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Abstract: This study compared technical efficiencies of rice production in farmer-managed
irrigation(FMIS) and rainfed systems(RFS) on rice farms in Kogi State, Nigeria. Primary data were
collected from 60 farmers in each system (total =120 farmers). The stochastic frontier model was used
to determine the technical efficiency of the rice farmers in both systems. The estimated elasticities of rice
output with respect to land, fertilizer, family labour, seeds, and water were statistically significant in the
FMIS. Their respective elasticities were 0.33, 0.010, 0.075, 0.151 and 0.165. Land size and fertilizer were
statistically significant in the RFS. Elasticities of rice output with respect to land and chemical fertilizer
utilized were 0.276 and 0.024 respectively. The mean technical efficiency of the FMIS was 73% while
RFS had 90%. Significant difference existed in the technical efficiencies of the two groups. The returns
to scales estimated (0.813, and 0.476) were decreasing. Farming experience, education and extension
contacts exerted significant effects on the technical linefficiencies of the FMIS. Under the RFS education,
extension contact and age were significant. Inefficiency variables were statistically significant in the model.
Supply of inputs and organic farming practice, farm credit, mechanization and dams were recommended
for the governments’ intervention.
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INTRODUCTION

Rice, a cereal grain, is a staple crop in Nigeria.
Globally, 95% of rice crop is eaten by humans. It’s by
products such as starch, bran, hull, straw and rice
polish are used for manufacture of various household
and industrial commodities.[17,25,7]. The annual domestic
output of rice in Nigeria hovers around 3.0 million
metric tons. Kogi State produced at least 5% of the
total rice output in Nigeria[24,29,13]. Informal irrigation
systems dot round flood plains of Kogi State providing,
conducive soil or environment for lowland (fadama)
rice production in the state.

Nigerian rice supply has not kept pace with
demand (5.0 million metric tons) leaving a huge gap of
about 2 million metric tons annually filled by imports
[11,28,19]. This aggravates the fear of impending food
crisis in Nigeria. Unfortunately, there are no
comprehensive and up to date information as regards
the level of resource use efficiencies of the rice
farmers in Nigeria. The few available ones e.g.,
Ogundele and Okoruwa[21,2,17] among others were either
system based or location specific. This study therefore
sought to attain two major objectives of determining
and comparing the technical efficiencies of rice farmers

under the traditional small-scale farmer managed
irrigation systems (FMIS) and the rain-fed systems
(RFS) in the study area after which relevant
recommendations will be made based on the research
findings.

A single null hypothesis was designed to guide the
study: 

Ho1“There is no significant effect of farm inputs
used in the two groups of rice farmers on their levels
of technical efficiencies.”

Theoretical Framework:
One of the major concerns of environmental

economics is how to make use of scarce natural
resources with alternative uses efficiently so as to
ensure sustainability and improved environmental
quality for man[12,10].

Olayide and Heady[22] defined agricultural
production efficiency as the index of the ratio of the
total farm output to the value of the total inputs used
in farm production. The analysis of efficiency is
generally associated with the possibility of farms
producing at certain optimal level of output from a
given bundle of  resources or certain level of output at
least-cost. The greater the ratio of production output to
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the factor input, the greater the magnitude of technical
efficiency and vice versa. Technical efficiency in
production is defined as the ability of the farmer to
produce at the maximum output (frontier production),
given quantities of inputs and production technology[1].
This definition of technical efficiency implies that
differences in technical efficiency between firms exist.

According to Farell[9] technically efficient farm
operates on the production frontier. A technically
inefficient farm, i.e., one that operates below the
frontier could operate on the frontier either by
increasing output with the same input bundle or using
less input to produce the same output. The closer a
farm gets to the frontier, the more technically efficient
it becomes.

Analytical Framework: The modeling and estimation
of production efficiency of a farm relative to other
farms or to the ‘best’ practice in an industry has
become an important area of economic study[30,9]

suggested a method of measuring technical efficiency
of a firm in an industry by estimating the production
function of firms, which are fully efficient (i.e. frontier
production function).  The study utilized stochastic
frontier production function with multiplicative
disturbance to analyze the data. This was further
improved and used by Battese and Coelli,[4] which was
equally adopted  by other scholars as Parikh & Shah
[23], Liu and Zhuang[16], Amaza & Maurice[1], Tijani[27]

and Kibaare[14], to mention but few. The estimated
Cobb-Douglas stochastic frontier Production function is
assumed to  specify the technology of the farmers. It
is specified under the Data Analysis section of this
work.

Methodology: The study area, Kogi State, is located in
the middle – belt region of Nigeria. It lies between
longitudes 5o40‘ E and 7o49‘ E; and latitudes 6o 33‘ N
and 8o44‘ N. It is bounded to the South by Anambra
and Edo States; and to the North by Niger, Nassarawa
and Federal Capital Territory; to the East by Benue and
Enugu States. On the Western flank it shares a
common border with Ondo, Ekiti and Kwara States [15].

According to National Population Commission,
NPC[20] in Nigerian News[20], the population of Kogi
State going by the 2006 population census stood at
3,278,487 representing 2.34% of the Nigerian
population This population is made up of various
ethnic groups including Igala ,Ebira, Yoruba Nupe and
Bassa Komo.

The study was conducted in commercial rice
producing areas of Kogi State. The study adopted a
multi stage purposive sampling technique. Agricultural
Zones where rice is produced in commercial quantities
were stratified into three (3) based on a preliminary

survey. From these three zones (out of four comprising
of Zones A, B, C and D) one local government each
was selected based on the availability of commercial
rice farms in the area. Out of these LGAs (Ibaji, Bassa
and Kogi LGAs) forty (40) rice farmers each were
randomly sampled giving a total sample size of one
hundred and twenty (120) rice farmers. Primary data
were obtained by interviews via a set of structured
questionnaires. Secondary data were also made use of
in the study. Data were analyzed using descriptive
statistics, t Test, and Maximum Likelihood Estimation
(MLE) of stochastic frontier and inefficiency models.
Before applying the frontier model, tests for
multicollinearity was done using Variance Inflation
Factor (VIF) and Eigen Values in the SPSS application
[26]. Tests of multicollinearity ruled out the presence of
multicollinearity in the model used. 

Applying the above criteria therefore, it can be
concluded of this model, reading from the table of
mulicollinearity diagnostics (Table 1.0) above that
multicollinearity’s presence is ruled out since none of
the variables registered a VIF greater than 2. The VIFs
ranged from 1.082 to 1.948. The highest value was in
the variable, “Land size” which was approximately
1.948 ha.

Applying the above criteria therefore, it can be
concluded of this model, reading from the table of
mulicollinearity diagnostics (Table 1.0) above, that
multicollinearity’s presence is not significant among
independent variables since none of the variables
registered a VIF greater than 2. The VIFs ranged from
1.082 to 1.948. The highest value was in the variable,
“Land size” which was approximately 1.948 ha. The
other seven variables had VIF < 1.948.  Similarly, the
tolerances were very high and far from zero with
values ranging from 0.513 to 0.924 confirming that
they were acceptable and devoid of multicollinearity. In
our model, the highest Eigen value recorded by any
variable is 6.553, a value considered unproblematic as
far as multicollinearity is concerned. We therefore
confidently used our model without fear of
multicollinearity.

The empirical estimated Cobb-Douglas stochastic
frontier production function used to specify the
technology of the farmers is specified as follows:

ln Yi = β0 + β1 ln X1ij  + β2ln X2ij  + β3ln X 3ij + β 4

ln X 4ij + β5ln X5ij + β6 ln X6ij + β7 ln X7ij + Vij - µij 
                                                       (1)
Where ln represents logarithm to base e; subscripts ij

refers to the jth observation of the ith farmer; Y =
value of rice total output of the farmers (in Kgs) ; X1

=  total land area under cultivation (in hectares); X2  = 
quantity of inorganic fertilizer (in Kgs); X 3 =  family
labour (in mandays); X4  =  hired labour (in mandays);
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X5 =  value of seeds planted (in Naira);
X6  =  Quantity of pesticides (litres); X 7 =  value of
water used on the field (in Naira); and
Vij  = a symmetric error component that accounts for
random effects and exogenous shocks.
µij  #  0 = a one sided error component that measures
technical inefficiency; β0  = coefficients of the
respective “X” variables (betas); subscripts ij  = refers to
the jth observation of the ith farmer.

It is assumed that the technical inefficiency effects
are independently distributed and µij arises by 
truncation (at zero) of the normal distribution with
mean µij and variance, δ2, where µij is defined as:

µij =   δ0  + δ 1 ln Z 1ij + δ2ln Z2ij  + δ3ln Z3ij + δ4ln
Z4ij + + δ5ln Z5ij  + δ6ln Z6ij         (2)

Where µij represents the technical efficiency of the ith
farmer;
Z1 = years of farming experience; 
Z2  = number of years of formal education; 
Z3   = number of meetings with extension agents;  and 
Z4  =  the household size. 
Z5 = access to credit (or value of farm credit in N )
Z6 = farmer’s age

The maximum – likelihood estimates of the β and
δ coefficients in equations (1) and (2) respectively was
estimated simultaneously using the computer program
FRONTIER 4.1 (Coelli and Battese, 1994). The above
model was suitable for determining the efficiencies of
the two systems of rice farming being studied in this
work.

Results: Determination and comparison of technical
efficiencies of  rice farmers under the traditional small-
scale farmer managed irrigation systems(FMIS) with
the rain-fed systems in the study area

All the direct inputs hypothesized to influence
technical efficiency in this model returned positive
signs for the coefficients of the FMIS variables. This
also implies that these explanatory variables had
positive effects on the variation of the output of rice
among FMIS farmers in the study area (See Table 5.
0). The estimated elasticities of mean output with
respect to land, fertilizer, family labour, seeds, and
water were statistically significant at less than 1
percent, 5 percent and 10 percent. Their respective
elasticities were 0.33, 0.010, 0.075, 0.151 and 0.165
respectively. This means that for a 10 percent increase
in farm area cultivated to rice, rice output will increase
by 3.3 percent; a 10 percent increase in the amount of
fertilizer applied to rice also increased rice output by
0.10 percent. A 10 percent increase in family labour
and units of rice seeds planted increased rice output by
0.75 percent and 1.51 percent respectively. Similarly a 

10 percent increase in the unit of water applied to the
FMIS increased rice output by 1.63 percent. In other
words these inputs indicated here were being
effectively utilized in their farms.

The mean technical efficiency of this system
(FMIS) was 0.73 (i.e. 73 percent). This figure is high
and did not deviate from the range of technical
efficiencies recorded by some scholars who studied in
other parts of Nigeria. From Table 3.0  it could be
observed that farmers in the FMIS who had technical
efficiency estimates in the range of 50 percent to 74
percent made up 58 percent of the sample while the
rest 42 percent FMIS farmers had Technical
Efficiencies above 75 percent. The higher the technical
efficiency value, the higher the level of technical
efficiency of the farm[6]. The minimum technical
efficiency recorded in the FMIS in the sample survey
was 0.52 (52%) while the maximum estimate recorded
was 0.998 (approximately 1 or 100 %).[27] showed that
the levels of efficiency among rice farmers ranged from
29.4% to 98.2% with a mean of 86.6% in Ondo state,
a result that scarcely deviated from what was
obtainable in the FMIS in Kogi State (in this study).
The result also implied that 27 percent of the
inefficiency experienced on the farmers’ rice field
could be accounted for by factors not stipulated in the
MLE model used for this study. These include natural
factors such as nature of soil, natural weather or
climatic condition of the farm sites, managerial abilities
and social factors of the farmers which could be
defined by socio-economic characteristics like level of
education of the farmers, frequency of extension
contact, value of credit farmers accessed and applied to
their farms, age and years of experience of farmers,
etc.

The gamma value or variance ratio, defined by γ
= δu2 /(δu2+δv2) which is estimated to be 1 or 100
percent means that about 100 percent of the
discrepancies between observed output and the frontier
output are due to technical inefficiency. The gamma
ratio indicates ratio of the random error effect to the
inefficiency effect. If the gamma value is greater than
unity, the random error dominates the technical
inefficiency effect (Ui). This statistic, gamma, was
significant at less than 1 percent alpha level. This
justifies the choice of the inefficiency variables selected
for this model (the six socio-economic characteristics
of the farmers used as inefficiency variables). The
highly significant (p < 0.001) sigma_squared value =
0.015 indicated that technical inefficiency exists in the
farmer managed irrigation system of rice production in
the study area. The Log likelihood ratio (LR) estimate
from this model (22.544) was significant at 1% alpha
level at 8 degrees of freedom (Chi square) confirming
the presence of technical inefficiency in the model (See
Table 5.0).

1049



Res. J. Agric. & Biol. Sci., 6(6): 1047-1054, 2010

The returns to scale (RTS) value, 0.813, obtained
from the summation of the coefficients of the estimated
parameters (elasticities) indicate that farms in the study
area are in stage III of the production frontier. Stage
III of production is characterized by decreasing returns
to variable inputs. This indicates that farms in Kogi
State farmer managed Irrigation Systems were at a
stage where the marginal returns to variable input are
negative ceteris paribus.

The rainfed system of rice farming in the study
area indicated similar attributes in terms of the
coefficient signs which were all positive and in tandem
with a priori expectations. These coefficients’ (beta)
positive signs also applied to the t-ratios recorded
under this system too (See Table 5.0).  Like the FMIS
it was concluded that all the direct inputs (“X”
variables) selected as the explanatory variables for the
technical efficiency determination in this model had
positive effects on the dependent variable (productivity
or technical efficiency) of rice in the rain fed system.
Comparing the estimated t ratios with the theoretical
values at appropriate degrees of freedom, (n-K, i.e. 60-
8 = 52 df) it was indicated that only the intercept, land
size (farm size) and  quantities of fertilizer applied by
the farmers, were the statistically significant
determinants of technical efficiency (productivity) of
rice in the RFS at less than 10 percent, 5 percent and
1 percent levels of significance (Specific levels of
significance for each variables’ coefficient or beta are
in Table 5.0). The elasticities of rice output with
respect to the inputs, land and chemical fertilizer
utilized were 0.276 and 0.024 respectively. This result
is unlike the FMIS where five variables had
statistically significant elasticities. The elasticity of rice
output with respect to land size which gave a value of
0.276 implied that a 10 increase in the land holdings
allocated to rice could only increase rice output by
2.76 percent. On the other hand, a 10 percent increase
in the value of input, chemical fertilizer, brought about
0.24 percent increase in rice yield. 

The minimum technical efficiency recorded under
this system was 0.56 while the maximum value of
technical efficiency recorded was 0.99 (i.e. it ranged
from 56 percent to 99 percent).  It was indicated in
Table 4.11 that only 13 percent had relatively lower
technical efficiencies ranging from 0.50 to 0.74. The
rest 87 percent of the farmers in the RFS had technical
efficiencies within the range of 0.75 to 1 (75% to
100%).

However, the estimated average technical
efficiency for the rainfed system was very high (0.90
or 90 percent, a statistic higher than that of the FMIS).
This implies that there is little opportunity for increased
efficiency given the present state of technology in the
RFS. The efficiency of this group will need to be

improved by 10 percent for the farms to move up to
the frontier of their technology. See Figure 1 for the
Box plot showing comparisons of technical efficiencies
of the two systems. The result also implied that 10
percent of the inefficiency experienced on the farmers’
rice field under RFS could be accounted for by factors
not stipulated in the MLE model used for this study.
The mean technical efficiency, 0.90, is in harmony
with earlier assertions and findings of Ogunyinka &
Ajibefun, Okoruwa & Ogundele[21] and Tijani[27]. The
former held that on average, the farms in Nigeria and
other developing countries have not been behaving
badly in terms of technically efficiency unlike other
efficiency measures like allocative and scale
efficiencies especially. These countries’ mean technical
efficiency indices between 1964 and 1993 were
reported to be 1.00, meaning that they were technically
efficient but others like China, Iran, Ireland, South
Africa, Zimbabwe etc. experienced very low levels of
efficiency. Okoruwa & Ogundele in their own study on
rice efficiency in Nigeria ( a study which had Kogi
State too as one of the study areas) recorded a
technical efficiency of values slightly >0.90 from the
rice farms studied.

The gamma value or variance ratio, which is
estimated to be 0.26 or 26 percent was significant at
10 percent alpha level and means that about 26 percent
of the discrepancies between observed output and the
frontier output are due to technical inefficiency. The
highly significant (p < 0.001) sigma squared value =
0.02 indicated that technical inefficiency exists in the
rainfed system of rice production in the study area. The
above assertions are supported by the high estimates of
Log likelihood ratio (LR) estimate from this model
which gave  35.85  significant at 1%, thus confirming
the existence of inefficiency in the model. The return
to scale in the RFS model recorded was 0.476,
indicated that farmers in the RFS, like their
counterparts were also experiencing a decreasing
returns to scale in their farms. That equally means that
they were operating their farms at Stage III of the
production cycle too.  Further test of hypothesis to
verify whether statistically significant variation existed
in the estimated technical efficiencies of the two group
of farming systems proved gave a t-ratio of -8.097. The
critical two-tail t ratio at 118 degree of freedom is
1.980. Since the estimated t – ratio is greater than the
critical t value at the appropriate degree of freedom,
we have no option than to reject the null hypothesis
which stated that “there is no significant difference in
the mean levels of technical efficiencies of farmers
under the small scale farmer managed irrigation system
and  the  rain-fed  system  in the study area” and
hence conclude that the estimated technical efficiency
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Fig. 1: Individual value plots of FMIS and RFS technical efficiency estimates using Minitab Programme.

Table 1: Results of Multicollinearity Diagnostics Test
Coefficientsa

Unstandardized Standarized Collinearity Statistics
Coefficients Coeffcients
---------------------------------- ----------------------------------------------

Model B Std Error Beta t Sig Tolerance VIF
1 (Constant) 7.475 1.390 5.376 .000

LAND .918 .109 .679 8.383 .000 .513 1.948
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fertilizer(Kg/ha) 2.437E-02 .011 .150 2.285 .024 .786 1.273
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FAMIL Y LABOUR -1.61E-0.2 .016 -.059 -.975 .332 .914 1.095
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HIRED LABOUR -411E-02 .029 -.086 -1.410 .161 .901 1.110
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEEDS -9051E-02 .062 -.093 -1.539 .127 .924 1.082
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PESTICIDES -282E-04 .011 -.002 -.025 .980 .668 1.493
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

WATER VALUE -8.61E-02 .118 -.049 -.732 .466 .753 1.328
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

.199 0.89 .147 2.237 .027 .782 1.2779
a. Dependent Variable: LN Y (kg/) ha

Table 2:
Collinearity Diagnostics

Variance Proportions
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

model Dimension Eigenvalue Condition lndex (Constsnt X1$LAND LNFert(kg/ha) X3$FAMI X4$HIREI X$5SEED X6$PEST LN(litres of H2O) X8$MACI
1 1 7.222 1.000 .00 .00 .00 .00 .00 .00 .00 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 1.045 2.629 .00 .42 .04 .00 .00 .00 .00 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 469 3.925 .00 .09 .76 .00 .00 .00 .01 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 163 6.654 .00 .05 .08 .84 .01 .00 .02 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 6.553E-0 10.498 .00 .13 .01 .03 .10 .00 .79 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 2.996E-0 15.525 .00 .07 .02 .08 .84 .02 .08 .00 .00
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 4.220E-0 41.368 .00 .02 .07 .04 .03 .93 .03 .01 .03
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 6.458E-0 105.756 .00 0.4 .02 .00 .00 .02 .03 .18 .78
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 1.471E-0 221.554 97 17 00 .00 .02 .03 .04 .81 .19
Dependent Variable: LN Y (kg/) ha
Source: Results of analyses of 2008 field data using SPSS 15.0
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Table 3: Frequency Distribution Table Showing the Technical Efficiency Estimates Range for the FMIS
Range of Technical Efficiency Frequency Percent Valid Percent Cumulative Percent
0.50-0.74 35 58.3 58.3 58.3
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.75-1 25 41.7 41.7 100.0
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total 60 100.0 100.0
Source: Figures were derived from MLE estimates using Frontier 4.1 based on Field Data (2008) 

Table 4: Frequency Distribution Table Showing the Technical Efficiency Estimates Range for the Rainfed System of Rice Production
RFS Technical Efficiency Ranges

Ranges of Technical Efficiency Estimates Frequency Valid Percent Cumulative Percent
0.50 - 0.74 8 13.3 13.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.75 - 1.00 52 86.7 100.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 60 100.0
Source: Field Data (2008)

Table 5: Comparison of Parameter Estimates from the MLE of the Technical Efficiencies of FMIS and RFS Respectively
FARMER MANAGED IRRIGATION SCHEMES RAINFED SYSTEMS

----------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------
GENERAL MODEL
Variables Coefficient standard-error t-ratio Remarks Variables Coefficient standard-error t-ratio Remarks
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Intercept 9.261 0.547 16.942 *** Intercept 12.032 0.832 14.457 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Land(ha) 0.334 0.059 5.689 *** Land(ha) 0.276 0.068 4.058 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fert(Kg) 0.01 0.006 1.703 * Fert(Kg) 0.024 0.009 2.747 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Family labour (manhours) 0.075 0.035 2.131 ** Fmllab(manhrs) -0.021 0.047 -0.449 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hired labour (manhrs) 0.039 0.055 0.706 NS Hilab(manhrs) 0.096 0.063 1.52 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
seeds(kg) 0.151 0.051 2.955 *** seeds(kg) -0.08 0.071 -1.123 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pesticides(litrs) 0.039 0.039 1.011 NS pesticides(ltrs) 0.176 0.212 0.83 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
water(naira) 0.165 0.053 3.104 *** water(naira) 0.005 0.071 0.076 NS
INEFFICIENCY MODEL
intercept 0.608 0.138 4.407 *** intercept 0.907 0.18 5.035 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
farmexpc -0.011 0.004 -2.537 *** farmexpc -0.024 0.008 -2.893 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
yrsofednf -0.011 0.004 -2.554 *** yrsofednf -0.025 0.008 -3.352 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
extcontct 0.006 0.002 2.35 ** extcontct 0.013 0.004 3.046 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
age 0 0.003 0.146 NS age -0.012 0.004 -2.89 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
sex 0.044 0.042 1.048 NS sex -0.09 0.096 -0.943 NS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
crdtaccs 0 0 -2.437 ** crdtaccs 0 0 -1.341 NS
DIAGNOSTICS
Sigma-squared = 0.015 0.004 4.083 *** 0.02 0.02 0.01 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
gamma 1 0.394 2.536 *** 0.26 0.26 0.15 *
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean T.E. = 0.73 0.9
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Log Likelihood function = 43.674 35.858
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Log Likelihood (LR) test of the one-sided error = 22.544 *** 39.637 ***
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Number of restrictions = 8 8
NB: NS = "Not Significant"; (***) = Figure(s) significant at less than 1% alpha level; (**) = Figures significant at less than 5% alpha level;  (*) = figures significant at < 10% alpha level
and NS =  Figure(s) not significant at below 10% alpha levels.

differential of 0.175 in the two groups MLE estimates
is significantly different from zero with a p value of
0.000. It can thus be confidently stated that the mean
technical efficiency estimates of the rainfed system is
higher than that of the farmer managed irrigation
system.

Conclusion: This survey has been able to estimate and
compare the technical efficiencies of rice farms in the

farmer managed irrigation system and the rain fed
system in Kogi State, Nigeria. The overall finding is
that the rice farms appeared to be doing well in terms
of technical efficiency in the farms studied (about 0.73
and 0.90). However, there are lot of rooms for
improvement of the two systems more especially as
both systems of rice farming in the area were
experiencing decreasing returns to scale (0.813, and
0.476 for FMIS and RFS respectively). For the average 
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FMIS and RFS rice farmers in the study area to attain
the maximum frontier of their respective technologies
they both need to increase their technical efficiencies
by 27% and 10% respectively. Results showed that the
FMIS had a higher intensity of inputs usage than the
RFS. This leaves room for policy intervention
especially by the government of Nigeria and Kogi State
in order to help the farmers using irrigation to attain
their maximum efficiency levels thus making the dream
of getting rice more readily available locally becomes
a reality. Such intervention can also help the
government conserve scarce foreign exchange used for
rice imports. It was observed that resources used
among FMIS and RFS farmers significantly varied with
positive mean differentials recorded for land, fertilizer
quantities applied, family and hired labour, pesticides
and water used on the farms. The RFS could do better
if they can reduce wastage in the use of land area
cultivated to rice, use fertilizer and pesticides at
recommended or optimal levels (quantities) and keep
the number of labourers (both hired and family) at
optimal levels. The estimated elasticities of mean
output with respect to land, fertilizer, family labour,
seeds, and water were statistically significant at less
than 1 percent and 5 percent in the FMIS. It was
indicated that land size (farm size) and quantities of
fertilizer applied by the farmers, were the y significant
determinants of technical efficiency in the RFS. The
RFS farmers can improve their efficiencies by avoiding
wastage in use of hired and family labour, pesticide
and seedlings applied on their farms. On the whole
since the RFS had few significant resources relatively,
they need to learn how to utilize most of their farm
resources more optimally or sustainably. Farming
experience, years of formal education and frequency of
extension contacts exerted significant effects on the
technical inefficiencies of the FMIS. The farmers under
this system can do better and move to their frontiers if
farmers can be given more training through provision
of extension services to them. Younger farmers should
be encouraged to go into rice production. Solving these
problems will equally be a giant stride in addressing
the looming food crisis in Nigeria.

APPENDIX 1

T test showing tech eff. Estimates differences by
farming system (FMIS and RFS)

Minitab 15.0 Output of T-test for the Two Samples
Difference = mu (RFS Technical Efficiencies) - mu

(FMIS Technical Efficiencies)
Estimate for difference:  0.1751
95% CI for difference:  (0.1323, 0.2180)
T-Test of difference = 0 (vs not =): T-Value =

8.09  P-Value = 0.000  DF = 117
MS Excel Output of t Test for the means of FMIS and RFS
Technical Efficiencies

t-Test: Two-Sample Assuming Unequal Variances for Technical
Efficiency Estimates
 FMIS RFS
Mean 0.729 0.9045
Variance 0.013765085 0.01442178
Observations 60 60
Hypothesized Mean Difference 0
df 118
t Stat -8.097097389
P(T<=t) one-tail 2.87766E-13
t Critical one-tail 1.657869523
P(T<=t) two-tail 5.75531E-13
t Critical two-tail 1.980272226
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