International Journal Of Agricultural Economics, Management and Development (IJAEMD)

MEASUREMENT OF TECHNICAL EFFICIENCY AND ITS
DETERMINANTS AMONG INLAND VALLEY RICE FARMERS IN
OHAFIA AGRICULTURAL ZONE OF ABIA STATE, NIGERIA

O. R. lheke! and J. C. Nwaru?

Department of Agricultural Economics
Michael Okpara University of Agriculture, Umudike
PMB 7267, Umuahia, Abia State, Nigeria

ralphiheke@gmail.com, liheke.onwuchekwa@mouau.edu.ng;
2nwaruj@yahoo.com;

Abstract

Despite her great potentials for increased rice production, Nigeria still
relies a lot on imported rice in order to provide for her teeming population.
Given the deleterious consequences of imports of this magnitude to the
scarce foreign exchange, there is need to ensure that yield potentials are
fully achieved on rice farms. One way of doing this is harnessing on a
sustainable basis the rich and abundant rice growing environments in the
country such as inland valleys. Therefore, this study was designed to assess
the technical efficiency of inland valley rice production in Abia State of Nigeria. It
employed the translog stochastic frontier production function technique to analyse
primary data collected by the cost route approach from a random sample of 60
inland valley rice farmers. The estimated farm level technical efficiency in
rice production ranges from 0.1681 to 0.9991. The mean technical
efficiency was 0.5780 percent. The significant determinants of technical
efficiency were age of the farmer, years of education, years of farming
experience, extension contact, farm size and famers’ access to credit. It was
recommended that policies encouraging greater investments in education as
well as technology transfer; establishing sustainable micro-credit schemes
and increasing farmers’ scale of operation through improved access to
production inputs like land should be put in place.
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Introduction

Rice growing environments in Nigeria are usually classified into five rice
ecosystems: rainfed upland; rainfed lowland, irrigated lowland, deep water
and swamp (Cobley, 1976; WARDA, 1999). Around 9 percent of these rice
growing environments are generally estimated to fall under deep-water
environment, although this figure is most likely over estimated given the
physical limits to area expansion within this environment. Irrigated
environments account for 16 percent of total rice area; rainfed upland
systems account for 25 percent and rainfed lowlands accounts for the
remaining 50 percent (FAO, 2003). The rainfed lowland systems, which
include the broad inland valley bottoms referred to as Fadama in Northern
Nigeria and the flood plains along the Niger and Benue River systems,
appear to have been a major source for rapid improvement in paddy
production in recent years. Continued increase in rice production will be
possible through continued expansion into high potential areas, especially
the inland valley bottoms in the Midwest and Southeast and the alluvial
lowlands along the Niger and Benue Rivers (Carsky, 1992). Additional
gains may be achieved through investment in water control, particularly
low-cost small-scale systems in inland valleys. Iheke and Nwaru (2008)
reported that inland valleys present the most profitable picture of rice
production as shown by their higher profit margins over other rice
production systems.

Andersen (1993) noted that although food production increased at an
impressive rate in developing countries during the 1980s, it failed to keep
pace with population growth in two-thirds of the developing African
countries. The situation has not only contributed to food insecurity but has
led to adoption of inappropriate land use practices which has resulted to soil
degradation and loss of fertility (Tantawi, 2000) and reliance on imports.
These scenarios seem true for Nigeria. WARDA (2003) noted that Nigeria is
the world’s second largest importer of rice, spending over US $300 million
annually on rice imports alone. It stated that the country imported 1.7
million tons of rice in 2001 and 1.5 million tons in 2002 (WARDA, 2003).
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Imports of these magnitudes represent a major drain to scarce foreign
exchange and a hindrance to broader developmental efforts.

Yet, Nigeria has the potential to greatly increase its own rice production.
The Nigerian rice sector has a lot of potentials for increased productivity as
the country is blessed with rich and abundant rice growing environments.
However, according to WARDA (2002), rice policy in Nigeria is
characterized by inconsistency, shifting between open and protectionist
trade policy and such changes hinder the ability of stakeholders to develop
long term strategies. WARDA (2002) also noted that the key issues for the
domestic sector improvement are the availability of inputs and credit, as it is
the best crop for the flood prone low lands (fadamas). IITA (1988) reported
that severe scarcity of resources and poor crop management are the greatest
constraints to rice production in Africa. As a result, yield potentials are not
fully achieved on rice farms, although high yielding varieties and the
associated technologies exist and are already being used by some of the
farmers. The result is that Nigeria has depended heavily on imported rice to
meet her consumption needs and, according to (WARDA, 2003), has
become the world’s second largest importer of rice. The deleterious
consequences have reinforced the vicious cycle of poverty that still ravages
the country.

IITA (1988), in its strategic plan, noted that the greatest increases in rice
production in the region would come from inland valley bottoms and
associated hydromorphic uplands. Carsky (1992) described inland valleys as
small valleys, which are located near the coast and do not have long flood
plains. They are in the upper reaches of watersheds having no large flood
plain, typical of large rivers or salinity and sulphur problems, typical of
coastal valleys (Carsky and Masajo, 1992). According to Andriesse (1986),
an inland valley starts at a water source as a stream flow valley, which
further downstream becomes a river over flow valley. Carsky (1992) noted
that though a substantial amount of research has been conducted on rice,
there has been less study of rice production in inland valleys (IVs). The
WARDA Technical Bulletin of 1978 placed rice research efforts in inland
valleys at less than 10 percent while between 14 — 22 percent was
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concentrated on each of the other rice ecosystem, despite the fact that Vs
have great potentials for increased rice production.

Given the present world food crisis, it has become pertinent to exploit the
opportunities offered by this rice growing environment and this has made it
necessary for an investigation in to the farm level technical efficiency of
farmers in this production system. While most studies have focused on
upland and swamp rice, little has been done in inland valleys with its great
potential of increasing rice production and productivity especially in the
study area. In the area of technical efficiency, there is limited empirical
evidence on the efficiency of rice farmers in inland valleys. Therefore, this
study was designed to measure the technical efficiency of inland valley rice
farmers in Abia State, Nigeria. Technical efficiency refers to the ability of
production units to produce maximum outputs from a given set of inputs. It
indicates all the undisputed gains obtainable by simply gingering up the
management (Farrel, 1957; Ilheke, 2006). Differentials in technical
efficiency might attributed to the differences in managerial ability,
employment of different levels of technology as indicated by the quality and
type of resources used, differences in environmental conditions such as soil
quality, rainfall, temperature, solar radiations and precipitation or non
technical and non economic factors such as sicknesses which may prevent
the user of the resources from working hard enough, thus failing to achieve
the best level of output (Nwaru, 1993). It is believed that the productivity of
the farmers in general and rice farmers in particular could be enhanced
through enhancing their technical and allocative efficiency in response to
better information and education (ldiong, 2006). With the difficulties
encountered by farmers in developing countries for developing and adopting
improved technologies due to resource poverty, efficiency has become a
very significant factor in increasing productivity (Ali and Chandry, 1990).

Methodology

Study Area: This study was conducted in Abia State of Nigeria. The State
has a land mass of 6,320 square kilometers, a population of 4,222,476
people and a gross domestic product (GDP) of $8.69 billion and per capita
of $3,003 (C-GIDD, 2008).The State lies approximately between latitudes 4°
40" and 6° 14' North and longitudes 7° 10' and 8°0! East. It shares common
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boundaries to the north with Ebonyi State; to the south and southwest with
Rivers State; and to the east and southeast with Cross River and Akwa Ibom
States respectively. To the west is Imo State and to the northwest is
Anambara State. Abia State is divided into three agricultural zones namely:
Ohafia, Umuahia and Aba Agricultural Zones. The predominant soil of the
area is sandy loam while the natural vegetation is the tropical rainforest.
Being located in the tropical rainforest zone of the country, it is
characterized by two distinct seasons - the dry season and the wet season.
The dry season lasts from November to March while the wet season lasts
from April to October. Farming is the predominant occupation of the
inhabitants. Almost all the families in the zone farm either as a primary
occupation or as a secondary occupation. The region is blessed with
favourable warm climate and sufficient moisture ideal for the growing of
tree crops, root and tuber crops, cereals, vegetables, nuts and food crops
including rice.

Data Collection Technique: A multi-stage sampling technique was used in
choosing the sample. Ohafia Agricultural Zone was purposively selected
because it is in this Zone that the inland valleys such as the Ubibia Awallo
inland valley are found. Two Local Government Areas in the Zone, based on
performance in rice production, were purposively selected for the study.
From each of the chosen LGASs, 3 blocks were randomly selected from
which 6 ADP cycles were randomly chosen. Five villages in each cycle
were randomly selected. A rapid appraisal of the study area was undertaken
and questions posed to village heads, resident agricultural extension agents
and key informants helped in preparing the list of rice farmers in each
chosen village. This list formed the sampling frame from which a sample 60
inland valley rice farmers was selected using simple random sampling
procedure.

Preliminary visits were made to the study locations before the
commencement of actual data collection. The visits helped the researchers
familiarize themselves with the study locations and establish helpful public
relations with village heads, resident agricultural extension agents, key
informants and field guides. At this stage, field enumerators were recruited,
trained and assigned to the study locations. Also data collection instruments
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consisting of well-structured questionnaire and interview schedule were pre-
tested to standardize them and to give the enumerators adequate orientation.
This made for easy understanding by the respondents and easy
administration by the field enumerators.

The cost route approach was used in data collection for the entire production
period from April to December 2007. By this method, contacts were made
with the respondents forth nightly to determine and record relevant pieces of
information from them. The research instruments found useful at the end of
the fieldwork were used for further analysis. Data collected were those on
socio-economic characteristics of the respondents such as age, sex,
household size, educational background and farming experience. Others
were on farm inputs like fertilizer, labour use, farm size, capital assets,
paddy prices, credit and extension services, costs and returns (input and
output) arising from rice production in the production systems.

Analytical technique:
The theoretical model: A stochastic frontier production function is given
as:
Yi=f(Xi;B)exp. (Vi-Ui), i=12 .n

1)
Where Yi is the output of the i-th farm, X; is the vector of input quantities
used by the i-th farm, B is a vector of unknown parameters to be estimated,
f( ') represent an appropriate function such as Cobb-Douglas, translog, etc;
Vi is a symmetric error accounting for the effect of random variations in
output due to factors beyond the control of the farmer e.g. weather, diseases
outbreaks, measurement errors, etc. Vi is assumed to be independently and
identically distributed as N(O, §,?) random variable independent of the Uis.
It is a non-negative random variable representing inefficiency in production
relative to the stochastic frontier. The Uis are assumed to be non-negative
truncations of the N(O, §,2) distribution, that is, i.e. half normal distribution.
The stochastic frontier model was independently proposed by Aigner et al
(1977) and Meeusen and Van den Broeck (1977). Its major advantage is that
it provides numerical measures of technical efficiency. The technical
efficiency of an individual farmer is defined in terms of the ratio of the
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observed output to the corresponding frontier output given the available
technology.

Technical efficiency (TE) = Yi/Y* = f (Xi; B) exp. (Vi— Ui/ f (Xi; B) exp. (Vi)
=exp (-Uy)
)

Where Yi is the observed output and Yi* is the frontier output and other
parameters remain as defined in equation (1). The parameters of the
stochastic frontier models are estimated using the maximum likelihood
techniques (Aigner et al, 1977).

The empirical model: The production function of the rice farmers was
assumed to be represented by a translog stochastic frontier production
function and was specified as follows:
InY = Inbg + b1InX1 + b2InX2 + bzIlnX3z + balnXa + bsInXs + 0.5bgInX2 +
0.5b7InX22 + 0.5bgInX3? + 0.5bgInXs? + 0.5b1oIlnXs? + brInXiInX, +
b12InX1InX3 + b13InX1InXs + busInX1InXs + bisinXoInXs + biglnXoInXy +
b17InX2InXs + b1gInX3InXs + b1glnX3InXs + baolnXsInXs + Vj — U;

©)

Where In is the natural logarithm, bo is the intercept, b: to bz are the
parameters estimated, Xy is farm size in hectares, Xz is labour in mandays,
X3z is cost of seed, X4 is fertilizer and other agrochemicals (naira), Xs is
capital (naira) and other variables were as previously defined in equations
(1) and (2).

In order to determine the factors contributing to technical efficiency, the
following model was formulated and estimated jointly with the stochastic
frontier production function in a single stage maximum likelihood
estimation procedure using the computer software frontier version 4.1
(Coelli, 1996):
TEi =ao = a1Z1 + axZo + a3Z3 + auZs + asZs + aeZs + a7Z7 + agZg + agZg

(4)
Where: TE; is the technical efficiency of the i'" farmer, Z; is the age of the
farmer (in years), Z> is household size, Z3 is farmer’s level of education in
years, Zs is years of farming experience, Zs is number of extension contact
made by the farmer in the cropping year, Zg is farm size (in hectares), Z7 is
membership of farmers association or cooperative society (a dummy which
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takes the value of unity for members and zero if otherwise), Zs is access to
credit (a dummy which takes the value of unity for access and zero if
otherwise), Zo is use of improved rice variety (a dummy which takes the
value of unity for use and zero if otherwise), and ai, a2, as, ..., as are
regression parameters estimated. It was expected a priori that a; and az
would be negative while the others would be positive.

Results and Discussion

Summary statistics of the farmers’ use of inputs

The summary statistics of the farmers’ use of inputs is presented in Table 1.
From the Table, the mean hectarage cultivated by the farmers was 1.35
hectares while the average amount of labour spent was 99.09 mandays. The
average expenditure on seed was N2061.50. The average expenditures on
fertilizer and agrochemical and capital inputs were N11005.35 and
N1286.95 respectively.

Table 1: Summary statistics of the farmers’ use of farm inputs
Variable Minimum | Maximum Mean Standgrd
deviation
Farmland 0.5 3.5 1.35 1.13
Labour 88.33 156 99.09 17.36
Cost of seed 1920 3550 | 2061.50 121.25
Fertilizer/agrochemical 10425 18900 | 11005.35 397.55
Capital inputs 965.05 3780 | 1286.95 511

Source: Survey data, 2008

Estimated translog stochastic frontier production function

The maximum likelihood estimates of the translog stochastic frontier
production function of the inland valley rice farmers were summarized and
presented in Table 2. The coefficients of farm size, labour and fertilizer and
other agrochemicals were positively signed and significantly related to rice
output. These imply, ceteris paribus, that the output of rice increases with an
increase in these variables. Labour and entrepreneurship are the most
important resources next to land in traditional agriculture because it is in
them that the decision making power in the production process resides
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(Olayide and Heady, 1982; Upton, 1997; Ojo and Ajibefun, 2000). Labour
here refers to the available human effort for use in agricultural production.
Moreover, farm operations in Nigeria have remained labour intensive
(Nwaru, 2004). The use of fertilizer and other agrochemicals have been
described as a proxy for technology; that is, technology is said to be
improving if fertilizer and other agrochemicals were being used optimally
because according to Nwaru (2004), fertilizer has been described as a major
and common soil augmenting input in the sense that it improves productivity
by increasing crop yields per hectare.

Table 2: Estimated Translog stochastic production function

Production factor Parameter  Coefficient t-ratio

Constant term 0o -158.497 -1.576*
Farm size o1 26.383 2.642%**
Labour o 20.918 1.511*
Seed o3 151.254 1.446
Fertilizer and other agrochemicals 04 2.333 2.008**
Capital as 0.207 1.415
Farm size? s -1.364 -0.429
Labour? o7 -2.671  -2.699***
Seed? o -2.967 -1.483
Fertilizer and other agrochemicals 2 09 -5.450 -0.335
Capital? 010 -0.746 -0.969
Farm size X labour 011 2.557 1.945*
Farm size X seed o2 0.701 2.334**

Farm size X Fertilizer and other

. 013 1.872 1.778*
agrochemicals
Farm size X capital 014 -0.942 -0.531
Labour X seed 015 -1.979 -2.139**
Labour X Fertilizer and other s 2612 2 93Grrx
agrochemicals
Labour X capital 017 -1.345 -0.799
Seed X Fe_rtlllzer and other s -0.438 -0.661
agrochemicals
Seed X capital 0119 2.333 1.680*
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Fertilizer and other agrochemicals X

- 020 -1.169 -1.096
capital
Diagnostic statistics
Log likelihood function -25.397
Total variance 52 0.713 5.478***
Variance ratio r 0.871 4.989***
LR test 27 530***

Source: Computed from Frontier 4.1 MLE/ survey data, 2008

Among the second order terms, the coefficient of the square of labour was
significant at 1 percent and negatively related to rice output. The coefficients
of the interactions of farm size and labour, farm size and seed, farm size and
fertilizer and other agrochemicals, and seed and capital were positively
related to rice output and significant while those of labour and seed and
labour and fertilizer and agrochemicals were negatively related to output of
rice and were significant. The estimated variance is statistically significant
at 1 percent indicating goodness of fit and the correctness of the specified
distribution assumptions of the composite error terms for the inland valley
rice farmers. However, the variance of the non-negative farm effects is a
non-significant proportion of the total variance of farm outputs. Gamma (),
given by (A%/1 + A%) was estimated at 0.871 indicating that 87.1 percent of
the total variations in rice output are due to technical inefficiency.

Sources of technical efficiency

The estimated determinants of technical efficiency in inland valley rice
production were summarized and presented in Table 3. From the Table, age,
years of education, years of farming experience, extension contact, farm size
and access to credit were the significant determinants of technical
efficiency. Apart from age, all the other factors were directly related to
technical efficiency of the farmers. Age was significant at 1 percent. This
result is consistent with a priori expectation and agrees with Idiong (2005),
Onyenweaku and Ohajianya (2007), Okoye and Onyenweaku (2007). Idiong
(2005) stated that the older a farmer becomes, the more he is unable to
combine his resources in an optimal manner given the available technology.
Nwaru (2004) posited that the risk bearing abilities and innovativeness of a
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farmer, his mental capacity to cope with the daily challenges and demands
of farm production activities and his ability to do manual work decrease
with advancing age.

Table 3: Determinants of technical efficiencies of the farmers
Variable Parameter Coefficients t-ratio
Constant ao 0.1732 0.087
Age a1 -0.054 -4.273%**
household size az 0.129 1.243
Years of education as 0.878E-02 3.516***
Farming experience a4 0.107E-01 1.594*
Extension contact as 0.161 2.191**
Farm size as 0.020 2.425**
Farmers’ association az -0.015 -0.479
Access to credit as 0.328 2.358**
Improved variety ag 0.043 0.942

Source: Computed from Frontier 4.1 MLE/ survey data, 2008

Education was significant at 1 percent and positively related with technical
efficiency. This implies that the higher the level of education acquired by
the farmer, the greater his efficiency. This conforms to a priori expectations
and the report from Nwaru (2004). Education increases the ability of farmers
to adopt agricultural innovation and hence improve on their efficiency. In
line with this Obasi (1991) stated that the level of education of a farmer not
only increases his farm productivity but also enhances his ability to
understand and evaluate new production techniques. Meanwhile, Jaja et al.
(1998) and Nwaru (2001) opined that the Nigerian agricultural landscape is
charcterised among other things by numerous isolated small holder farm
operators, the overwhelming majority of who cannot read or write.
Therefore, policies and programmes to enhance the educational status of the
farmers especially through adult literacy programmes are necessary.

Farming experience was significant at 10 percent and positively related with
technical efficiency. This agrees with Kalirajan (1981), Kalirajan and Flinn
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(1983), Onyenweaku, lgwe and Mbanasor (2004), Onyenweaku and
Ohajianya (2007), Okoye and Onyenweaku (2007) but differs from Onu et
al, (2000) whose result shows a negative relationship. It has been noted that
farmers would count a lot more on their farming experience for increased
productivity and efficiency (Olomola 1988; Obasi, 1991 and Nwaru, 1993).
Thus the result has some positive implications for increased efficiency and
productivity because according to Nwaru (2004), as the number of years a
farmer has spent in the farming business may give an indication of the
practical knowledge he has acquired on how he can overcome certain
inherent farm production problems.

Land and labour have been described as the most critical inputs in traditional
agriculture. The coefficient for farm size was significant at 5 percent and
positive. This result with agrees with a priori expectations and the reports
from Onyenweaku and Effiong (2005), Onyenweaku and Nwaru (2005),
Onywnweaku and Okoye (2007).However, itdiffers from Lau and
Yotopoulus (1971), Kilirajan (1991), Bravo-Ureta and Evenson (1994) who
noted that smaller farms were more economically efficient than larger farms
within the range of output studied. Result of the present study implies that
policies for increased access to farmland through land reform policies that
make for redistribution and consolidation should be encouraged.

Extension contact was significant at 5 percent and positively related to
technical efficiency. This is in accordance with a priori expectation and to
the reports from Kalirajan and Flinn (1983), Onyenweaku, Igwe and
Mbanasor (2004), Onyenweaku and Effiong (2005), and Onyenweaku and
Ohajianya (2007). According to Onyenweaku and Ohajianya (2007),
extension contact leads to a more efficient transmission of information to
farmers which enhances the adoption of innovations. |t is hoped that
interactions with extension system would help the farmer to receive and
synthesise new information on economic activities in his locality and even
beyond.

Access to credit was significant at 5 percent and positively related to
technical efficiency. This is consistent with @ priori expectation and the
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report from Nwaru (2004) who explained that it could be deduced that credit
enabled the farmers to hire more labour and that, ceteris paribus, the input
of credit would lead to significant shifts in which farmers can afford more
purchased inputs. Krause et al. (1990) and Immink and Alarcon (1993)
noted that lack of access to credit prohibits smallholder farmers from
assuming risks of financial leverage associated with the adoption of new
technology. Access to credit offers liquidity and adoption of new technology
was also found to be sensitive to the amount of equity capital (Krause et al.,
1990). The implication is that policies and programmes for making key into
optimal use of available credit facilities in the economy should be put in
place.

Distribution of technical efficiency

The frequency distributions of the farm level technical efficiency indices of
the inland valley rice farmers are presented in Table 4. Individual technical
efficiency indices range

Table 4: Distribution of technical efficiency indices
Technical efficiency Frequency fReIatlve
requency

0.01-0.20 1 1.67
0.21-0.40 11 18.33

0.41 -0.60 27 45.00
0.61-0.80 12 20.00

0.81 -1.00 9 15.00

Total 60 100.00

Maximum technical efficiency 0.9991
Minimum technical efficiency  0.1681
Mean technical efficiency 0.5718
Source: Computed from Frontier 4.1 MLE/ survey data, 2008

From 0.1681 to 0.9991 for the rice farmers with a mean of 0.5781. About 48
percent of the inland valley rice farmers have an efficiency index of above
0.60 or 60 percent. The result shows that none of the farmers achieved
optimum efficiency. The level of technical efficiency obtained in this study
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suggests that ample opportunities exist for the farmers attain optimality in
the efficiency of their farm operations. This would lead to increased
productivity and income through increased efficiency in resource
employment in their farm operations.

Conclusion and Recommendations

This study was designed to assess the technical efficiency of inland valley
rice production in Abia State of Nigeria. Results of this study revealed that
farm level technical efficiency in rice production ranges from 0.1681 to
0.9991 with a mean of 0.5781. The estimated farm level technical efficiency
indices suggest that opportunities exist for the farmers to increase their
efficiency and hence, productivity and income. The significant determinants
of technical efficiency were age of the farmer, years of education, years of
farming experience, extension contact, farm size and access to credit. All the
factors were positively related to technical efficiency except age. This
implies that increase in the values of these variables would increase the
technical efficiency of the rice farmers. These results call for policies and
programmes aimed at improving access to education, farm land, extension
contact and credit. In this regard, policies encouraging greater investments
in education as well as technology transfer; establishing sustainable micro-
credit schemes and increasing farmers’ scale of operation through improved
access to production inputs like land should be put in place. Specifically, the
agricultural extension system should be strengthened to provide farmers
with the informal training they require for enhancing their knowledge and
understanding innovations for improved efficiency and productivity. Also,
the Bank of Agriculture and other allied institutions should be strengthened
to provide farmers with credit needed for on-farm investments.



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
References
Aigner, D. J., Lovell, C. A. K. and Schmidt, P. (1977) “Formulation and
Estimation of stochastic Frontier Models”, Journal of Econometrics,
Vol. 1, No. 1, pp21-37

Ali, M. and Flinn, J. C. (1989) “profit efficiency among Basmati Rice Rice
Producers in Pakistan Punjah”, American Journal of Agricultural
Economics, Vol 71, Pp 303-310

Andersen, P.P. (1993) “Socio-economic and Policy Considerations for
Sustainable Development, in Jitendra, P.S. and A. Harod (eds.),
Agriculture and Environmental Issues.Proceeding of the 13™"
Agricultural Symposium P 36.

Andriesse, W. (1986) “Area and Distribution” in Juo, A.S.R and J.A. Lowe
(eds), The Wetlands and Rice in Sub-Sahara Africa. Ibadan:
International Institute for Tropical Agriculture. Pp 15-30.

Bravo-Ureta, B. E. and Evenson, R. E. (1994) “Efficiency in Agricultural
Production: The Case of Peasant Farmers in Eastern Paraguay’,
Agricultural Economics, Vol. 10, No. 1, Pp270-237

Carsky, R.J. (1992) “Rice-Based Production in Inland Valleys of West
Africa: Research Review and Recommendations”. Resource and
Crop Management MonographNo. 8 Ibadan: International Institute
for Tropical Agriculture. Pp 1-3.

Carsky R. J. and Masajo, T. M. (1992) “Effects of Toposequence Position
on Performance of Rice Varieties in Inland Valleys of West Africa”,
Resource and crop management Monograph No. 9, Pp 1-6, Ibadan:
International Institute for Tropical Agriculture.

Cobley, L.S. (1976) An Introduction to the Botany of Tropical Crops.
England: Longman Group Ltd. Pp 16-32

@



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
Coelli, T. J. (1996) A Guide to Frontier Version 4.1: A Computer
Programme for Stochastic Frontier production and Cost Function
Estimation. Department of Econometrics, University of New
England, Armidale, Australia.

Farrel, M.J. (1957) “The Measurement of Production Efficiency.” Journal
of Royal Statistics Society, Vol. 120: 258-281.

Food and Agricultural Organization (2003) Rice Environments. FAO, Rome.

Idiong, I. C. (2006) “Evaluation of Technical Allocative and Economic
Efficiencies in Rice Production Systems in Cross River State,
Nigeria”, Ph.D Dissertation, Department of Agricultural Economics,
Michael Okpara University of Agriculture, Umudike, Nigeria.

Ilheke, O. R. (2006) “Gender and Resource Use Efficiency in Rice
Production Systems in Abia State of Nigeria”, M. Sc. Thesis,
Department of Agricultural Economics, Michael Okpara University
of Agriculture, Umudike, Nigeria.

Iheke, O. R. and Nwaru, J. C. (2008) “Technical and allocative efficiency
and returns to scale of men and women rice farmers in Abia State,
Nigeria”, Journal of the science of Agriculture, Food Technology
and the Environment, Vol. 8: 22-30

IITA (1988) Strategic Plan 1989-2002, Ibadan International Institute of
Tropical Agriculture.

Immink, M. D. C. and Alarcon, J. A. (1993) “Household Income, Food
Availability, and Commercial Crop Production by Smallholder
Farmers in the Western Highlands of Guatemala”, Economic
Development and Cultural Change, 41, Pp. 319-342.

Jaja, J. S.; Chukwuigwe, E. C. and Ekine, D. 1. (1998) “Stimulating
Sustainable Agricultural Development through Youth Mobilization



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
Schemes: The case of the school-to-Land Programme in Rivers
State, Nigeria” Sustainable Agricultural Investment in Nigeria,
Nwosu A.C. and J.A. Mbanasor (eds), Proceedings of the 13"
Annual Conference of Farm Management Association of Nigeria,
Alphabeth Nigeria Publishers, Owerri, Pp. 294 — 301.

Kalirajan, K. (1981) “An economic Analysis of Yield variability in Paddy
production”, Canadian Journal of Agricultural Economics, Vol.
29(3), Pp. 287-294

Kalirajan, K. and Flinn, J. C. (1983) “The Measurement of farm Specific
technical Efficiency”, Pakistan Journal of Applied Economics, Vol.
2, No. 2, Pp 167-180

Krause, M. A., Deuson, R. R., T. G. Baker, Preckel, P. V., Lowenberg-
DeBoer, J, Reddy, K. C and Maliki, K. (1990) “Risk-Sharing Versus
Low-cost Credit Systems for International Development”. American
Journal of Economics, 72, Pp911-922

Meeusen, N. and van den Broeck, J. (1977) “Efficiency Estimation from
Cobb-Douglas Production Function with Composite Error”,
International Economic Review, Vol. 18( 2), Pp 123 — 134.

Nwaru, J. C. (1993) “Relative Production Efficiency of Cooperative and
Non-Cooperative Farms in Imo State, Nigeria”, M.Sc. Thesis,
Federal University of Technology, Owerri, Nigeria.

Nwaru, J. C. (2001) “Stimulating Entrepreneurship in Nigerian Farms
through Sustainable Agricultural Extension System” Privatization
and Commercialization of Agricultural Extension Services Delivery
in Nigeria: Prospects and Problems, Olowu, T.A. (ed.), Proceedings
of the 7" Annual Conference of the Agricultural Extension Society
of Nigeria, 19" — 22" August, Pp 19 — 27, Agricultural Extension
society of Nigeria.

(D)



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
Nwaru, J. C. (2003) “Gender and Relative Production Efficiency in Food
Crop Farming in Abia State of Nigeria” The Nigerian Agricultural
Journal, Vol. 34 Pp 1-10.

Nwaru, J. C. (2004) “Rural Credit Markets and Resource Use in Arable
Crop Production in Imo of Nigeria” Ph. D. Dissertation, Michael
Okpara University of Agriculture, Umudike, Nigeria.

Obasi, P. C. (1991) “Resource Use Efficiency in food crop production: A
Case Study of the Owerri Agricultural Zone of Imo State, Nigeria”,
M.Sc Thesis, University of Ibadan, Ibadan, Nigeria.

Ohajianya, D. O and Onyenweaku, C. E. (2001) “Gender and Relative
Efficiency in Rice Production Systems in Ebonyi State, Nigeria: A
Profit function Analysis,” Journal of Sustainable Agriculture and
Environment, Vol 3 (2) Pp 384-392.

0Ojo, S. O. and Ajibefun , A. A. (2000) Effects of Training on Labour
Productivity and Efficiency in Oil Palm Production in Ondo State,
Nigeria, Journal of Sustainable Agriculture and Environment, Vol.
2(2): 275 - 279.

Okoye, B. C. and Onyenweaku ,C. E. (2007) “Economic Efficiency of
Small-Holder Cocoyam Farmers in Anambara State, Nigeria: A

Translog Stochastic Frontier Cost Function Approach”, Medwell
Agricultural Journal Vol. 2 (4), Pp 535-541

Olayide, S. O. and Heady, E. O. (1982), Introduction to Agricultural
Economics, University Press, Ibadan, Nigeria.

Olomola, A. (1988) “Agricultural credit and Production Efficiency” NISER
Monograph series No. 4, Ibadan: Nigerian Institute of Social and
economic Research



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
Onu, J. K., Amaza, P. S. and Okumadewa, F. Y. (2000), “Determinants of
Cotton Production and Economic Efficiency”, African Journal of
Business and Economic research 1 (1) Pp 234-240.

Onyenweaku, C. E. and Effiong, E. O. (2005) “technical Efficiency in Pig
Production in Akwa Ibom State Nigeria”, Journal of Sustainable
Tropical Agricultural Research, Vol 6, Pp 51-57

Onyenweaku, C. E. and Nwaru, J. C. (2005) “Application of Stochastic
Frontier Production Function to the Measurement of Technical
Efficiency in Food Production in Imo State, Nigeria”, Nigerian
Agricultural Journal, Vol. 36, Pp1-12

Onyenweaku, C. E. and Okoye, B. C. (2007) Technical Efficiency of Small-
holder Cocoyam Farmers in Anambara State, Nigeria: A Stochastic
Frontier Production Function approach”, International Journal of
Agriculture and Rural Development, Vol. 9, Nol, Pp 1-6

Onyenweaku, C. E. and Ohajianya, D. O. (2007) “Technical Efficiency of
Rice Farmers in South Eastern Nigeria”, Indian Journal of
Economics, Vol. LXXXVII, Pp 51-60

Onyenweaku, C. E., Igwe, K. C. and Mbanasor, J. A. (2004) “Application of
stochastic Frontier Production Function to the Measurement of
Technical Efficiency in Yam Productionn In Nassarawa State,
Nigeria”, Journal of Sustainable Tropical Agricultural Research,
Vol. 3

Tantawi, B. A. (2002) Rice-Based Production Systems for Food Security
and Poverty Alleviation: Challenges and Technical Opportunities,
Agricultural Research Centre Egypt.

Upton, M. (1997), The Economics of Tropical Farming Systems,
Cambridge: University Press, Cambridge.

@



International Journal Of Agricultural Economics, Management and Development (IJAEMD)
West Africa Rice Development Association (1999) Annual Report, Buoake,
Cote d’Ivoire. Pp 43-60.

West Africa Rice Development Association (2002) News Release, Buoake,
Cote d’Ivoire, May.

West Africa Rice Development Association (2003) Strategic Plan 2003-
2012,Buoake, Cote d’Ivoire.

World Bank (1998) Agriculture and the Environment: Perspective for
Sustainable Rural Development, Ernst Lutz (ed.), John Hopkins
University Press for the World Bank

Yotopoulus, P. A. and Lau, L. J. (1973) “Test of Relative Economic
Efficiency: Some Further Results”, Journal of Economic Review 63
(1) Pp 94-109, 214-223.



