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Abstract: The soaring population in Nigeria has created a growing demand for food that the available 
land may not be able to meet due to competing demand for land by other sectors. This paper examines 
the productivity and technical efficiency of smallholder farmers involved in permanent crop based and 
arable crop based enterprise combination in Edo State, with a view of identifying gaps that may help 
optimize the use of available inputs, particularly land and planting materials. The simple random 
sampling technique was employed in selecting 240 respondents drawn from a farm family population 
of 180,000 in Edo State. Empirical estimates from that analysis showed return to scale of 1.0936 which 
is an indication that the two groups of farmers were operating at the irrational stage of production. 
Technical efficiency values ranged from o.33 to 0.98, with a mean value of 0.68 and 0.15-0.92 with 
mean value of 0.81 respectively. This is an indication that, on the average, the farmers were operating 
32% and 19% below the frontier. Technical inefficiency coefficients of education level, crop 
combination, seed, land source and age jointly contributed to the technical inefficiency of the arable 
crop based farmers while crop combination, seed source, and age jointly contributed to the  technical 
inefficiency of the permanent crop based farmers in the study area. These estimates indicate the 
existence of gaps in the current production effort and intervention points that would help improve 
technical efficiency and productivity of the two groups of farmers. The recommendation is that the 
existing extension system be strengthened for capacity building and effective dissemination of 
technical innovations that would improve the farmer’s productivity and technical efficiency in the 
study area. 
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INTRODUCTION 
 
 Farm enterprise combination is a basic relationship in agricultural production economics involving the 
allocation of given resources between two or more enterprises (Olayide and heady, 1982). A small holder 
permanent crop farmer would want to choose a combination of crop enterprises that will maximize output from 
a given set of inputs with minimal usage. Permanent crop based enterprises give crop enterprises cultivated in 
combination which the major remains as the sole crop for continuous harvest. Examples of such combination 
include yam/maize/oil palm and maize/melon/plantain.  
 In Nigeria today farm enterprise combination has become a fundamental option for most small holder 
farmers since in recent times human population explosion has arises with a growing demand for land for estate 
development, road construction, building, market construction and recreational centres. In this circumstance 
farm enterprise combination has the capacity for economic use of land, increase production in diversity at the 
smallholder farm level and has the potentials as an attractive option. To generate output without necessarily 
increasing available land. 
 Productivity efficiency means the attainment of the production goal without waste while enterprise 
inefficiency involves the disproportional and excessive usage of inputs. Irz and Miklenzie (2002) opined that 
when producers are highly efficient in the use of available inputs large productivity gains could only come from 
new technologies developed from investments in research. However improving farm management by converted 
technical know-how is likely to be the most efficient means of raising productivity at the small hold farm level, 
(Ojo, 2007). 
 The low level of crop production in Nigeria that has warranted the nation’s expending more on the 
importation of food commodities to meet with the aggregate growing demands is mainly the result of low 
productivity and technical inefficiency of the farmers. This paper examines the productivity of some of the 
resources involves in crop production i.e arable crop based and permanent crop based enterprises among small 
hold farmers. It also examines the factors influencing the productivity and technical efficiency of the farmers in 
the study area with a view to identifying; 



Aust. J. Basic & Appl. Sci., 6(13): 74-79, 2012 
 

75 
 

1. Contribution of each resource inputs to output 
2. Presence of technical inefficiency in the production process 
3. Predicting the technical efficiency of the farmers in the study area. 
 
Analytical Framework/Literature: 
 The analytical frame work for the study was based on the concept of technical efficiency of resource 
utilization and production frontier proposed by Farrel (1957). Technical efficiency shows the success of a farm 
firm enterprise as it indicates an ability of a farm to produce maximum output from a set of input applied 
(Coelli, 1995). From Farrels analysis, a farm that is said to be technically efficient in resource use operates on 
the production frontier, while a technically inefficient farm in resource use operate below the production 
frontier. Hence the position of each farm enterprise relative to the frontier could be influenced by some factors 
within the control or without the control of the farm decision unit. (Sail,1997).  
 Technical efficiency of an individual farm enterprise is defined in terms of the observed output Yi to the 
corresponding frontier output y*. The Y* is maximum output achievable given the necessary existing 
technology and assuming 100% efficiency in resource utilization. 
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 The stochastic frontier production function (SFPF) in efficiency studies was adopted in this study. In the 
analysis of SFPF, the error term (E) is assumed to have two components, V and Ui. The V account for the 
random effects on the farm enterprise combination activities which are outside the control of the decision unit 
which the U measures the technical inefficiency effects which are behavioral factors that come under the control 
of the decision unit. These factors are controllable if efficient management techniques are put in place. 
 The stochastic frontier approach is mostly preferred for agricultural research because of the inherent 
variability of agricultural production due to the inter play of climatic factors, soil, pest, disease and the 
ecosystem. Many small hold farm enterprises lack adequate and accurate record keeping ability and available 
production data are subject to measurement error. 
 The stochastic frontier production function model is specified as follows: 
 
Yi = f(Xiβ) + E                (4) 
 
 Where Yi is output of farm enterprises combined in specific unit, Xi denote the actual inputs vectors, βs is 
the vector of production function parameter and E is the error term that is decomposed into two component parts 
V and U. The V is a normal random variable that is independently and identically distributed with zero mean 
and constant variance (δu

2). It is introduced to capture the white noise in the crop enterprise combination 
production process. The V are factors that are not within the control of the farmers. The U measures the 
technical inefficiency relative to the frontier production function which is attributed to controllable factors. It is 
half normal identically and independently distributed with zero mean, constant variance. The variance of the 
random error δv2 and that of the technically inefficiency effect δu

2 and overall model variance are thus related. 
 
δ2 = δu

2 + δv
2 

 
 And the ratio y = δu/ δ

2 is called gama. It measures the total variation in output from the frontier, which can 
be attributed to technical inefficiency. 
 

MATERIALS AND METHODS 
 
 The study was conducted in the three agro ecological zones of Edo State, Nigeria. The primary data were 
collected with the aid of a well structured Questionnaire and assisted with personal interview. 
 Two hundred and forty (240) small holder arable crop based and permanent crop based farmers were 
selected from the farm family of 180,000 in the state (Edo ADP, 1995), through a simple random sampling 
technique. The first stage involved a random sampling of two local government areas (LGA) from each of the 
ecological zones of the state  to get Esan West, Igueben from Edo Central; Egor, Ikpoba-Okha from Edo South 
and Etsako West, Owan West from Edo North, which gave a total of six local government areas for the study. 
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The second stage involved a purposive selection of four rural communities each from the selected LGA to have 
a total of 24 communities; finally 10 farmers comprising arable crop and permanent crop based farmers were 
randomly selected to get a total of 240 respondents used for the study. 
 Baseline information on socioeconomic characteristics of farmers, input used, output as well as unit prices 
of inputs and outputs were collected. 
 
Analytical Techniques:  
 Descriptive statistics were used to examine the respondents. A multiple regression model based on 
stochastic production frontier function that assumed a Cobb-Douglas form was employed to estimate the 
technical efficiency of the arable crop based and permanent crop based farmers in the study area. The model is 
expressed in log linear form as: 
 
In Y = β0+ β1 In X1 + β2 In X2 + ----------+ β7 In X7 + V – U          (5) 
 
 Where In = natural logarithm, Y = total output of crop base combination  measured in (kg) a gini equivalent 
factor was applied to have uniform weight from the farmers outputs. X1 = farm size (hectares), X2 family labour 
(man –day), X3 = Hired labour  (man – day), X4 = planting materials (kg), X5 = depreciation (Naira), X6 = 
operating cost (naira), X7 = farm distance (km), V = random error as previously defined and U = technical 
inefficiency effects as stated earlier. 
 Estimated technical inefficiency model is as presented below: 
 
Ui = δ0 + δ1 Z1 + δ2Z2 + δ3Z3 ----------- + δ6Z6           (6) 
 
 Where Ui = inefficiency model effects, Z = education level (years) Z2 = crop enterprise combination (arable 
base and permanent crop base) Z3 = farming status (dummy fulltime = 1, part time = 2) Z4 = land source 
(dummy from farmers store = 1, otherwise = 2) Z5 = seed source (dummy from farmers store = 1, otherwise = 2) 
Z6 = Age (years), δ0 = constant and δ1

s = unknown parameters to be estimated. 
 Equation (5) and (6) are jointly estimated by maximizing the likelihood function (Udoh and Akintola, 
2001). 
 

RESULTS AND DISCUSSION 
 
Socioeconomic Characteristics of Respondents: 
 Socio-economic characteristics of Respondents are presented in table 1.0. the analysis showed that the 
farmers had an average age of 42 years, farming experience of 22 years, farm size of 3.9 hectares, household 
size of 5 on the average, the average education level was secondary school level which accounted for 51.5% and 
majority of the farmers were married which also accounted for 72%. The mean arable crop based and permanent 
crop based enterprise combinations were yam/maize/melon and yam/maize/plantain respectively. 
 This result is consisted with Nwaru and Ekumankuma, 2002 who reported mean age of 42 years and 49 
years for men and women crop farmers; which indicated that the bulk of the farmers are still energetic and 
should be reasonable enterprising. 
 
Table 1: Socio-Economic Characteristics of Respondents. 

Variables Mean 
Education level (dummy, secondary=1,others=2) 51.5%(secondary) 
Crop combination(arable crop base, permanent crop base) 3 
Farm size(hectare) 3.9 ha 
Household size(male and female) 5 
Farming experience(years) 22 years 
Marital status(Married=1,others=2) 72%(married) 
Age(years) 42 years 
Source of land(Dummy) 56% (rented) 
Farming status(Dummy) 57% (part time) 

Source: Computed from field survey, 2008. 
 
Productivity Analysis: 
 The estimated coefficients presented in table 4 for the arable crop based and permanent crop based 
enterprise combination were the elasticity of the production variables included in the SFPF for the Cobb-
Douglas functional form used. 
 The elasticity of production shows the change in output relative to a unit change in input (Mbanasor and 
Obioha, 2003). The elasticity of production for the two groups of farmers was between 0 and 1 which indicated 
that the variables were utilized in stage II which is the relevant economic region of production. Also the 



Aust. J. Basic & Appl. Sci., 6(13): 74-79, 2012 
 

77 
 

coefficients of return to scale for arable crop based (1.075) and permanent crop based (1.0.798) were greater 
than unit indicating an increasing return to scale. This implied that with respect to overall usage (RTS=1.0936), 
both group of farmers were operating at the irrational region of production. To improve on this, overall 
production factors should be intensified for both groups of farmers and resources expanded to advance 
production to stage II where there is efficient and economic use of resources. The return to scale result confirm 
previous findings by Ahmadu, (2011) in which both upland, lowland and irrigated rice production exhibited 
increasing returns to scale. However returns to scale was highest among the permanent crop based enterprises 
which agree with apriori expectation that there were more economic returns from permanent crop production 
 
Technical Efficiency Analysis: 
 Technical efficiency results are presented in tables 4 and 5 for the arable crop based and permanent crop 
based farmers.TE range from 0.15 – 0.92 and 0.33 – 0.98 values with mean values of 0.81 and 0.68 in tables 5 
and 6  respectively. This results indicated that the arable crop based farmers were operating 19% below the 
frontier while the permanent crop based farmers were operating 32% below the frontier which also shown that 
the arable crop base farmers were more technically efficient in the study area. 
 However, technical efficiency vary largely more among the arable crop based enterprises with gama value 
of 0.7255 than the permanent crop based enterprises with gama value of 0.1476. These results indicated that 
about 72.55% and 14.76% variation in the output of the two groups of farmers were due to technical 
inefficiency respectively. The loglikelihood test ratio also confirm the presence of technical inefficiency effects 
in the operations of the two groups of farmers and rejected  the null hypothesis (H0) that there were no 
inefficiency effects in the crops enterprise combination production processes. thus at p=0.05 about 99 percent 
variation in the output of the sample farmers were mainly due to technical inefficiency effects with only 1 
percent variation in the output due to random effects. With this finding the traditional response function 
(ordinary least square) was found not appropriate for the estimation of the production analysis; Based on this 
model 1 of tables 2 and 3 was not employed for further econometric and economic analysis therefore model 2 
was used.                                                               
 The large proportion of these farmers (72%) having larger technical efficiency is consistent with the 
findings of Ojo (2007) Esobhawan (2007) and Egbodion (2011) who asserted that the vast majority of the small 
holder farmers had high level of technical efficiency gains given their state of technology and resource 
condition. 
 
Technical Inefficiency Analysis: 
 Technical inefficiency is included in tables 2 and 3 respectively. The sign and magnitude of the coefficient 
of the variables of the inefficiency model are important in the determination of technical inefficiency of the 
farmers. With respect to the arable crop based enterprises the coefficient of farming status was negative, which 
indicated that this variable increased technical efficiency of the these farmers in the study area. But the variables 
education level, crop combination, seed source and age were positive which indicated that these variables jointly 
contributed to increased in technical inefficiency of the farmers while for the permanent crop based enterprises, 
the coefficient of education level (-0.1800), farming status (-0.0260), farming system. (-0.5628) and land source 
(-0.4175) were negative, which is an indication that these variables jointly contributed to the farmers technical 
efficiency in the study area. But the variables crop enterprise combination (0.1554), age (0.2064) and seed 
source (0.1180) were positive which indicated that these variables increased technical inefficiency of the 
farmers in the study area. 
 However the coefficient of education level with respect to the arable crop base farmers is not consistent 
with apriori-expectation that education could enhance the capacity of farmers for the crop enterprise 
combination activities given the World Bank report that output of educated farmers is about 13% higher than the 
uneducated. The obvious reason for this is that the educated or literate farmers has the added advantage of 
knowing with little prompting the rules of application of production inputs in order to achieve optimum result 
(Erhabor and Emokaro, 2007). These results are indications that most of these farmers are still used to planting 
unimproved planting materials and poor planting methods hence technical inefficiency recorded among the 
farmers.   
 
Conclusion: 
 Results from the analyses showed that technical efficiency varied minimally and insignificantly more 
among the permanent crop base farmers for the various crop enterprise combinations in the study area. The RTS 
showed that overall productivity of the two different crop combinations were been carried out in the irrational 
stage of production, giving room for improvement in the manner the crop enterprises were being combined. It 
was also observed in the analyses that age of farmers was positively contributing to technical inefficiency of the 
farmers in the study area. Therefore the policy option will be for Government to begin to encourage the youth in 
the area to actively participate in agricultural production by providing incentives to attract the youth. The state 
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government should resuscitate the extension services department of the Edo Agricultural Development project 
for effective dissemination of innovation to our farmers and extend subsidy on improved planting materials to 
farmers. 
 
Table 2: 0 Estimated production function of OLS and MLE for the Arable crop base farmers. 

Variables OLS. Estimate  
Coefficients 

Std 
Error  

MLE estimate 
Coefficients  

Standard 
Error  

Constant  2.5662 (1.544) 2.6431 (1.0566) 
Farm size 0.07229 (0.1268) 0.05589 (0.1042) 
Family labour 0.1552 (0.1046) 0.1544 (0.1006) 
Hired labour 0.04828 (0.0701) 0.06972 (0.0645) 
Planting materials 0.1468 (0.07859) 0.1329 (0.0758) 
Depreciation 0.2236 (0.0810) -0.01356 (0.0695) 
Variable cost 0.4031** (0.1217) 0.3931** (0.0961) 
Distance to farm 0.0292 (0.0604) 0.05288 (0.0597) 
Sigma square (δ2) 0.4142 - 1.0842** (0.2614) 
Gama (Y) - - 0.7255 (0.6285) 
Loglikelihood funct -1362.32 - -1298.67 - 
Inefficiency model   
Constant -0.9539 (1.098) 
Education level 0.0497 (0.0417) 
Crop combination 0.7628 (0.4735) 
Farming status -0.4099 (0.3339) 
Land source 0.4434 (0.3302) 
Age 0.2332 (0.1837) 
Seed source 2.227 (1.6458) 

Source: calculated from research sample data, 2008 
** 5% level of significance. 

 
Table 3: 0 Estimated production function of OLS and MLE for the permanent crop base enterprise combination Activities in the study area. 

Variables OLS. Estimate 
Coefficients 

Std 
Error  

MLE Estimate 
Coefficients 

Standard  
Error 

Constant  1.8706** 0.1074 1.862 (0.1696) 
Family labour 0.3198 0.1827 0.2393 (0.1799) 
Hired labour 0.1881 0.1824 0.1268 (0.1370) 
Planting material -0.02304 0.1440 -0.05438 (0.1075) 
Depreciation  0.3657** 0.1091 0.4235** (0.1337) 

Operating expenses -0.05868 0.1265 -0.1162 (0.1696) 
Distance to farm 0.3770 0.1959 0.3544** (0.0880) 
Sigma square -0.2591 0.0995 -0.01243 (0.2966) 
Gama  0.3435 0.3273 0.452 (0.4529) 
Loglikelihood ratio -416.6 0.3050 0.147 - 
  - -446.3  
Inefficient model 
Constant   0.3323 (0.1959) 
Education level   -0.1800 (0.2392) 
Crop combination   0.1554 (0.1268) 
Farming status   -0.02695 (0.4236) 
Seed source   0.1180 (-0.1162) 
Farming system   -0.5628 (0.3544) 
Land source   -0.4175 (0.1243) 
Age   0.2611 (0.2987) 

Source: calculated from research sample data 2008 
** 5% level of significance 
 
Table 4:0 Elasticity of Production and Return to Scale. 

Variable Arable crop base 
Elast. Of Prod 

Permanent crop base 
Elast. Of Prod 

Pooled 
Data 

Farm size 0.0559 0.3198 0.1032 
Family labour 0.1544 0.1881 0.1429 
Hired labour 0.0697 -0.0230 0.0520 
Planting material 0.1329 0.3657 0.2156 
Depreciation -0.0136 -0.0587 -0.0163 
Operating exp. 0.3931 0.3770 0.3660 
List to farm 0.0529 -0.2591 0.0228 
Age 0.2332 0.1791 0.2064 
RTS 1.0775 1.0796 1.0936 

Source: Computed from field survey 2008 
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Table 5:0 Distribution of Technical Efficiency range for permanent crop base farmers. 
Efficiency data Frequency Percent 
0.01 – 0.39 2 3.57 
0.40 – 0.49 7 12.50 
0.50 – 0.59 9 16.07 
0.60 – 0.69 13 23.21 
0.70 – 0.79 8 14.28 
0.80 – 0.89 12 21.43 
0.90 – 1.00 6 10.71 

Mean value = 0.68, minimum value = 0.33 maximum value = 0.98 
Source: Computed from survey data 2008 
 
Table 6:0 Distribution of Technical Efficiency Range for Arable crop base farmers. 

Efficiency data Frequency Percent 
0.01 – 0.49 4 2.76 
0.50 – 0.59 1 0.69 
0.60 – 0.69 4 2.77 
0.70 – 0.79 31 21.53 
0.80 – 0.89 102 70.83 
0.90 – 1.00 2 1.38 

Mean value = 0.81 minimum = 0.15, Maximum value = 0.92 
Source: Computed from survey data 2008. 

 
REFERENCES 

 
Ahmadu, J., 2011. Resource use efficiency in Rice Production in Nigeria and Taraba State, Nigeria. 

Unpublished Ph.D Thesis Department of Agricultural Economics and Extension Services, University of Benin, 
Benin City, Nigeria. 

Coelli, T.J., 1995. “Recent development in frontier modeling and efficiency measurement” Austration 
Journal of Agricultural Economics, 39: 219-451. 

Edo State Agricultural development programme (1995): A farm family survey monograph. 
Egbodion, J., 2011. Economic analysis of efficiency of crop enterprise combination among small holder 

farmers in Edo State, Nigeria Ph.D Thesis, Department of Agricultural Economics and Extension, Ambrose Alli 
University Ekpoma Edo State, Nigeria. 

Erhabor, P.O. and C.O. Emokaro, 2007. “Efficiency of Resource use and Elasticity of production among 
catfish farmers in Kaduna State, Nigeria” Journal of Applied Science Research, 5(7): 776-779. 

Esobhawan, O.A., 2007. “An efficiency analysis of artisanal fisheries production in Edo State, Nigeria. 
Ph.D Thesis, Department of Agricultural Economics, Ambrose Alli University Ekpoma. pp: 120. 

Farrell, M.J., 1957. “The measurement of production efficiency” J. Roy Statistics Social Series. A General. 
120: 253-81. 

Heady, E.O. and S.O Olayide, 1982. Introduction to Agricultural Production Economics, Ibadan University 
press Ltd.  

Irz, X. and V. Mckenzie, 2002. Profitability and Technical efficiency of Agricultural. A Comparison of 
Intensive and Extensive Production System in the Philipines. A paper presented at Action Thematique 
programme Adoption des system priscicole; compare. An Interworkshop on Comparative Adoption in 
Aquaculture Systems April 2-5 2002 CIRAD, Montpeller, Frame. 

Ogundari, K. and S.O.  Ojo, 2006. An examination of Technical, Economic and Allocative efficiency of 
small farms. The case of cassava farmers in Osun State, Nigeria. Journal of Central European Agriculture. 7(3): 
342-432. 

Ojo, S.O., 2007. Improving Efficiency in food crop production for food security in Nigeria. Agricultural 
Journal, 2(1): 9-15 medwellonline@gmail.com 

Sail, 1997. “A Characteristic Approach to Adoption; The Case of Improved  Rice Varieties in Southern 
Senegal Ph.D Thesis, Department of Agricultural Economics, Kanas State University Manthattan Ks pp: 20-30. 

Udoh, E.J. and J.O. Akintola, 2001. Technical efficiency of crop farms in the south eastern region of 
Nigeria; Nig Journal of Economic and Social Studies, 42: 93-104. 


