

efficiency estimates for maize farmers 

from variable return to scale data 

envelopment analysis (VRSTE-DEA).The 

study suggested that pure technical 
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efficiency among maize farmers varied 

substantially ranging between 0.16 to 0.96 

representing 16% and 96% respectably, 

with a mean efficiency of 0.47 (47%). 

This result suggests that the maize farmers 

are not utilizing their input resources 

efficiently, indicating that they are not 

technically efficient in obtaining maximal 

output from their given inputs. In other 

words, technical efficiency among the 

maize farmers can be increased by 53% 

through better use of their available 

production resources, given the current 

state of technology to obtaining maximal 

maize productivity. 

 
Fig. 2: Frequency distribution of pure technical efficiency estimates from variable return to 

scale (VRTS-DEA) 

 

The mean technical efficiencies 

estimated for the CRSTE and VRSTE 

approaches are 0.62 and 0.47 representing 

62% and 47% respectably. The mean 

technical efficiencies in the models 

indicated that there is substantial 

inefficiency of the maize farmers due to 

inability to reach a frontier threshold of 

100%. These results are consistence with 

the theory that, the CRS frontier is more 

flexible and envelops the data in a tighter 

way than the VRS frontier. This finding 

agrees with Asogwa et al. (2011); Rahman 

(2013), Oladimeji and Abdulsalam (2017) 

who asserted that if there is a difference 

between efficiency scores of technical 

efficiency under CRS and VRS, the 

difference indicates scale inefficiency. 

Therefore, it could be established that 

maize farmers in the study area are not 

only inefficient in the management of 

inputs used but scale inefficient. 

Hypothesis Testing: maize farmers are 

not technically efficient 
The null hypothesis (Ho) which stated 

that the maize farmers are not technically 
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efficient was tested using the result of 

overall technical efficiency estimates from 

constant return to scale (CRTSTE-DEA) 

(Technical Efficiency = 0.62) and pure 

technical efficiency estimates from 

variable return to scale (VRTS-DEA) 

(Technical Efficiency = 0.47). However, 

the estimated value of efficiency of each 

production resource inputs used (seed, 

fertilizer, labour, herbicide and farm size) 

are said to be inefficiently utilized since 

both CRTSTE-DEA and VRTS-DEA 

technical efficiency estimated were below 

the frontier. The null-hypothesis (Ho) 

which stated maize farmers are technically 

not efficient is therefore accepted. 

Technical Efficiency Effects on Maize 

Production 
The estimated parameters and related 

statistical result obtained from the analysis 

is presented in Table 3. The gamma-value 

of 0.50 implies that 50% of the variances 

in production output among the maize 

farms are due to differences in overall 

technical efficiency or degree of 

inefficiency. The signs of the entire 

coefficients except fertilizer are positive 

and all coefficients are statistically 

significant at different levels of 

probability except herbicide. The 

significant coefficients are seed (p<0.01), 

fertilizer (P<0.1), labour (P<0.05) and 

farm size (P<0.01). This positive 

coefficient of all explanatory variables 

implies an increase in the uses of these 

variables could lead to corresponding 

increase in maize output. Conversely, the 

coefficient of fertilizer was negative and 

statistically significant at 10% levels of 

probability. This implies that increase in 

the use of fertilizer would lead to decrease 

in output levels of maize farmers. This 

finding are comparable with the result 

obtained by Rahman and Umar (2009), 

Asogwa et al. (2011) Rahman (2013), 

Oladimeji and Abdulsalam, (2013, 2014), 

Oladimeji and Abdulsalam, (2017) in the 

estimating of technical efficiency and its 

determinants in cereal crop production in 

various part of Nigeria.

 

 

Table 3: Estimated regression result showing Technical Efficiency effect in Maize 

             Production 
Variables Coefficient Standard error t-ratio 

Constant 8.423 0.576 14.616 

Seed 0.282 0.093 3.024 

Fertilizer -0.324 0.172 -1.864 

Labour 0.384 0.169 2.265 

Herbicide 0.002 0.014 0.143 

Farm Size 0.528 0.105 4.998 

Sigma square 0.29   

Gamma 0.50   

 

Determinants of Socio-economic Traits 

Affecting Technical Inefficiency of 

Maize Production 
The result of the determinants of 

technical inefficiency of maize farmers is 

presented in Table 4. The determinants of 

technical inefficiency of maize farmers 

were age (p<0.10), education (p<0.10), 

farming experience (p<0.05) and 

extension contact (p<0.05). This implies 

that holding other factors constant, a unit 

increase in the age of maize producers will 

increase their technical efficiency by 

magnitude of 0.005. The result was in line 
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with the studies of Begun et al. (2009), 

Oladimeji and Abdulsalam (2014) that 

observed age as significant determinant of 

technical efficiency in small scale farming 

in Pakistan and Nigeria respectively. 

The coefficient of education was 

found to have a negative relationship with 

the technical efficiency of the maize 

farmers and was statistically significant at 

10% probability level. A plausible 

explanation for this is that higher 

educational level could leads to higher rate 

of improved technology and techniques of 

production adoption. According to 

Onumah et al. (2010), Oladimeji and 

Abdulsalam (2013), formal education 

enlightens farmers about the technical 

aspect of production which enhances 

productivity and efficiency. 

 

Table 4: Regression estimates of determinant factors influencing technical inefficiency 

Variable Coefficient  Standard error t-value  

Constant  0.613 0.982 6.246*** 

Age  -0.005 0.003 1.77* 

Education  -0.012 0.007 1.75* 

Household size 0.004 0.003 1.47                

Farming experience 0.004 0.002 2.1** 

Cooperative membership -0.002 0.003 -0.62                

Extension contact 0.008 0.004 2.00** 

Access to credit 0.073 0.053 1.38 

n 179   

Prob. > chi 0.000   

***P<0.0, **P<0.05, *P<0.10 

 

The coefficient of years of farming 

experience was positive and statistically 

significant at 5% probability level. This 

implies that farmers with less years of 

experience tend to be less efficient in 

maize production. This agrees with Adeoti 

(2002), Oladimeji and Ajao (2014), who 

reported that years of farming experience 

reduce farmers’ inefficiency ceteris 

paribus. Furthermore, the coefficient of 

extension contact had the expected 

positive relationship with the technical 

efficiency of maize farmers and 

statistically significant at 5% level of 

probability. This implies that holding 

other factors constant, a unit increase in 

extension contact of maize producers will 

increase their technical inefficiency by a 

magnitude of 0.008. This finding is in line 

with the study of Ajani and Olayemi 

(2001), who observed that extension 

contact enhance farm productivity and 

efficiency in a study of resource 

productivity in food crop farming in 

Northern area of Oyo State, Nigeria.  

 

Conclusion and Recommendations 

The results of the study revealed that 

the mean technical efficiencies in the two 

models CRTSTE and VRSTE were 0.62 

and 0.47 respectively. This indicates that 

there was some level of inefficiency 

among maize farmers. The determinants 

of technical efficiency were seed, 

fertilizer, labour and farm size. However, 

age, education, extension contact and 

farming experience were largely 

responsible for the variation in technical 

inefficiency among maize producers. This 

implies that there are still opportunities to 

increase maize productivity and income 
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through more efficient utilization of 

productive resources. 

 

Recommendations 

In light of the findings of this study, the 

following recommendations were made:  

i. The mean technical efficiency of 

62% implies that the inefficiency 

effects make significant 

contribution to the technical 

inefficiencies of maize farmers. 

Technical efficiency among the 

maize farmers can be increased by 

38% through better use of their 

available production resources, the 

factors responsible for variation in 

productivity need to be revisited 

by farmers as there is still chance 

for farmers to improve production 

so as to reach the frontier 

threshold. 

ii. Since extension contacts, level of 

education and farming experience 

were significant determinants of 

technical efficiency, immediate 

effort should be made by maize 

farmers to form or join cooperative 

societies to enhance trainings and 

workshops, so as to be able to 

benefit from economy of bulk 

purchase of input supply, farm 

advisory services, increased 

access to micro-credit, and access 

to modern farming techniques. 
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