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ABSTRACT 
 

A study was conducted in Kaduna state located in the north central zone of 
Nigeria during dry season of 2007/2008. Technical and scale efficiency in 
vegetable production was estimated using data envelopment analysis for a 
sample of 192 Fadama farmers. The technical efficiency in study area ranged 
from 39 to 100 percent with a mean value of 93 percent. Scale efficiency on the 
other hand ranged from 2 to 100 percent with a mean of 82 percent. The low 
average scale efficiency score implies that scale inefficiency was the major 
source of inefficiency in vegetable production under Fadama. Further, average 
pure technical efficiency score for vegetables in mixtures (93.6 percent) relative 
to that of sole vegetable enterprises (91.5 percent) implies that Fadama farmers 
can be more efficient if they grow vegetables in mixtures. To eliminate scale 
inefficiency, policies that could encourage land consolidation in Fadama 
communities should be formulated. 
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INTRODUCTION 
 
An efficient use of farm resources is of vital importance for agricultural 
sustainability. Farmers can achieve sustainability in agricultural production by 
raising productivity of their farms through improvement in efficiency within the 
limit of existing resource base and technology (23). The maintenance of 
productivity in agricultural production is a component of efficiency and 
equally, a fundamental component of sustainability (20). On the other hand, 
an efficient use of resources is a prerequisite for optimum farm production 
since inefficiency in resource use, can distort food availability and security 
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(9). Thus, it is expected that if Fadama farmers improve the efficiency of their 
inputs use, they simultaneously achieve economic and environmental 
objectives which are considered a prerequisite for sustainability (7). In this 
way, enhancing efficiency in vegetable production under Fadama would 
support sustainability as a result of linkage between efficiency and 
sustainability. Moreover, estimation of current level of technical and scale 
efficiency of vegetable producers under Fadama can provide further insight 
into the nature and causes of farm inefficiency.  
 
The present study focused only on three important high valued vegetables 
(tomato, onion and pepper) grown intensively in most parts of north central 
Nigeria. (2).  Fadama is a word used for wet lands or seasonally flooded 
plains along major Savanna rivers and / or depressions on the adjacent low 
terraces which contrasts sharply with the surrounding dry top lands in terms 
of moisture level of top and bottom land components of the system [16]. 
 
The objective of the study was to estimate technical and scale efficiency in 
vegetable crop production under Fadama in north central Nigeria. 
 

MATERIALS AND METHODS 
 

This study was conducted in Kaduna state which is located in the north 
central zone of Nigeria during 2007-08 cropping season. Four local 
government areas (LGAs) were randomly sampled from seven local 
government areas noted for the intensive production of vegetables in the 
state. In all 200 Fadama farmers were randomly selected from a total of 1,939 
registered Fadama farmers in four local government areas. A proportionality 
factor was used to determine the number of Fadama farmers sampled from 
each local government area (Table 1). Information from 192 farmers only was 
found useful. The proportionality factor was specified as follows, 

n = nL/NL*200 ……………………….. 1. 
 

n= sample size per local government  
nL= number of Fadama users groups members per local government 
NL= Total number of Fadama users groups members   
 

Table 1.     Number of Fadama users groups members sampled.   
 

LGA No. of  registered Fadama 
users groups members 

No. of Fadama farmers 
sampled 

Soba 
Kubau 
Giwa 
Birnin Gwari 

553 
601 
378 
407 

57 
62 
39 
42 

Total 1939 200 
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Data envelopment analysis (DEA) was used to estimate technical and scale 
efficiency.  DEA is a non-parametric, linear programming based frontier 
analysis method that was originally developed to analyze the performance of 
organizations whose goals are not limited to profit maximization (3). The 
technique is flexible and does not require the specification of an underlying 
production relationship between inputs and outputs. It can incorporate  inputs 
and outputs that are measured in different units and at different scales. It is  
also able to accommodate multiple inputs and multiple outputs with minimal 
value judgments placed on the relative “worth” or “cost” of these inputs and 
outputs (12).  
 
According to DeKeoijer et al. (8), a DEA model can either be input-oriented or 
output-oriented. If decision making units have more control over output 
variables than input variables, the DEA model should be output-oriented; 
otherwise, the model should be input-oriented. In addition, financial 
constraints and factors such as erratic weather and diseases over which the 
farmers have no control, prevent them from operating at an optimal scale 
characterised by constant returns to scale. Thus, an input-oriented variable 
returns to scale DEA model was used to calculate technical efficiency for the 
study.  
 
The envelope form of input-oriented variable returns to scale DEA model was 
used to calculate the technical efficiency (TE) scores for this study. The 
model was presented for a case where there are data on K inputs and M 
outputs for each of N farms cropped by the Fadama farmers sampled. For the 
i-th farm, input and output data are represented by column vectors si and ji, 
respectively. The K x N input matrix, S, and the MxN output matrix, J, 
represent the data for all farms in sample. According to earlier workers (6, 21) 
the model was specified as follows: 
 

Minθ, λ  θ, 
St  -ji+J λ ≥ 0 ……………….. (2). 
θ si - S λ ≥ 0………………………(3). 
N1׳ λ = 1 …………………………(4). 
λ ≥ 0 

 
where ø  is a scalar, N1 is an Nx1 vector of ones, λ is an Nx1 vector of 
constants which shows the intensity with which each farm is used to construct 
the frontier of production possibilities set. J λ and S λ are the efficient 
projections on the frontier. The value of ø obtained is the technical efficiency 
score for the i-th farm. The score will always vary between zero and one, one 
indicating that the farm lies on the frontier and is efficient. Equation 4 in the 
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model (N1’ λ=1) is the convexity constraint which makes the model to have a 
variable returns to scale (VRS) specification. Without it, the model will have a 
constant return to scale (CRS) specification (11). The linear programming 
problem needs to be solved once for each plot cropped by. 192 Fadama 
farmers in the sample. The DEA software, data envelopment analysis 
programme (DEAP) can estimate the efficiency score for several farms or 
decision making units simultaneously.  
 
While estimating technical efficiency under variable returns to scale (VRS) 
model, the term pure technical efficiency is used. Total efficiency is used for 
the constant returns to scale model (CRS) (13). The variable returns to scale 
and constant returns to scale DEA were conducted on the same data set. The 
ratio between CRS and VRS technical efficiency scores is called scale 
efficiency (18). A DMU is scale efficient (operating under constant returns to 
scale) if CRS and VRS technical efficiency scores are the same, otherwise 
DMU is scale inefficient.  According to Coelli et al. (4), the relationship is as 
follows.  
 

Scale efficiency (SE) = CRS TE/VRSTE. 
 
However, scale inefficiency can be due to the existence of either increasing 
or decreasing returns to scale. This may be determined by solving an 
additional DEA problem with non- increasing returns to scale (NIRS) imposed 
(15). This can be done by altering equation 3 (N1׳ λ = 1) in the DEA model to 
become N1׳ λ ≤ 1. If the non- increasing returns to scale TE score is unequal 
to VRS TE score, it indicates that increasing returns to scale exist for the 
DMU. If these are equal, then decreasing returns to scale apply.  
 
The inputs considered include size of Fadama plot (ha), labour (man days), 
urea fertilizer (kg), NPK fertilizer (kg), insecticides (litres) and seeds (kg). The 
tomato, onion, sweet and hot pepper outputs were harvested per plot within a 
production cycle of about three to four months. Efficiency scores in this study 
were estimated using the computer program, DEAP Version 2.1. 

 
RESULTS AND DISCUSSION 

 
Maximum score for technical efficiency found within the samples was unity; 
therefore only minimums were reported here (Table 2). The technical 
efficiency in vegetable production differed substantially, ranging from 39 
percent for the least practice farmer to 90 percent for the best practice farmer, 
with a mean value of 93 percent. Higher scores under DEA imply that a 
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restriction of functional form under Stochastic Frontier Approach is 
inappropriate (17). The hot pepper/tomato enterprise had the least pure 
technical efficiency score followed by sole onion, sole tomato and sole sweet 
pepper enterprises. While the tomato/onion, sweet pepper/tomato and the 
sole hot pepper enterprises can reduce their input usage by 5 percent and 
still produce the same level of output. The sole sweet pepper enterprise can 
only maintain same level of output if input usage was reduced by 11 percent. 
 

Table 2.  Pure technical efficiency estimates on vegetable farms. 
 

Crop enterprises Technical efficiency (%) 
 Minimum Mean 
Sole onion  
Sole tomato  
Sole hot pepper  
Sole sweet pepper  
Tomato/onion  
Sweet pepper/tomato  
Hot pepper/tomato 
Sweet pepper/onion  
Hot pepper/onion 

46 
54 
66 
54 
61 
68 
39 
62 
90 

92 
90 
95 
89 
95 
95 
91 
93 
94 

Average 60 93 

 
All crop enterprises clustered towards a high pure technical efficiency score. 
It explains that in input-oriented DEA model, efficiency scores are likely to be 
biased towards higher scores (i.e. towards 1) especially when the most 
efficient farms are not contained in sample and inefficient farms define the 
estimated frontier (18). However, in terms of number of farms with pure 
technical efficiency score of unity or technically efficient farms, vegetable 
production on 54 percent of sampled Fadama farms in study area was 
technically efficient (Table 3). This can be attributed to full utilization of 
existing Fadama resources due to their relatively small size, making them 
easier and cheaper to manage (1). Further sole crop enterprises for onion, 
tomato and hot pepper had a higher share of farms with a pure technical 
efficiency score of unity. The sole onion enterprise despite having the least 
pure technical efficiency score among sole crop enterprises equally had more 
farms that are technically efficient. Among the mixtures; sweet pepper/tomato 
enterprise had a higher share of farm with a pure efficiency score of unity.  
 

Table 3. Number of farms with pure technical efficiency score of unity (100%). 
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Enterprises Share of farms with efficiency score of unit 
(Number of farms or plots  =242) 

 No. of farms Percentage 
Sole onion  
Sole tomato 
Sole hot pepper 
Sole sweet pepper  
Sweet pepper/tomato 
Tomato/onion 
Hot pepper/tomato  
Sweet pepper/onion 
Hot pepper/onion 

               30 
               26 
               15 
                 7 
                 8 
               15 
                 8 
               10 
               11 

               23 
               20 
               12 
                 5 
                 6 
               12 
                 6 
                 8 
                 8 

Total              130              100 
 
The average pure technical efficiency score for mixtures (93.6 percent) was 
higher than that of sole enterprises (91.5 percent). Based on the foregoing, 
mixtures can be said to be more technically efficient than the sole crop 
enterprises. This finding contrasts with earlier results (14). High level of 
technical efficiency observed for the mixtures can be attributed to the fact that 
specialization may decrease technical efficiency in presence of scope 
economics (10). In addition, above finding suggests the presence of scope 
economies in the production of vegetables under Fadama. 
 
Scale efficiency on Fadama farms 
 
Sole onion and hot pepper/onion enterprise had the least (5) and highest (77) 
minimum scale efficiency scores, respectively (Table 4). The hot 
pepper/onion enterprise, however, had the highest mean scale efficiency 
score (93%) thus the closest to an optimal scale. The results further indicate 
that on the average, scale efficiency on Fadama farms was about 82 percent. 
This implies that Fadama farmers were not scale efficient because their scale 
efficiency score is less than 100 percent. Therefore, there is need for Fadama 
farmers to increase the size of their Fadama plots to be able to produce 
expected level of output. Earlier workers (14) pointed out that a scale 
inefficient farm may be technically efficient by operating on the frontier but will 
not produce the expected level of output. According to other scientists (22), 
factors such as land fragmentation and limited access to resources can 
induce scale inefficiency. It is a common practice among Fadama farmers in 
study area to have more than one Fadama plot or farm. These plots or farms 
are often about 0.5 kilometers to about 1.5 kilometers away. This could be 
responsible for the observed scale inefficiency among Fadama farmers. If 
average scale efficiency score is less than the average pure technical 
efficiency score, then scale inefficiency is the cause of overall technical 
inefficiency (15). Otherwise, it is attributed to inefficient management 
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practices (18). Hence, low average scale efficiency (82 %) in comparison to 
the average pure technical efficiency (93%) (Table 4) implies that scale 
inefficiency was the major source of inefficiency in vegetable production 
under Fadama.   
 

Table 4.    Scale efficiency estimates on vegetable farms. 
 

Crop enterprises Scale Efficiency (%) 
 Minimum Mean 
Sole onion  
Sole tomato  
Sole hot pepper  
Sole sweet peppers 
Tomato/onion   
Sweet pepper/tomato  
Hot pepper/tomato  
Sweet pepper/onion  
Hot pepper/onion 

          5  
        16 
        02 
        61  
        51  
          6  
          7  
        74 
        77 

        80 
        80 
        66 
        89 
        93  
        71 
        71 
        91 
        93 

Average         33         82 
 

The above results are further corroborated by the data given in Table 5. It 
revealed   that there are more farms operating under increasing returns to 
scale or below the most productive scale size (62%) than either constant 
(22%) or decreasing returns to scale (16%). This implies that the farms are 
too small and could gain scale efficiency by increasing the size. However, 
several impediments such as; the competing land uses to which Fadama 
lands are put, conflict among different Fadama users as well as the  
complicated tenural arrangements obtainable on Fadama lands may not likely 
to allow for an expansion of current  Fadama holdings. 
 

Table 5.  Shares of farms operating under constant, increasing 
and decreasing returns to scale. 

 
Crop enterprises Returns to scale 
 Increasing Constant Decreasing 
Sole onion  
Sole tomato 
Sole hot pepper  
Sole sweet pepper  
Tomato/onion 
Sweet pepper/tomato 
Hot pepper/tomato 
Sweet pepper/onion  
Hot pepper/onion 

        27  
        35 
        14 
        15 
        20 
        15 
        10 
          6  
          8 

     10 
       8  
       4 
       9 
       7 
       6 
       4 
       3 
       3 

      10 
      10 
        5 
        0 
        3 
        4 
        3 
        1 
        2 

Total        150      54       38 
 
Input slacks in vegetable crop production under Fadama  
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Slacks were investigated to determine those inputs that can be decreased 
proportionately and at the same time achieving same level of output (Table 
6).  All enterprises had slack for the inputs except for land. This is an 
indication that land is a limiting resource in vegetable production under 
Fadama. The tomato/onion had the highest percentage of slack for labour 
(16.34%). The enterprise could reduce labour by 16.34 percent and still 
achieve the same level of output. The sole enterprises had higher slacks for 
labour and fertilizers than mixtures. There is an indication that labour and 
fertilizer were better utilized in mixtures than in sole crop enterprises. The 
slacks for insecticides and seeds on the other hand had a fairly even spread 
for sole crops and mixtures. On the average, labour had the highest value 
(10.76%) for slacks among all the inputs.  Thus labour was the least 
efficiently utilized input in vegetable crop production under Fadama. 
 

Table 6.  Input slacks for total technical efficiency. 
 

Means of slacks as percentage of input level used Crop enterprise 
Labour Urea NPK Insecticides Seed 

Sole onion 
Sole tomato 
Sole hot pepper  
Sole sweet pepper 
Tomato/onion  
Sweet pepper/tomato 
Hot pepper/tomato 
Sweet pepper/onion  
Hot pepper/onion 

15.65 
12.12 
13.76 
12.32 
16.34  
  6.13 
  8.15  
  4.6 
  7.8 

 3.8  
 3.5  
 2.4  
 3.1 
 2.8 
 2.5 
 2.2 
 2.5  
 1.2 

  2.7  
  2.1 
  3.4  
  1.4  
  2.1  
  2.5  
  1.8  
  1.3  
  2.4 

     0.25  
     0.11  
     0.32  
     0.13  
     0.34  
     0.23  
     0.25  
     0.14  
     0.32 

0.13  
0.12 
0.23  
0.45  
0.26*     
0.15* 
0.32* 
0.12* 
0.13* 

Mean 10.76  2.66   2.18      0.23 0.21 
           *Mean value for the mixture 
 

CONCLUSION/RECOMMENDATIONS 
 
The low average scale efficiency score of 82 percent compared to an average 
technical efficiency score of 93 percent implies that major source of 
inefficiency in vegetable production under Fadama was scale inefficiency. In 
addition, average pure technical efficiency score for the vegetables in 
mixtures (93.6%) relative to that of sole vegetable enterprises (91.5 %) 
implies that Fadama farmers can be more efficient if they grow vegetables in 
mixtures. It was, therefore, recommended that Fadama farmers should be 
sensitised and educated on efficient use of resources. To eliminate scale 
inefficiency, policies that could encourage land consolidation in Fadama 
communities should be put in place through the land reform component of 
seven point agenda of the Nigerian government. The main thrust of the land 
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reforms is to change the existing land laws and ensure the emergence of land 
reforms that will optimize Nigeria’s growth through the release of land for 
commercial farming and other large scale business by the private sector. The 
final result will ensure unhindered access to land to boost output and improve 
capacity for wealth creation.                       
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