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ABSTRACT 
 

A stochastic frontier production function which incorporated a model for the technical inefficiency 
effects was used to investigate the technical efficiency of upland farms in Ivo Local Government 
Area of Ebonyi State, Nigeria. Farm level and farmers’ socio economic characteristics data were 
obtained using structured questionnaire from 120 farmers that were selected using multi stage 
random sampling technique. The parameters of the stochastic frontier production function were 
estimated simultaneously with those of the model of inefficiency effects. Results indicated, except 
for capital, all other factors were significant (P<0.10). Findings further revealed that none of the 
sampled cocoyam farms reached the frontier threshold. 
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1. INTRODUCTION  
 
Rice is among the emerging staple and 
commercial crops grown in many countries of 
Africa. The steady increase in the demand and 
growing importance is evident given its’ important 
place in the strategic food security planning 
policies of many countries [1,2]. In Nigeria and 
many West Africa countries, the increasing 
demand for rice could be attributed to rising per 
caput consumption, increased per capital 
income, rapid population growth, changes in the 
tastes and diet of Nigerians to the growing 
appetite for rice, the ease at which rice can be 
preserved and served for the table and as well as 
positive high income elasticity of demand [3].  
 
A decade ago, rice rank fourth in return per 
labour among the staple crops grown in Nigeria 
[4,5]. On the other hand, rice has an estimated 
annual output of 1,779,000mt which accounts for 
about 40.8% and 0.6% of total West Africa and 
world output of rice respectively [6]. The crop is 
ranked second among cereal crops grown in the 
country [7]. 
 
Although, the crop is growing rapidly in demand, 
available statistics revealed that Nigeria is a net 
importer of rice and this situation will persist, 
unless domestic production improves 
significantly. A case in point, rice production in 
Nigeria as opined by Amaza and Olayemi [8], 
Erenstein [9] between 2001 -2003 was 
2.03million mega grams, while consumption was 
3.96 million mega grams. The insufficient 
domestic productions had to be complemented 
with enormous imports in both quantity and 
values at various time to the detriment of the 
nation’s meagre resources [10,11]. According to 
Onyishi and Vaughan [12] Nigeria is the largest 
importer of rice, spending over US$300 million 
annually in rice imports alone.   However, 
improving the domestic production is feasible, 
considering her numerous rice ecologies and 
successive government policies and 
programmes on attainment of self-sufficiency in 
rice production [13,14]. 
 
Despite, the incontestable growing importance of 
rice in Nigeria, research in rice, particularly 
upland type is still very scanty. Upland rice, 
although has low yield, but accounted for 
important part of rice agricultural land (11% of 
the world area of rice of 14 million hectare) and 
major share of rural poverty alleviation especially 
among poor resource farmers of the countries of 
Africa and Asia [9]. In Nigeria, 25% of 4.6 -4.9 

million hectares of paddy is devoted to upland 
rice cultivation [5]. Nevertheless, research shows 
that upland rice potential yield in sub Saharan 
Africa is 5 metric tonnes per hectare with use of 
fertilizer but on farmers’ field, 1.6 -2.4 metric 
tonnes hectare is obtained [12,15]. The above 
depict for big potentials for increased output. 
However, one of the biggest challenges is limited 
knowledge on the cause of this gap. This study 
therefore, aimed at analysing the sources of 
inefficiency in rice production so as to fill the 
identified gap, as inefficiency of resource use 
and utilization in farming can seriously hamper or 
jeopardize the production and availability of this 
staple food. Also, efficiency is an important factor 
in attainment of high productivity especially in an 
economy where resources are scarce and 
opportunities for new technologies are lacking. In 
addition, inefficiency studies would guide 
researchers and policy designers to raise 
productivity through improving efficiency without 
increasing the resource base or developing new 
technology. More so, estimation of technical 
efficiency result would assist farmers in making 
production decisions and ensure optimal 
productivity of input to maximize output.  
Efficiency study would enable farmers, 
government and scholars to test the presence of 
and measures the level of efficiency in 
production, thus, making theory to come close to 
real life situation [16,17]. 
 

1.1 Empirical Review of Stochastic 
Frontier Models and Theoretical 
Framework 

 
Stochastic Production functions have been 
widely applied in agricultural management and 
production analysis. The first application [18] of 
the stochastic frontier model to farm level 
agricultural data was presented by Battese and 
Battese [19]. Data from 1973-74 Australian 
Grazing Industry Survey were used to estimate 
deterministic and stochastic Cobb-Douglas 
sheep production frontiers for the pastoral zone 
of Eastern Australia. It was concluded in this 
work that the stochastic frontier production 
functions were significantly different from their 
corresponding deterministic frontiers. As 
asserted by Akande [20]  membership of 
cooperative, access to credit, farming experience 
and educational level to be positively related to 
technical efficiency of National Fadama iii facility 
in arable farmers in Imo State using a tran slog 
stochastic frontier production function, Daramola 
[21] examined the technical efficiency of pig 
farmers in Imo State during 2007. The 
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parameters of the frontier were estimated using 
the Maximum likelihood method. Based on the 
results of empirical analysis, the individual 
efficiencies ranged from 0.23 to 0.78 with mean 
technical efficiency of 0.59. 
 
Akande [20] studied the technical efficiency of 
Hausa potato (Solesnostemon roundifolius poir) 
production in southern Kaduna state, Nigeria. 
They analyzed primary data generated from a 
sample of 60 farmers by stochastic frontier 
modeling using maximum likelihood estimation. 
Results of the analysis show that material input, 
labour and wage rate affected the output of 
Hausa potato. The spread of technical efficiency 
indices was large with the best farm having 0.12 
and the worst farm having 0.9 and the mean 
being 55. They observed that improve 
technology could be applied to improve current 
resource endowment to boast Hausa potato 
output. Omoruyi et al. [22], WARDA [23] 
analyzed resourced use efficiency among dry 
season vegetable gardeners in Enugu urban 
Enugu State. 120 farmers were fitted in 
stochastic frontier production function approach. 
Result indicated that the range in the technical 
efficiencies were from 68.01 to 98.64 with mean 
of 83.4. They also estimated the following factors 
as determinants to dry season vegetable in the 
study area to include, level of education and 
household size. 
 
Omoruyi et al. [22] applied stochastic production 
frontier model in estimating a production frontier 
for the upland rice farmers across gender in 
Anambra agricultural zone of Anambra State. 
Data from 120 sample farmers were used in the 
empirical analysis, 60 males and 60 females. 
The result showed that only level of education 
and access to credit were found to be positive 
and significant at 1% between the two farmers 
groups. The mean economic efficiencies for the 
male and female farmers were 0.65 and 0.61 
respectively, indicating wide range of 
opportunities for improvement of upland rice 
farmers which could be through the use of 
improved production inputs. 
 
Iheke [24], Nwilene et al. [25], Ogbodo [26] 
studied the relative economic efficiency among 
gender cassava farmers in Anambra State of 
Nigeria. Primary data generated from 120 
sample farmers (60 males and 60 females) was 
analyzed by stochastic frontier modeling using 
maximum likelihood estimation. The result shows 
that educational level and membership of 
cooperative were positive and significant in the 

same farmer groups. More so, among the male 
group, the best practicing farmer having 0.78 and 
the worst farmer having 0.56 with mean 
efficiency of 0.65. The female group had best 
practicing farmer and worst farmer having 0.72 
and 0.52 respectively with mean of 0.62.         
 
Ajibefun and Ajibefun [27] studied the technical 
efficiency in food crop production in Gombe 
State, Nigeria. They analysed primary data 
generated from a sample of 123 food crop 
farmers by stochastic frontier modeling using 
maximum likelihood estimation. Results of this 
analysis revealed that family labour, hired labour 
and material inputs were the major factors that 
affected the output of food crops. The distribution 
of technical efficiency indices revealed that the 
current state of technology used by the sample 
farmers was inferior. The spread of technical 
efficiency indices was large with the best farm 
having 0.89 and the worst farm having 0.13 and 
the mean being 0.69. Although they did not 
examine the factors responsible for this wide 
variation, these scholars observed that a superior 
technology is needed, this could be applied to 
the current resources endowment to enhance 
food crop output. This would involve the use of 
improved seeds and the application of agro-
chemicals in food crop production. Also, the 
excess and hence inefficient use of family labour 
could be reduced through the creation of 
alternative use of family labour could be reduced 
through the creation of alternative employment 
opportunities in the study area. This will tend to 
absorb excess family labour and hence enhance 
efficiency in food crop production, having 0.72 
and 0.52 respectively with mean of 0.62.  
 
The term efficiency of a firm can be defined as its 
ability to produce the largest possible quantity of 
output from a given set of inputs. The                
modern theory of efficiency dates back to the 
pioneering work of [28] who proposed that the 
efficiency of a firm has two components namely: 
technical and allocative efficiency and the 
combination of these two components provide a 
measure of total economic efficiency (overall 
efficiency). Technical efficiency is the ability to 
produce a given level of output with a minimum 
quantity of inputs. It is be measured either as 
input conserving oriented technical efficiency or 
output-expanding oriented technical efficiency 
[19,29,30]. Measurement of farm efficiency via 
frontier approach has been widely utilized and 
studied. The term frontier involves the               
concept of maximality in which the function sets 
a limit to the range of possible observations              
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[29,31,32]. The observation of points below the 
production frontier for firms producing below the 
maximum possible output can occur, but there 
cannot be any point above the production     
frontier given the available technology. 
Deviations from the frontier are attributed to 
inefficiency. Frontier studies are however 
classified according to the method of estimation.  
Farrell [33] grouped these methods into two 
broad categories – parametric and 
nonparametric methods. The parametric method 
can be deterministic, programming and 
stochastic depending on the specification of the 
frontier model. Many researchers including 
Ashraf [34] have argued that an efficiency 
measure from deterministic model is affected by 
statistical noise. However, this led to the 
alternative methodology involving the use of the 
stochastic production frontier models. 
 
The major feature of the stochastic production 
frontier is that the disturbance term is a 
composite error which consist of two 
components; one symmetric and one-side 
component. The symmetric component, Vi, 
captures the random effects due to measurement 
error, statistical noise and other influences,     
and it is assumed to be normally distributed. The 
one-sided component Ui, captures randomness 
under the control of the firm. It gives the 
deviation from the frontier which is attributed to 
inefficiency. It is assumed to be either half-
normally distributed or exponentially distributed. 
By definition, stochastic frontier production 
function is Yi =F (Xi; ß ) exp (Vi – Ui) i = 1,2, ., N 
(1) where Yi is the output of the ith firm;  Xi is the 
corresponding (MX2) vector of inputs; ß is a 
vector of unknown parameter to be estimated; 
F(.) denotes an appropriate form, Vi is the 
symmetric error component that accounts for 
random effects and exogenous shock; while Ui = 
0 is a one sided error component that measures 
technical inefficiency. 
 

2. METHODOLOGY 
 
The research project l covered Ivo Local 
Government Area (LGA) of Ebonyi State, 
Nigeria. Itis located between latitude 5º561 and 
6

0
59

1
N of equator and Longitude 7º35

1
 and 7º4E 

of Greewich Meridian. It covers an area of 3506 
km

2
 with population of 220,919 people (31).  It 

has rainfall range of 1500-2500mm, temperature 
range of 28-45ºC and moderate relative humidity 
of 65%.  It comprises of five (5) autonomous 
communities and many villages. Ivo Local 
Government Area is bounded in the North by 

Ohaozara, Aninri and Awgu Local Government 
Areas, in the south by Bende and Afikpo South 
Local Government Areas, in the East by Onicha 
Local Government Area and in the West by 
Umunneochi and Isuikwuato Local Government 
Areas of Abia State. The people in the LGA are 
mainly agrarians and still engage in other 
economic activities such as hunting, vulcanizing, 
mechanic, petty trading and barbing. Data for this 
study were collected from primary and secondary 
sources. A total of 120 rice farmers were 
randomly sampled from six communities where 
rice cultivation is intensive. Baseline information 
on farmers’ socio-economic characteristics such 
as age, gender, marital status, farming 
experience, level of schooling, household size, 
farm size and membership of organization were 
captured.  Also, data on farm inputs (such as 
land, labour inorganic fertilizer, planting materials 
and capital) used and output levels were 
collected and analysed. 
 

2.1 Model Specification 
 
In this study, the Cobb Douglas technical 
efficiency as used by Battese and Coelli [18] 
which builds hypothesized efficiency 
determinants into the inefficiency error 
component such that one could identify the focal 
point for action to bring efficiency to higher levels 
was used. The explicit form of the empirical 
stochastic frontier production function model was 
specified as follows:  
 

lnYj =β0 + β1lnX1 +β 2lnX2 + β3lnX3 + β4lnX4 + 
β5lnX5 + Vi – Ui                                                                    (1) 

 
Where y = gross income in arable crop 
production per farmer, X1 = planting materials 
(kg); X2 = fertilizer use (kg); X3 = Labour                    
input (mandays); X4 = Farm size (ha);                         
X5 = depreciation in capital inputs (in naira);               
Vi = random error and Ui = technical inefficiency. 
In addition, Ui is assumed in this study to          
follow a half normal distribution as is                     
done in most applied frontier production 
literature.  
 

Where: Ui = б0 + б1z1 + б2z2 + б3z3 + б4z4 + 
б5z5 + б6z6 + б7z7 + б8z8 + б9z9                   (2)  

 
Where  
 

Ui = technical inefficiency of the ith famer, z1 = 
age of the farmer (yrs),  

z2 =  level of education (yrs), z3 = household 
size (No), z4 = farming experience (yrs), 
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z5 = farm size (ha), z6 = extension 
contact (No), z7 = credit access,      

z8 =  membership of organization (No), z9 = 
marital status (dummy),   

б0 =  constant, б1 – б7 = coefficients to be 
estimated. 

 
3. RESULTS AND DISCUSSION  
 
The model specified was estimated by the 
maximum likelihood (ML) method using frontier 
4.1 software developed by Biswas and 
Choudhuri [29]. The ML estimates and 
inefficiency determinants of the specified frontier 
are presented in Table 1. The total variance was 
0.86 and statistically significant at 1% probability 
level. The implication is goodness of fit of the 
model and the correctness of the specified 
distribution assumption of the composite error 
term.  The variance ratio (T) was 7746 which was 
significantly different from zero, which showed 
that the farm specific variability contributed about 
74.46% variation in yield among the 
respondents. This meant that about 74.46% of 
the differences between the observed and 
maximum production frontier output were due to 
differences in farmers’ level of technical 
inefficiency and not related to random variability.  
These factors are under the control of the          
farmer and the influence of which can be 

reduced to enhance technical efficiency of rice 
farmers. 
 

The relative importance of resource inputs is 
revealed in the production function estimate. The 
coefficients of labour, farm size, seed and 
fertilizer were positively signed, except the 
coefficients of depreciation of capital in line with 
apriori expectation. Labour appears to be the 
most important factor of production with an 
elasticity of 4.141. This shows the labour 
intensive nature of arable crop cultivation in most 
developing countries where many farming 
activities are not mechanized. There is need to 
employ energetic, able-bodied and active youth 
that are not only enterprising but would supply 
the much needed farm labour in the farm 
enterprises to curtail minimally the problem of 
urban drift [35,36]. 
 

Farm size is the second most important factor, 
with an elasticity of 1.904. Anyanwu [37], Idiong 
[38], Onyenweaku et al. [39] reported that farm 
size played an important role in farm success 
because it reflects the availability of capital, 
access to credit and even good management 
ability. However, the need for urgent land 
reforms policies and programmes that would give 
farmers access to more land holdings for 
increasing agricultural production should be 
enacted. 
 

Table 1. Maximum likelihood estimation of Cobb Douglas stochastic production function 
 

Variable Parameters Coefficient Standard error t. value 
Production factors     
Constant term βo 22.444 3.377 6.646*** 
Farm size Β1 1.904 0.327 5.823*** 
Seed Β2 0.464 0.147 3.156*** 
Labour input Β3 4.141 0.622 6.658*** 
Fertilizer Β4 0.166 0.125 1.328* 
Depreciation Β5 -0.209 0.116 -1.802* 
Efficiency factor     
Constant Zo 7.667 2.451 3.128*** 
Age Z1 -0.006 0.003 -2.000** 
Educational level Z2 4.222 0.641 6.587*** 
Farming experience Z3 4.633 2.320 1.997* 
Extension visit Z4 0.084 0.021 4.000*** 
Access to credit Z5 -1.184 0.421 -2.812*** 
Membership of organisation Z6 2.782 1.621 1.716* 
Household size Z7 0.531 1.721 0.309 
Diagnostic statistic 
Total variance  ∂ =0.86 
Variance ratio  Υ= 7746  
Log likelihood ratio = 30.551 
Log likelihood function =167.445 

    

Source: Field Survey, 2015, *** = indicating 1% probability level, **indicating 5% probability level 
*indicating 10% probability level, LL Test Log likelihood test 
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This followed by seed and inorganic fertilizer with 
elasticity of 0.464 and 0.166 respectively. 
Fertilizer according to Akande [20] is an 
important determinant of agricultural productivity 
as it has the capacity to shift production upwards, 
especially when applied in the right proportion.  
Coelli [4], Onyenweaku et al. [2] cited high cost 
of fertilizer at farm level as a limiting factor to its 
use by most poor resourced farmers at farm 
level. 
 
The non-significant of capital resource coefficient 
explains the labour intensive nature of small 
scale rice production in the study area. This 
finding concur with the work of Onyenweaku and 
Agwu [40], Semon et al. [41] on cocoyam farms 
in Akwa Ibom state, Nigeria. 
 
The result of analysis of the determinant of 
technical inefficiency as presented in Table 1 
revealed the coefficients of age and credit had 
negative signs which indicate technical 
inefficiency and significant at 5% and 10 % 
respectively.  The technical inefficiency of age of 
the farmers can be can be reduced by employing 
young people in the farm, while that of credit 
could be abridged by increasing farmers’ access 
to credit, avoid possible diversion of the resource 
to nonfarm uses and avoid over-application / use 
of the resource [42,43,12]. The technical 
inefficiency of age is comparable to the finding of 
Aigner et al. [16] who posited that technical 
efficiency decreases with increasing age, since 
an ageing farmer would be less energetic to work 
in the farm. The negative sign of the coefficient of 
credit concurred with the finding [20] but differs 
with [44,12] on economics of cocoyam 
production in South East Nigeria. Credit 
facilitates adoption of innovations in farming, 
encourages capital formulation and marketing 
efficiency [3]. However, the coefficients of the 
other variables considered in the model were 
positive and by implication had technical efficient 
effects on upland rice production in the study 
area. These variables are discussed herein. 
 
In line with apriori expectations, the coefficients 
of education, farming experience and 
membership of farmers’ organisation were 
positively signed but statistically significant at 
different levels of probability.  This agreed with 
the finding of IRRI [7], Onyenweaku et  al. [2], 
who opined that  education increases productivity 
and enhances farmers’ ability to understand and 
evaluate new production techniques. Therefore, 
policies for ensuring education attainment 
amongst farm households through enhanced 

formal and informal educational programmes 
would impact positively to farmers’ efficiency and 
therefore should be encouraged. Furthermore, 
the level of farming experience one acquired in a 
particular occupation, as reported by Omoruyi et 
al. [22], [45] could contribute significantly to 
his/her level of managerial ability and decisions 
in farm operations. These subsequently results in 
high level of competence in utilization of 
resources for optimal productivity. Nevertheless, 
the positive relationship between farming 
experience and technical efficiency as posited in 
Table 2 was in line with classical economic 
theory which recognized that specialization is a 
key determinant of efficiency [46,47]. However, 
this result disagreed with the finding from [25], 
who explained that experience correlates with 
age, which would always be associated with 
reduced energy and optimism necessary in 
farming. 
 
As expected the coefficient of Membership of 
organisation had direct relationship with technical 
efficiency and significant at 10% alpha level.   
[48,49,25] opined cooperative facilitates 
members’ access to information on improved 
innovations, material inputs of the technology 
(fertilizer and chemicals), credit for payment of 
labour, capacity building and training. Several 
studies [20,12] made similar conclusions. 
Conversely, Social organisation had a negative 
correlation with smallholder Technical efficiency. 
Social       groups are known to be sources of 
rotational farm labour and credit among 
smallholder farm households [50,51,52] which 
may lead to over-employment of farm labour. 
Participation in many social groups may also 
commit more of the farm household’s time to the 
extent that supervision of farm activities is 
reduced, thus making use of farm inputs less 
efficient. Alternatively, participation in many 
social groups may overload the farmer with 
agricultural information that making decision with 
regards to input use is adversely affected. 
   
The wide technical efficiency indices differentials 
among the farmers  as revealed in Table 2 is an 
indication that the farmer has of a substantial 
potentials to enhance their efficiency. To become 
the most efficient farmer, an average rice farmer 
require, 48.42% (1-0.54/0.95)100 cost saving to 
attain the status of the most efficient rice farmer 
among the sampled best 10 category while the 
least performing farmer would need 81.05% (1-
0.23/0.95)

100
 to become the most efficient rice 

farmer among the worst sampled farmer. 
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Table 2. Frequency distribution of technical efficiency index 
 

Technical efficiency index Frequency Percentage 
0.21 – 0.30 4 3.3% 
0.31 – 0.40 10 8.3% 
0.41 – 0.50 11 9.2% 
0.51 – 0.60 20 16.7% 
0.61 – 0.70 25 20.8% 
0.71 – 0.80 40 33.3% 
0.81 – 0.90  10  8.3% 
Maximum technical efficiency = 0.95% 
Minimum technical efficiency = 0.23% 
Mean technical efficiency = 0.54% 
Mean of best 10 = 48.42% 
Mean of worst 10 = 81.05% 

Source: Field Survey, 2015 

 
The sum of production elasticity (return to scale) 
has a coefficient of 1.184, deducing that the 
farmers are in stage III of production phase as 
indicated in Table 3.  This is necessitated by the 
high and negative coefficient of capital.  
Therefore, the rice farmers in Ivo L.G.A. were 
either under or over-utilizing their labour and 
other factor inputs, hence did not attained 
optimum allocative and technical efficiencies. 
 
Table 3. Elasticity and return to scale for rice 

production 
 

Inputs Elasticity 
Farm size 1.904 
Seed 0.464 
Labour input 4.41 
Fertilizer 0.166 
Depreciation -0.209 
Return to scale 1.184 

Source: Field Survey, 2015 

 

4. CONCLUSION AND RECOMMENDA-
TIONS 

 
The major conclusions deduced from the study 
were; upland rice farmers were 46% inefficient in 
their resource use as they were 54% efficient. 
This implied a wide variation below their 
production frontiers and this suggested existence 
of opportunities for increasing productivity and 
income through improved efficiency in resource 
use. Important factors directly related to technical 
efficiency were level of education, farming 
experience, extension visit and membership of 
cooperative. More so, although upland rice was a 
profitable venture but its production was limited 
by factors, included; poor access to credit, high 
labour cost and high cost of pesticide. 
 

Based on the result obtained from the study, the 
following recommendations were proffered in 
order to increase the efficiency of upland rice 
farmers' production in the study area.  
 

1. Policy that encourages the formation of 
cooperative societies should be 
encouraged. This is due to the importance 
of cooperatives in capacity building, 
acquisition of credit and procurement of 
production inputs at low cost.  

2. Since upland rice farmers years of 
experience was found to have significant 
and positive influence on technical 
efficiency, therefore policies that would 
ease novice farmer  access to productive 
input should be encourage. 

3. The positive influence of fertilizer on yield 
of crops had been noted. In this direction, 
increased subsidy policy should be 
imposed on fertilizer not only to ensure the 
availability of this input but its affordability 
by resourced poor farmers at farm level.  

4. The study revealed that size of farm 
holding was positive and significantly 
influences farmers' technical efficiency. 
Therefore , programme policy that would 
enforce land use act of 1990 which 
encourages land acquisition by farmers is 
advocated.  

5. Farmers' access to credit should be 
encouraged through micro finance bank 
and commercial banks at reduced interest 
rate. 

6. Labour saving device such as hand driven 
plough should be developed and 
disseminated to genuine farmers at 
subsidized price. 

  

 



 
 
 
 

Ume et al.; ARJASS, 7(2): 1-10, 2018; Article no.ARJASS.27426 
 
 

 
8 
 

ACKNOWLEDGEMENT  
 
I wish to appreciate our computer analysis for the 
job well done. My thanks go to the management 
of Federal College of Agriculture Ishiagu, Ebonyi 
State, Nigeria for their moral advice and for 
making available some materials from the school 
library for the study. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Anyanwu CP, Alayande BA. Poverty in 

Nigeria: Gebder dimension, access to 
social services and labour market issues. 
Interim Report submitted to the African 
Economic Research consortium, Nairobi; 
1999. 

2. Onyenweaku CE, Okoye BC, Okorie KC.   
Determinants of fertilizer adoption by rice 
farmers in Bende Local Government Area 
of Abia State, Nigeria, Munich personal 
Repec Archive paper 26116, University 
Library of Munich; 2007. 

3. Meeusen W, Van den Broeck J. Efficiency 
estimation from Cobb. Douglas Production 
Functions with Composed error.  
International Economics. 1977;18:435-444. 

4. Coelli TJ. The importance of rice growing 
region of South-central Louisiana to winter 
populations of shone birds, reptors, waders 
and other birds. Journal of Louisiana 
Ornithology. 1994;1:35-47. 

5. NPC. Post Enumeration Survey.  National 
Population Commission, Abuja, Nigeria; 
2006. 

6. FAO. FAOSTAT Statistics Division of the 
Food and Agricultural Organization Rome; 
2008. 

7. International Rice Research Institute 
(IRRI). Field problem of tropical rice. 
Manila (Philippines). 1992;172.  

8. Amaza PS, Olayemi JK.  The influence of 
Education and extension contact on food 
crop production Gombe state, Nigeria. 
Journal of Agri Business and Rural 
Development. 2000;1(i):80–92.  

9. Erenstein O. Zero tillage in the rice wheat 
systems of the indo Gangetic plains: A 
review of impacts and sustainability 
implications. International Food Policy 
Research Institute; 2009. 

10. Coelli TJ. Recent development in frontier 
modelling and efficiency measurement. 
Australia Journal of Agricultural 
Economics. 1995;39(3):219-24.  

11. Onyenweaku CE, Nwaru JC. Application of 
stochastic frontier production function to 
the measurement of technical efficiency in 
food production in Imo State, Nigeria. 
Nigeria Agricultural Journal. 2005;38(1): 
17–21. 

12. Onyishi GC, Vaughan DA. The evolving 
story of rice evolution. Plant Science. 
2010;174(4):394-408. 

13. Adigbo SO. Performance of upland rice 
fitted into lowland rice vegetable sequence 
in rainfed inland valley. Agronomy Journal. 
2007;99:377–83. 

14. FAO. Final Report and Terminal Statement 
of TCP/BGD/6613 Development and Use 
of Hybrid Rice in Bangladesh; 2002. 

15. Ume SI, Okoronkwo MO, Lori VC.  
Adoption of improved rice production 
technology by farmers in Anambra state. 
Ebonyi Technology and Vocational 
Journal. 2010;4(2):17-21. 

16. Aigner DJ, Lovelt A, Schmidt SJ.  
Formulation and estimation of    stochastic 
frontier production function model. Journal 
of Econometrics. 2000;6:21-37.  

17. Kebede Y, Gunjal K, Coffom G. Adoption 
of new Technologies in Ethiopian 
Agriculture: The case of Tegulet- Bulga 
District, Shao province. Journal f 
Agricultural Economics. 2001;4:27-43. 

18. Battese G, Coelli TJ. Frontier production 
functions, technical efficiency and panel 
data: with application to paddy farmers in 
India. Journal of Productivity Analysis. 
1992;3(1):153–169.  

19. Battese GE, Cora GS. Estimation of a 
production frontier model: With application 
to the pastoral zone of eastern Australia.  
Australian Journal of Agricultural 
Economics. 1997;21:169-179. 

20. Akande T. An overview of the Nigerian rice 
economy, monography series. Nigerian 
Institute of Social and Economic Research 
(NISER) Ibadan. 2002;11. 

21. Daramola B. Government policies and 
competitiveness of Nigerian rice economy. 
A paper presented at the workshop on 
Rice policy and food security in sub- 
Saharan Africa organized by West Africa 
rice development Association Cotonou, 
Republic of Benin, November 07-09; 2005. 

22. Omoruyi SA, Orhue UX, Akerobo AA, 
Aghimien CI. Prescribed Agricultural 



 
 
 
 

Ume et al.; ARJASS, 7(2): 1-10, 2018; Article no.ARJASS.27426 
 
 

 
9 
 

science for senior secondary schools. 
Revised edition, Idodo Umeh Publishers 
Ltd; 1999. 

23. West Africa Rice Development Association 
(WARDA). Emergency Rice Initiative 
Launched to Help Countries Severely Hit 
by Soaring Prices, 2008-6-18. 2004. 
Retrieved 2008-6-30. 

24. Iheke OR. Gender and resource use 
efficiency in rice production systems in 
Abia state, Nigeria. An unpublished M.Sc 
Thesis Department of Agricultural 
economics, Michael Okpara University of 
Agriculture, Umudike; 2006. 

25. Nwilene FE, Ajay O, Simon M. West Africa 
Rice development Association contribution 
to fadama III project. FADAMA III 
Workshop, IITA Ibadan; 2009. 

26. Ogbodo EN. Effect of crop residue on soil 
chemical properties and rice yields on an 
utisol at Abakaliki, South Eastern Nigeria. 
American Eurasian Journal of sustainable 
Agriculture. 2004;3(3):442-447. 

27. Ajibefun IA, Daramola EA. Determinants of 
Technical Efficiency and policy Implication 
in Traditional Agricultural production, 
Empirical study of Nigeria food crops 
farmers, final Report presentation at Bi- 
annual research workshop at African 
Economic Research consortium, Nairobi 
Kenya; 2004. 

28. FAO. “Hybrid Rice for Food Security” Facto 
Sheet.  Food and Agriculture Organization 
of the United Nations.  2004. Retrieved 
2009-10-19. 

29. Biswas AK, Choudhuri MA. Mechanism of 
Monocapic Senescence in Rice. Plant 
Physiology. 1991;65:340-345. 

30. Onyenweaku CE, Igwe KC, Mbanasor JA. 
Application of the stochastic frontier 
production function to the measurement of 
technical efficiency in yam production in 
Nasarawa State, Nigeria. Journal of 
sustainable Tropical Agricultural Research. 
Nigeria. 2004;13:20-25. 

31. FAO. Statistical Database, FAOSTAT 
2003). Food and Agricultural Organization. 
Rome; 2004.  

32. Jones MP. The Rice Plant and its 
Environment. West African Rice   
Development Association Cote d’Ivoire; 
1995. 

33. Farrell MJ. The measurement of productive 
efficiency Journal. Royal Statistics. 
1957;120:253-290. 

34. Ashraf M. In specialty rice of the world: 
Breeding, production and marketing, 

(Ed.R.C. Chaudhary; D.V. Tran and R. 
Duffy). Food and Agricultural organization. 
Rome Italy; 2001. 

35. Onwueme IC, Sinha ID. Field crop 
production in the tropical Africa.  CTA, the 
Netherlands. 1991;1-319. 

36. Onyebinama UAU. Farm Business 
management for small holder farm firms in 
Nigeria. Key Access and Utilization 
Descriptors for Rice Genetic Resources; 
2000. 

37. Anyanwu JC. Poverty of Nigerian rural 
women: incidence, determinants and policy 
implications. Journal. Rural. Development. 
1998;17(4):651-667. 

38. Idiong IC. Evaluation of technical, 
allocative and economic efficiencies in rice 
production systems in cross River State, 
Nigeria. Agriculture Society of Nigeria. 
2005;38(1):3-39. 

39. Onyenweaku CE, Okoye BC, Okorie KC. 
Determinants of Ferticlizer Adoption by 
Rice Farmers in Bende Local Government 
Area of Abia State, Nigeria, MPRA paper 
26116, University Library of Munich, 
Germany; 2007. 

40. Onyenweaku CE, Agwu AE. Technical 
Efficiency of Rice farmers in Nigeria: 
Implications for Agricultural Extension 
Policy; 2010. 

41. Semon M, Nielsen R, Jones MC, Couch 
SR. The population structure of African 
cultivated rice Oryza glaberrima: Evidence 
for elevated levels of linkage disequilibrium   
caused by admixture with O. sativa and 
Ecological Adaptation. Genetics. 2005;169: 
1639-1647. 

42. Akpa EC. A comparative analysis of the 
impact and technical efficiency of Fadama 
II and Non- Fadama II Arable crops 
farmers in Imo state, Nigeria. B. in 
Agriculture. Thesis Department of 
Agricultural Economics and extension, 
Abia State University, Uturu; 2007. 

43. Okike I. “Crop livestock Interactions and 
economic Efficiency of farmers in the 
savannah zones of Nigeria” Ph.D Thesis. 
Department of Agricultural Economics, 
University of Ibadan; 2000. 

44. Nwaru JC. Determinants of informal credit 
demand and supply among food crop 
farmers in Akwa Ibon State, Nigeria. 
Journal of Rural and Community 
Development. 2004;6(1):129-139. 

45. World Bank.  Indonesia: Strategy for a 
Sustained Reduction in Poverty.  The 
World Bank: Washington, D.C; 1991. 



 
 
 
 

Ume et al.; ARJASS, 7(2): 1-10, 2018; Article no.ARJASS.27426 
 
 

 
10 

 

46. Hess KW, Roberts M, Stoney SG. The 
Carolina rice kitchen. The African 
Connection University of South Carolina 
Press; 1998. 

47. Ume SI, Arene JC, Okpukpara BC. 
Adoption of improved crop production 
technology in Anambra state, Nigeria. 
Training and visit System approach “Farm 
Management Association Nigeria”. 20

th
 

annual national Conference held at Jos, 
Nigeria; 2008. 

48. Adeniyi JP. Rice industry in Kwara State of 
Nigeria. An economic analysis. 
Unpublished Ph.D Thesis University of 
Ibadan; 1998. 

49. Nwilene FE, Agunbiade TA, Togola A,  
Youm O,  Oikeh SO, Ofodile S, Falola OO. 

Efficacy of traditional practices and 
botanicals for the control of termites on rice 
at Ikeme, Nigeria. International Journal of 
Tropical Insect Science. 2004;28(1):37-44. 

50. Adigbo SO. Performance of lowland rice-
upland rice-vegetable/cowpea sequences 
as influenced by some soil properties in 
the inland valley. Nigerian Journal of 
Agriculture. 2008;39:88-100.  

51. International Rice Research Institute 
(IRRI).  Rice Almanac, 3

rd
 edition; 2002. 

52. Kumar GS, Rajarajan A, Thavaprakash N, 
Badu C, Umashankar R. Nitrogen use 
efficiency of Rice (Oryza sativa) in systems 
of cultivation with varied levels under tracer 
Technique. 2008;2:37-40. 

 

© 2018 Ume et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
  Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sciencedomain.org/review-history/26412 

 


