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ABSTRACT

The economic efficiency, determinants of production and the sources of inefficiency in arable
crop production in Kebbi State are investigated using a stochastic frontier profit function
which incorporates a model for inefficiency effects. Data were generated using the cost route
approach from a sample of 96 farm households selected from the four agricultural zones of the
state during the 2004 cropping season using the multi-stage stratified random sampling
techniques. Results show that size of land holding (hectares) and capital inputs are the major
factors associated with changes in the output of arable crops. Of the farmer’s specific

- socioeconomic variables, only three, namely: level of education, extension contact and co-
operativeness were found to be the significant factors accounting for the variation in efficiency
among small holder arable crop farmers. It recommends policies that would encourage ‘land
consolidation, attainment of basic formal education by the farmers and strengthening the
existing extension services in the state.

KEY WORDS: Economic efficiency, Technical efficiency, Stochastic frontier, Arable cTOPS,
Farmer.

INTRODUCTION

The current concern of stakeholders in agricultural development in Nigeria is the onerous task of feeding over
hundred million people in the nation. The continual increase in the nation’s population without a corresponding
increase in food production rather signals a scenario of widespread hunger, malnutrition and poverty.

The contribution of Gross Domestic Products (GDP) (CBN,1999) observed, progressively declined from 60% in
1974 to less than 10% in the 1990s following the discovery of petroleum in the early seventies. This situation has
been attributed to the relative neglect of agriculture as policy makers shifted emphasis from the farms to the oil
wells. Yields are low owing to inefficient production techniques, shortage of capital for agricultural investment, use
of in-appropriate and labor- intensive agricultural technology, rapidly declining soil productivity and poor
extension services (Tanko,2004) among others. The obvious consequence is the slow growth and inadequate
capacity of the agricultural sector to provide sufficient food for the fast growing population. With the 3 per cent
per annum rapid growth rate of the national population (CBN,1999), there has been much more pressure on food
availability with concurrent effects of increased food importation and a deepening foreign debt status . For instance,

the Central Bank of Nigeria (1999) reported that the value of annual food imports in Nigeria increased from N441.7
million in 1976 to N7,595.6 million in 1996.

Quite a number of strategies that attempt to bring about significant increases in food production have been
advocated, one of which is the effective combination of measures aimed at increasing the level of farm resources,
malgng efficient use of the resources already committed to the food subsector and combining the enterprises in an
optimal manner ( Alam etal 1995, Tanko, 2004).

‘ Increasing the level of efficiency in food crop production among smallholder farmers who operate optimally along

their production function/frontier while being much less successful in shifting from a production function to a hxgh.er
one could help in the resolution of the food crisis and improving the welfare of farmers. Lending credence to this.
Bagi (1982) affirms that it is ideal to lay emphasis on allocating and distributing adequate resoufce mpu's
investment in research and eliminating the bottle necks to efficient resource utilization at the farm level. [This stud

examined the economic factors that determine production efficiency and the sources of inefficiency of small holde:
arable crop farmers in Kebbi State.
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a) Hypotheses:
H;: Arable crop farmers in Kebbi Slafc are economically efficient in production.
H,: Th(:_ e;plamtory variables in the model for the inefficiency factors have zero coefTicients ( j . Ho:
2+ 85=0) i
b. Theoretical framework

. Efficiency is the ability to produce a given level of output at lowest cost (Farrel, 1957)
efficiency is the ability of a farm to achicve the highest possible profit, given the prices and levels of re
that farm (Bagi, 1982). The economic theory of production provides the analytical framework for mos
resefmch on productivity and efficiency. As a result of the pioneering but independent works by Aiger et
Bagl_ and Huang (1983) Kalirajan and Flinn (1983), Amaza and Olayemi (2001) consideration has been gi
possibility of estimating the stochastic frontier production function. In most of the studies, it was foun,
Cobt?-Douglas stochastic frontier does not provide an adequate representation for describing the data
specification of a translog model (Tanko, 2004).

E°°"0mic
SOmCeS of
€Mpirjy)
al (1977,
Ve 1o the
d that g,
given the

Following Ajibefun (2002), considering a farmer using inputs X; X,,..., Xa to produce output Y, efficien
transformat}on of inputs into output is characterized by the production function f (X), which shows the maximu,
output obtainable from various input vectors. The stochastic frontier production is defined as

Yi=f(Xi,B)exp (ViU);=12... n — (D)

where,

Y; = production of the i farm

X;=vector of input quantities of the i™ farm

B= vector of unknown parameters of the i farm

V; = random error associated with random factors not under the control of the farm
e.g weather.

U;= inefficiency effects (one-sided error with U20) i.e U;s are non-negative with
technical inefficiency in production.

(Vi-U)) = composite error term

The symmetric component, V, account for factors outside the farmer’s control such as weather and diseases. It is
assumed to be independent and identically distributed as N ~ (0, §°V). A one- sided component V=0 reﬂef:ts
technical inefficiency relative to the stochastic frontier, f(Xi; B ) exp (Vi-Ui). Thus V=0 for a farm output whxgh
lies on the frontier and V<O for one whose output is below the frontier as N ~ (O, 5> U), i.e the distribution of V13
half-normal. Thus, the stochastic production frontier model can be used to analyze cross-sectional data. The quel
simultaneously estimates the individual technical efficiency of the respondents as well as determinants of technical
efficiency (Battesse and Coelli 1995).

The estimation of stochastic frontier production makes it possible to find out whether the deviation in techqigzi
efficiencies from the frontier output is due to firm specific factors or due to external random factors. It Pfo“ﬁon
estimates for the technical efficiency by specifying composite error formulations to the conventional produe
functions (Khumbakar, 1990; Coelli, 1995; Battesse and Coelli, 1995).

rrespondi

Technical efficiency of an individual farmer is defined as the ratio of the observed output to the co b in the

frontier output, conditional on the levels of inputs used by the farmer. The technical efficiency of farmer (
context of the stochastic production function in equation (1) is

TE =Yi/Y;* - Q)
= f(Xi;B) exp (Vi -U) /£ (Xi; B) exp V; -(3)
=exp (-U) —4)
15
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g «od value of output

Y= observ .
Y= fronticr output (or pmmm:l output).

Given the density and V., the frontier production function can be es}imnlul by lh_e maximum
dvey :d rechnique. The value of the technical efficiency lies between zero and one. The most efficient farmer
mfthhm .alue one, whereas the least efficient farmer will have value lying between zero and one. The stochastic
sl o his study. The maximum likelihood technique is used (0 estimate the

: translog type was specifi . T | .
;migitgz the stochastic frontier and the predicated technical efficiency/ mefficiency of the farmers.

metion of Ui

of the translog has come under theoretical criticism on the basis that estimates

f violation of regularity- conditions at extreme sample values to the inclusion of
2000), however, the problem becomes partially solved

empirical estimation

obtained may be invalid because 0
the second-order term, especially 1n small samples (Amaza,
better degree of freedom.

METHODOLOGY
a) The Data and Model

1. The Data

This study was conducted in Kebbi State. Itis Jocated in North Westem part of Nigeria which lies between la.titud.es
10%and 13° N and longitudes 30 and 6°W. The area falls within the dry Savanna agro ecological zone of Nigena with
an average annual rainfall of between 650mm and 1100mm, with distinct wet (May- October) and dry (November
April,) seasons. Over two thirds of the estimated population of about 2,051,831 people are engaged in agricultura

ith aspects of animal husbandry (Tanko, 2004)

production, mainly on arable crops, alongside few cash crops w1
There are four agricultural zones in the state, namely, Argungu, Bunza Yauri and Zuru. Kebbi State was chosen fo

the study because the state is strategic in terms of food production in Nigeria.
A multi-stage stratified random sampling technique was used to select 96 representative arable crop farr
of sampling. The second stag

households. The agricultural development project zones formed the first-stage

involved listing all the blocks in each of the zones to form separate sampling frames.The third stage was circle leve
Four circles each were chosen from selected blocks. From each circle, a village was purposively selected. Purposiv
selection of villages was to ensure that only farming communities were chosen. The last stage was the fan
household level. A list of smallholder arable crop farmers was compiled by the resident extension agents with tt
assistance of village heads. The sampled villages include Ribah, Amanawa, Fakai, Danko, Kaoje, Bagudo, Bess
Aliero, Bunza, Ngaski, Agwara, Gungun Sarki, Yelwa, Arewa, Kangiwa, Gulma, and Gwandu from the for
agricultural zones. Data were collected from the farm households with a structured and validated questionnaire. Da
were collected on the socio-economic characteristics of the farmer, cropping patterns, production activities in tern
of inputs, outputs and their prices using the cost-route approach from July 2004 to January 2005 after all the cro
have been harvested. The yield plot method was used to obtain the yield of crops and conversions were later ma

using the grain equivalent table.

ii) The Model

'(Il':; stot;:l;asnc fmptier Pmduction function used by Parikh and Shah (1994) and Onus et al (2000) which in

damv’;h m the pioneering work of the composed error model of Aigper, et al (1977) was used in analyzing t

e he efx.phclt form of the translog empirical stochastic frontier profit function model was used, which allo
ysis of interactions among variables is specified as follows:

Inn* =Bo+
xz+y,‘é‘.’om”,:"z‘l‘}f‘3:.“‘"’*”"“"’*'3""*' + s xs+ % Boln i + %ol x4 % Palns’ + 1By
: A Xllnxz+Blzlnx‘hlx3+ﬁulnx‘mx‘+BIJh1xllnxS+B|5lanh\X3+B15hL‘z‘nx.|+|

In x In
(6)2 Xs+BltlﬂX3lDX4+ﬁ‘9[nxslnx’+Bmlnx‘hx’+vr

Where,

In = logarithm to base e

16
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: . enuc less variable cost normalized by price o
at = Normalized profit in Naira of the farm defined as gross rev fon
output per farmer

Bo= intercept / constant term

3 in hectares Sie
2y % farm 8 72 measured in e i snclude: depreciationt charges
s, repair and operating

nt, imJ lements, tool
{ ital, rent on land, tractor

on machinery, equipme:
expenses, interest charges on borrowed cap
hiring costs and irrigation charges pE
X, = Daily wage 1ate ™) normalized by price of crop output per :
X, = Price of fertilizer (N) normalized by price of crop output per farmer
X = Price of planting material (N) normalized by price of crop output pet

farmer. )
V;= Nommal random errors which are assumed to be mdependfmt and
identically distributed having zero mean and constant variance. _ .
U;=  Technical inefficiency effects, assumed to be independent of V;’s and are non-negative random variab
i lved. It is under the farmer’s control a

associated with the economic efficiency of the enterpnse invo

accounts for inefficiency.

The total number of interactions is fifteen.

It is assumed that the technical inefficiency effects are independently distributed and arise by truncation (at zero)

the normal distribution with mean U, and variance 5%, where U is specified as;
Ui=80+81Z1i+82Z2i+632i3+84Z4if652'ﬁ+56Z61+51Zﬂi+aszﬁ+59z9i —M

Where,

Ui = economic efficiency of the ith farmer
7, = Age of the farmer in years
7= Level of education in no. of years spent in school.
Z,= Farming experience in years
7= Household size
Zs=Farm size
Z¢= Number of meetings with extension agents during the production
season
Z;=Dummy variable for credit status (1 for access to credit, 0
otherwise)
Zg= Dummy variable for membership of co-o 1
membership, 0 otherwise) : st
Z= Sex, (1 for male, 0 otherwise)
81- 89 = unknown parameters estimated.

The parameters of the stochastic frontier functi i
ction are esti 2
computer program FRONTIER version 4.1 (Coelli, 199:)8_ mated by the method of maximum likelihood usin

The effect of technical inefficiency i ati

p . . y in the variati .

drawing a relationship for the mefficiency index t: lti:tf :;l ;p ut was detennfmed following Jondrow et al’(1 98
eneral error as follows:

y=041+2%)
=~+(8)

RESULTS AND DISCUSSION,

(a). Socio-economic Profile of Responden
t Farm
The Zﬁ?ﬁ; ::lir;z hmtl.scholld sunfzedehid ey fmnigo:,ﬁgﬁs H:;d;d )
Quar ucation. Farm size per household averaged 3.50 ixectares oi)" c!::;lée, ::darlned and had attained al
vated land in scattered locatic
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 Farm operations relied primarily on houschold labour and tradit . _
experience web 18. Operating capital empenr N5 0\3‘ traditional farming practices. Mean ycars of farming

b) Stochastic Frontier Estimation
The frontier function was estimated using maximum likel imat
: . > ikelihood estimation h 3
F RONTIEA% 4_.1 progri:mme develqped and licensed by Coelli (1994). The results of Mllql)p ::cgiv(:\{ l':'}:::l;gh -
Table 1: Maximum Likelihood Estimates of the Determinants of Economic Efficiency in Arable Crop Produci'nn in

Kebbi State,2004.

anable
;’,roduCtion factors gmaa Cocfficient t-ratio
Intercept Bo
Farm size Xy B %:;;0# . 2356
Capital nputs(X2) B, 143200 3 503
Labour (X2) - B, 0911 0.175 ‘
f,‘l’“ﬂ.iz“g(‘) . B 0.294 0.583
2 ;lxg : ;ﬁsﬂa‘ Xs) Bs -0.180 0323
Farm size X farm size B
Capital X Capital By Py 0503
LabourXLabour Bs _600] -6631
Fertilizer X fertilizer Bo 0 002** 2 135
Material X Material B 0,002 1107
Interaction Among Inputs )
Farm size X Capital Bn -0.073 -0.791
Farm size X Labour B 0.025 0432
Farm size X Fertilizer B -0029 -0699
Farm size X Material ' B -0.096 -1299
Capital X Material By 0039 0619
Labour X fertilizer Bs 0.004 0.079
Fertilizer X Material B 0.100** 2.126
Inefficiency Factors
Intercept Zo 0.710** 1.307
Age Z, 0016 1222
Level of Education Zy 0.040** 2.295
Farming Experience Zs 0.022 1.587
Household size Zs -0.001 -0.002
Farm size Zs -0.008 -0329
Extension contact Zs 0.242** 1.987
Credit Zs 0.254 0.744
Co-operativeness Zs 0.869** 2.194
Sox Zs 0.145 0.406
Diagnostic Statistics
Likelihood ratio -62.60
MRbes &) gt (5997
Sigma- : )
Gf:;‘;qu"d §1) 0619°** (6.010)

Asterisks ***, ¥+ and ¢ imply significance at the 0.01,0.05 and 0.10 levels respectively

Source: Com);uwr printout of Frontier 4.1.

Table 1 shows the maximum likelihood estimates of the translog lecha.itic frontier prpﬁt function for
arable crop farmers in the survey area. Results i the table show that the estimate of 8" (- e

is relatively large, statistically significant and different from 2€70 at 0.01 level This indicates 8 &
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correctness of the specified distributional assumption of the composite error lerm. Xu and JefTrey (1995), kel
(2001) and Ajibefun and Aderinola (2003) in their various investigations obtained similar results ede

More so, the variance mtio, defined as 1 = du’/ (6\]: + &) that is gamma, is estimated to be a3 ligh as 6] o,
percent, suggesting that systematic influences that are unexplained by the production function are the dﬂm\mn;
source of random errors. In other words, the presence of technical inefficiency among the sample farms explan,
about 62 percent of the variation in the output level of the crops grown. This confirms that in the specified mode|
there is the presence of one-sided error component. This also implies that the effect of technical mefTiciency o
significant and that a classical regression model of production function based on 'mdinary least squares estimatior,

would be an inadequate representation of the data. The  results of the.di:gnost}c st‘xtish'cs therefore confirm the
relevance of stochastic parametric production frontier and maximum likelihood esimation.

The frontier function was estimated using maximum likelibood estimation (MLE) approach through the
FRONTIER. 4.1 Program developed by coelli (1994).
<) Production Elasticities

The results in Table 1 show that the coefficients of farm size and capital inputs carried the expected positive signs
and were significant at the one percent level. Their output elasticities indicated that an increase of 1 percent in farm
size (hectare) and capital inputs will lead to 1.457 and 1.432 per cent increase in output of arable crops respectively
The sum of the elasticities indicated that the farmers were operating in the increasing retumns to scale stage of
production in the short run. Increasing retumns portray a case whereby an additional unit of input results in a larger
increase in’ production than the preceding unit. In this scenario, optimum cfficiency of production or resource use
has not been attained and resources are mis-allocated or underutilized below the point of economic efficiency. Farn
size and capital inputs were thus found to be important factors in explaining output. However, Tanko (2004

observed that in traditional agriculture, capital investment on fixed assets is negligible.

d) Interactions of physical inputs

Capital and Fertilizer: This interaction term has a positive effect on output level and is significant at |
percent level. It implies that a unit increase in capital with a corresponding unit increase in fertilizer would lead !
less than proportionate increase in output level by 0.124 margin.
Fertilizer and Material: The estimated coefficient of the joint effect of fertilizer and cost of planting material whic
is 0.100 is statistically significant at 5 percent level and is positively related to output level attained. This also shov

a less than proportionate increase in the output level when fertilizer is increased by 1 unit, given a unit increase
the cost of planting material.

e) Sources of Inefficiency

The sources of inefficiency are examined by using the estimated -coefficients in Table 1 associated W
the efficiency variables in equation 7. The coefficient of level of education variable is estimated to be positive
expected and statistically significant at the 5 percent level. This finding is in consonance with previous findings
Battesse et al (1996); Coelli and Battesse (1996); Seyoum et al (1998) and Amaza and Olayemi (2001). Far®
with formal education tend to be more efficient in food crop production, due presumably to their enhanced techn
competence, which enables them to produce close to the frontier output Also, farmers with education resp
rw}(:j\ly] to the use of improved technology and tend to cope more with complexities associated with 1mpr©
technology-

The coefficient qf gxteqsion variable is estimated to be positive as expected and statistically significant atd
percent level. This implies that farmers who had more extension visits and teachings, tend to be mor¢ efficiet

P e crop production. Extension visits affords the farmer the opportunity o leam improved technologies 04
1o acquire needed inputs and services. imp

The coefficient of membership of co-operative was found to be positive and significant as expected at the 3pe
level The result corroborates the findings of Efliong (2005), Tanko (2004) and Nwaru (2004). Farmers’ membe
of associations affords them the opportunity of interacting with others and thereby exchanging informatic
improved technology 1n arable crop production.

The distribution of respondents according to levels of attainment of economic efficiency is presented in Table 2
19
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Results in 'I‘qblc 2 indicr_uc that economic cfficiency of arable crop farmers in the survey arca ranged from 0.21 0
0.95, indicating that a wide gap exists between the efficiency of best economically efficient farmers and that of the
average farmers. The mean economic efficiency of the farmers is 0.59. The estimates reveal that for the average

arable crop farmer

Table 2. Frequency distribution of Economic Inefficiency of Arable crop farmers in Kebbi State, 2004.

Efficiency class No. of Farmers Percentage
021-0.30 12 12.50
031-0.40 15 15.62
0.41-0.50 10 10.42
0.51-0.60 10 10.42
>0.60 49 51.04
Total 96 100.00
Mean 0.59
Standard deviation 0.12
Minimum 021
Maximum 095

Source: Derived from output of computer Programme Frontier 4.1 by Coell

(1994).

1o attain the level of the most economically efficient in the sample, he/she would experience a cost saving of 39
percent [ie. (1 -59/96)]. The least economically efficient farmer will however, experience efficiency gain of about 79
percent that 1s [ (1-2196) ] to be able to attain the level of the most economically efficient farmer in the sample.
This shows that farmers in the survey area are economically inefficient. Amaza (2000) observed that a wide
variation in farmer-specific cfficiency level is a common phenomenon in developing countries. In the same vein,

Onu et al (2000) found that the economic efficiencies of Cotton farmers in Nigeria differ substantially, ranging
between 0.07 and 0.85 with a mean efficiency of 0.4 1.

) Test of hypotheses.
Table 3 shows the tests of hypotheses for the parameters of the translog empirical stochastio frontier profit

function.

Table 3. Test of Hypotheses of the Parameters of the Translog Stochastic Frontier Profit Function for Arable Crop

Producers in Kebbi State, 2004.

Hypotheses Likelihood ratio Critical X? 0.05 Decision
1 33.00 1191 Reject
62.60 1191 Reject

2 '
Source: MLE Diagnostic Statistics Critical X? were obtained from Dey et al, (2000).

The results of the generalized likelihood ratio test indicate that hypothesis 1 which states that arable crop farmers are
fully economically efficient is hereby rejected. This implies that there is economic inefficiency in arable crop
production in the survey area. Hypothesis 2, which specifies that the explanatory variables in the model for the
inefficiency factors have zero coefficients is also hereby rejected. This implies that the explanatory variables in the

model contributed significantly in the explanation of efficiency in arable crop production in Kebbi State.

CONCLUSION AND POLICY RECOMMENDATIONS

The study has shown that arable crop farmers in the area were not economically efficient and economic efficientcy

in arable crop production could be increased. Farm resources were not optimally allocated suggesting a SCOp¢ for
improvement. Size of land holding was positive and significantly influenced farmers’ efficiency. The need for
emphasizing the expansion of area under cultivation becomes jmminent as there are advantages of having large
sized farms. There was apparent increasing returns 1o size in arable crop production and farmers with large farm
sizes have access to production inputs and extension services. Polices that would encourage land consolidation are
advocated. The Land Use Act of 1978 should be abolished and a policy that will allow for establishment of land
- markets be introduced or reactivated to engender acquisition and expansion of cultivable land.

20
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. . . " .nd ignificant at the 5 percent level. The amount of capital inputs per
The coefficient for capital inputs is positive a ;lganfann and ultimately the level of output Adequate supply of

farm determines the level of investment in suc ) yd f b tted at ey
. i sonvenient and at fairly competitive price should be targetted at practicing
irioderfl tbuly &1 fens S UL BN le that positively influenced efficiency, farmers should be

farmers. Since education is an important variab ]
i i Universal Basic Education (UBE) should be slrengl.!lened. Results alsq
encouraged to acquire formal education. The Univer: o wees ooyt SRl The role o

reveal that extension contact and membership of farmer in organiza : 2

these variables in improving productivity vis-a-vis acquisition and use of mformation on_n;odem arab!e crop
production techniques cannot be over emphasized. The Extension Department of the State Ministry of Agriculture
and the ADPs should be properly funded and strengthened to enhance their outreach to farmers.
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