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ABSTRACT 
 
 This paper contributes to the efficiency literature in developing country agriculture by 

quantifying the level of efficiency for a sample of women food crop farmers from Nigeria. A stochastic 

decomposition methodology is used to derive technical, allocative and economic efficiency. The result of 

the MLE showed that labour fertilizer, material inputs and equipment have a positive and significant 

impact on the value of production while agrochemical have a negative and significant impact on the 

value of production. An average economic efficiency of 78.5% is found, which suggest considerable 

room for improvement in the productivity of the farms in the study area. The result also revealed that the 

level of economic efficiency would significantly increase with rising level of education, extension visit 

and membship of social organization but would decrease with rising level of experience. 
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INTRODUCTION 

 The importance of women farmers in agricultural development has been receiving recognition 

recently (Gladwin 1991; Adeyemi 1992).Women play a central role in the development of sustainable 

agricultural systems, particularly in improving crop and grassland productivity. In Sub-Saharan African, 

it is estimated that women contribute 30 to 80 percent of the agricultural labour for crop production 

depending on area and economic class (FAO 2004) 

 Women are usually very dependent on common property resources for water, firewood, 

compost for farmland and wild herbs, mushrooms, fruits and nuts, as it is usually their responsibility to 

ensure that the family is supplied with these goods (Swope 1995). When these commonly held resources 

become scarce and property rights are exerted because of a perceived market value, their control tends to 

be assumed by men, although women’s role as the supplier to the family of these resources does not 

change (Agarwal 1989). Women produce between 60 and 80 percent of the food in most developing 

countries and are responsible for half of the world’s food production, yet their key role as food producers 

and providers and their critical contribution to household food security is only now becoming recognized 

(Adekanye 1988; Adeyemi 1992; FAO 2004). 
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 In Nigeria, the record of involvement of women in agriculture is well documented. The Federal 

Office of Statistics (1984) reports that 48% of all females are fully engaged in agriculture compare to 

17% of men. In some state, such as Anambra, Imo, Cross-Rivers, Benue and Kaduna, over 80% of 

women in rural areas are actively involved in agriculture. In Hausaland and many northern states, women 

are involved in harvesting of food crops, pounding grains, roots and tubers or smoking and drying fish. 

Mijindadi (1993) estimated that women are responsible for 70% of actual farm work and constitute up to 

60% of farming population in Nigeria. 

 FAO studies confirm that while women are the mainstay of small-scale agriculture, farm labour 

force and day-to-day family subsistence, they have more difficulties than men in gaining access to 

resources such as land and credit and productivity enhancing inputs and services (Adesina and Djato 

1997; Quisumbing 1994). One of the reasons for the decline in women’s access to resources is that both 

land redistribution and subsidized agricultural inputs are in the hands of men who see women as 

dependent rather than individuals (Ajakpo 1995). An augument often used against female farmers is that 

they are less efficient than male farmers (FAO 1985). 

 Efficiency has three components: technical, allocative and economic. According to Farrell, 

technical efficiency is associated with the ability to produce on the frontier isoquant, while allocative 

efficiency refers to the ability to produce at a given level of output using the cost minimizing input ratios. 

Economic efficiency combines technical and allocative efficiency. Economic efficiency is defined as the 

capacity of a firm to produce a pre-determined quantity of output at minimum cost for a  given level of 

technology (Farrell 1957; Kopp and Diewert 1982). It is possible for a firm to have either technical or 

allocative efficiency without having economic efficiency. Technical and allocative efficiency are 

necessary, and when they occur together, are sufficient conditions for achieving economic efficiency 

(Yotopoulos and Nuggent 1976). This study therefore, aimed at investigating the efficiency of women 

food croppers in Nigeria, Ogun State. 

METHODOLOGY 

 For this study, farm level data were collected on 120 women food croppers in Ogun State. Ogun 

state is one of the 36 states in Nigeria located in the Southwestern part of Nigeria. The climate is tropical 

and ecology is rainforest. There are twenty (20) local government areas (LGAs) in the state. It has an 

estimated land area of 16, 409 square kilometers. The state is well suited for production of crops such as 

maize, rice, cassava, yams, plantain, tomatoes etc. and cash crops like cocoa, rubber, palm-oil, sugar-

cane etc. The bulk of the agricultural product comes from manually cultivated rain-fed crops. Mixed 

cropping system of farming is common in the state. The selection of respondent famers for this study was 

multistage. In the first stage, the LGAs in the state were divided into four strata based on farmers’ 

economic, socio-cultural and geographical considerations, and one LGA was selected from each stratum. 

The second stage involved random selection of three villages from each LGA. From each village, ten 

women farmers were randomly selected making a total of 120 women farmers. And this constituted the 

third stage of sampling. Production resources were categorized into five groups: land, labour, implements 
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agrochemicals and seed. Land was measured in hectares, and human labour was measured in mandays 

(for family and hired labour). Implements, agrochemicals and seeds were each measured as quantity as 

well as the price of the resources. Depreciation values of implements were also taken into consideration. 

ANALYTICAL FRAMEWORK 

 Following the Aigner et al.(1972) and Meeusen and Van dan Broeck (1977) method of 

estimating a stochastic frontier production function in which the disturbance term (ε) is composed of two 

parts, a systematic term (V) and one-sided (U) component, a Cobb-Douglas production function of the 

following form was specified. 

 Q = F(Xa; β) + ε�  . . . . . . . . . . . .. . . . . . . . (1) 

Where Q is the quantity of agricultural output,  Xa is vector of input quantities, and β is a vector of 

parameters and ε�  is defined as 

 ε�  = Vi + Ui   �  = 1, 2, ……, n farms ………………………   (2) 

On the assumption that Ui and Vi are dependent, the parameters of the production frontier (1) were 

estimated using maximum likelihood method by an econometric software called FRONTIER 4.1. The 

farm-specific technical efficiency (TE�) of the ith farmer was estimated by using the expectation of Ui 

conditional on the random variable ε� as shown by Battesse and Coeli (1988). That is, 

 TE� = exp (-Ui ) -------------------- (3) 

So that 0 ≤ T Σi ≤ 1 

If the functional form of the production frontier is self-dual, for example Cobb-Douglas, then the 

corresponding cost frontier can be derived analytically and written in general forms as: 

  C = h(P, Q: γ) + ε� ---------------------------------- (4) 

Where C is the minimum cost associated with the production of Q, P is a vector of input prices and γ is a 

vector of parameters. 

 Allocative efficiency farm � (AE�) is given by 

 AE� = exp (-Ui) ---------------------------------------------- (5) 

So that 0 ≤ AE� ≤ 1 

 In this cost function, the non-negative random variable Ui which are assumed to account for the 

cost of inefficiency defines how the farm operates above the cost frontier. If allocative efficiency is 

assumed (Coelli 1996), the non-negative random variable Ui is closely related to the cost of technical 

inefficiency. 

 Following Farrell (1957), equations (3) & (5) can be combined to obtain the economic 

efficiency (EE) index. 

 EE = (AE) x (TE) ------------------------------------------------  (6) 
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 To empirically measure efficiency, the first step is to estimate stochastic production frontier and 

then use the approach introduced by Jondrow et al. (1982) to separate the deviations from the frontier 

into a random and an efficiency component. To show how this separation is accomplished, consider the 

stochastic production frontier. 

 Q = f(Xa; β) + E --------------------------------------- (7) 

 Where E = V + U   --------------------------------------- (8) 

 Equation (8) is composed error term (Aigner et al.1977; Meeusen and Van den Broeck 1977). 

The two components V and U are assumed to be independent of each other, where V is the two-sided, 

normally distributed random error (V ~~~ N (O, σ2
v), and µ is the one-sided efficiency component with a 

half-normal distribution (U~~ N(O, σ2
µ). The maximum likelihood estimation of equation (7) yields 

estimators for β and λ, where β = vectors of parameters, λ =  σµ /σv and σ2 = σ2
µ  + σv

2. 

 Jondrow et al. (1982) have shown that the assumption made on the statistical distribution of V 

and U, mentioned above, makes it possible to calculate the conditional mean of µi given Ɛ� as 

E(µi/ Ɛ�) = σ*[f*( Ɛ� λ /σ            -     Ɛ� λ] 

                      [1–F* (Ɛ� λ/σ)               σ            --------------------------- (9) 

where F* and f* are, respectively, the standard normal density and distribution functions evaluated at  Ɛ� 

λ/σ and σ2  =  σu
2 σv

2/ σ2 

 Therefore, equation (7) and (9) provide estimates for u and v after replacing  Ɛ�, σ, and λ by their 

estimates. If v is now subtracted from both sides of (7), we obtain. 

 Q* = f (Xi, β) – u = Q – V …………………………………… (10) 

Where Q* is the firm’s observed output adjusted for the statistical noise captured by V.  

 The use of single – equation model depicted in equation (11) is justified by assuming that 

farmers maximize expected profits, as is commonly done in studies of this type (Zellner et al. 1966; 

Kopp and Smith 1980; Caves and Barton, 1990). 

 For this study, the specific model estimated is  

Ln Q = βo + β1 LnL + β2  LnF + β3 LnM + β4LnE + β5LnA + Vi   - Ui --------------------(11) 

Where. 

Q = the value of production of ith farmer measured in Naira /ha 

L = Labour used in Mondays/ha (family and Hired) 

F = The quantity of fertilizer used, in kilograms/ha 
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M = the value of material input used in Naira/ha (maize seed, yam Sett and cassava cuttings) 

E = the value of implements in naira/ha 

A = the quantity of agrochemicals (herbicides and pesticides) used in litres/ha 

Β = Parameters to be estimated 

V = is the two sided, normally distributed random error 

U = is the one-sided efficiency component with a half-normal distribution. 

 To examine the possible relationship between efficiency and socio-economic characteristics, 

multiple regression analysis was used to investigate the association between efficiency indexes and Four 

Socio-economic characteristics. The level of efficiency, the dependent variable, lies between 0 and 1. 

The model is specified as: 

 E 1 = α + b1 edu  b2 exp + b3 ext + b4 Soc + ε 

Where 

 E1 = are the levels of efficiency indexes, economic efficiency (EE), technical efficiency (TE) 

and allocative efficiency (AE) 

Edu = years of schooling completed by the respondent  

Exp = years the farmer has been in cassava production 

Ext =  number of contact with extension agent. 

Soc = equal 1 for membership of social organization and zero otherwise. 

RESULTS 

 Table 1 shows the maximum likelihood parameter estimates of the stochastic production frontier 

(Eqn.11) for women food croppers along with some descriptive statistics for the sample. For comparison, 

OLS estimates of average production functions are also shown. In general, the frontier estimates amount 

to a neutral upward shift of the average function. With the adjusted R2 value of 0.87, the inputs used in 

the model were able to explain 87 percent of the variation in food crop production for the state. The 

coefficients of labour, fertilizer, material inputs and equipments were positive and highly significant but 

agrochemical was negative and not significant. The insignificance of agrochemical could be due to low 

use of agrochemical in the study area. 

 On the other hand, the estimates of the stochastic frontier shows that labour, fertilizer, material 

inputs and equipment have a positive and significant impact on the value of production while 

agrochemical have a negative and significant impact on the value of production. However, labour has the 

largest coefficient. This indicates that the largest impact on output, on average, would be experienced if 

labour could be made available and affordable to farmers. The estimate of sigma-squared (σs
2) is 

significantly different from zero at the 1 percent level (16.04). This indicates a good fit and correctness 
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of the specified distributional assumption. Similarly, the estimate of γ, was 0.84. This would mean that 

more than 84 percent of the variance in output among the women food croppers is due to differences in 

technical efficiency. This implies that technical inefficiency are highly significant in the analysis of the 

data. 

Table 1: Average Production Functions and Stochastic Production Frontiers for Women Food Croppers 
in Nigeria. 

 
Variables Mean 

(SD) 
Average 
Function 

Stochastic 
frontier 

Constant 
Labour 
Fertilizer 
Material inputs 
Equipment 
Agrochemicals 
Adj. R2 

σs
2 

Log likelihood 

 
93.28 (75.86) 
6.38 (5.47) 
238.20 (245.03) 
290.66 (440.31) 
1.62 (0.37) 

6.45(3.19)*  
0.41 (1.75)* 
0.32 (3.69)* 
0.02 (3.12)* 
0.15 (3.07)* 
-0.28 (-1.33) 
0.87 

8.70(7.52)* 
0.41 (100.54)* 
0.32 (383.48)* 
0.02 (3.28)* 
0.16 (4.46)* 
-0.24 (-5.28)* 
 
16.04 (16.04)* 
0.84 (12.691)* 
-1298.85 

Source: Field survey, 2008 
Figures in parentheses are t - values 
* - Significant 
 
 The dual cost frontier for food crop derived analytically from the stochastic production frontier 

is shown below. 

LnC = - 14.072 + 0.0016 LnPL + 1.006 Ln PF + 1.000 Ln Pm + 0.928 Ln PE + 0.412Ln PA + 0.000069 Ln 

Q* --------------------- (13) 

Where C is per farm cost of producing food crops; PL daily wage rate per worker; PF  price of fertilizer; 

Pm  price of material inputs, PE price of equipment; PA price of agrochemicals; Q* annual total value of 

food crops adjusted for any statistical noise as specified in eqn (10) above. 

The results derived from the MLE indicate that technical efficiency (TE) indices range from 

38.5 to 100 percent for the farms in the sample, with an average of 81 percent (Table 2). This means that 

if the average farmers in the sample was to achieve the TE level of its most efficient counterpart, then the 

average farmer could realize a 19 percent cost saving or increase in production (i.e. 1 – (81/100)]. A 

similar calculation for the most technically inefficient farmer reveals cost savings of 62 percent [i.e. 1-

(38.5/100)]. The mean allocative efficiency of the sample is 96.5 percent, with a low of 58.8 and a high 

of 100. The combined effect of technical and allocative factors shows that the average economic 

efficiency level for this sample is 78.5 percent, with a low of 35.8 percent and a high of 99 percent. This 

figure indicate that if the average farmer in the sample were to reach economic efficiency of its most 

efficient counterpart then the average farmer could experience a cost savings of 20.7 percent (i.e. 1-
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(78.5/99)]. The same computation for the most inefficient farmers suggests a gain of 64 percent in 

economic efficiency. [i.e. 1-(35.8/99)]. 

The sample frequency distributions indicate a clustering of economic and technical efficiency in 

the region 85-94 percent efficiency range and allocative efficiency in the region greater than 94 percent 

but less than 100 percent. The implication of the findings above is that given the production resources at 

the disposal of the women farmers, who are mainly small-scale and resource poor, the women food 

croppers in Ogun State of Nigeria are fairly efficient in the use of their resources. This result is in line 

with the findings of Bravo-Ureta and Rieger (1991). 

 
Table 2:Frequency Distribution of Economic (EE), Technical (TE) and Allocative 

Efficiency Estimates for Women Food Croppers in Nigeria. 
 

Levels EE TE AE 
100 
>94 < 100 
85 – 94 
75 – 84 
65 – 74 
55 – 64 
45 – 54 
35 – 44 
Mean (%) 
Minimum (%) 
Maximum (%) 

0 
22 
34 
22 
21 
12 
7 
2 
78.5 
35.8 
99 

1 
29 
34 
20 
19 
7 
8 
2 
81.3 
38.5 
100 

32 
70 
14 
2 
1 
1 
0 
0 
96.5 
58.8 
100 

Computed from results of data analysis, 2008. 
 
 To investigate the relationship between efficiency indexes and socio-economics variables, 

regression analysis was carried out. The variable of education showed positive relation with predicted 

efficiency in all the efficiency indexes though not significant in economic efficiency. The positive 

coefficient of education reveals that high level of education results in increases in technical, allocative 

and economic efficiencies of women food croppers. The negative coefficient for farming experience in 

technical and economic efficiencies implies that farmers with more years of experience tend to be less 

efficient. On the other hand, the positive coefficient for the farming experience in allocative efficiency 

implies that farmers with more experience tend to be more efficient. Experience in food crop production 

by women farmers was found to be insignificant in determining the economic efficiency of the farmers in 

the study area. 

 There was a positive relation between the number of contact with extension agent and economic 

efficiency. This implies that extension visit tends to increase the economic efficiency of women food 

croppers. The negative coefficient for extension visit in technical and allocative efficiencies implies that 
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farmers with more number of contact with extension agent tend to be less technically and allocatively 

efficient. Extension visit is significant in all the efficiency indexes. 

 Membership of social organization has a negative coefficient in technical and allocative 

efficiencies, indicating that members of social organization tend to be less technical and allocative 

efficient in food crop production. On the other hand, the positive coefficient for membership of social 

organization in economic efficiency implies that members of social organization tend to be more 

economically efficient in food crop production in the study area. Membership of social organization is 

insignificant in determining the technical efficiency of women food croppers in the study area. 

 The most striking conclusion that can be gleaned from the regression results shown in Table 3 is 

the lack of association between efficiency and some socioeconomic characteristics of the women food 

croppers in the study area. 

 

Table 3: Regression Results of Relationship between Efficiency Indexes and some 
Socioeconomic Variables. 

 
Variable TE AE EE 
Constant 
Education 
Experience 
Extension visit 
Membership of Social 
Organization 
Adjusted R2 

F 

0.41(0.41 
12.39(2.88)* 
-216.43(-
2.97)* 
-4.81(-2.52)* 
-1.004(-0.95) 
0.106 
5.113* 

8.03(4.59)* 
37.69(7.37)* 
13.67(16.73)* 
-21.46(3.83)* 
-3.84(-5.09)* 
0.178 
4.374* 

0.77(3.14)* 
0.33(1.12) 
-1.59(-0.47) 
2.63(1.89)* 
0.89(2.76)* 
0.262 
4.466* 

 
 The F-value is significant in all the efficiency indexes. This implies that technical, allocative 

and economic efficiency level of farmers is affected by their socioeconomic characteristics. 

CONCLUSIONS 

 This paper uses a stochastic efficiency decomposition methodology to derive technical, 

allocative and economic efficiency measures for a sample of women food croppers in Ogun State of 

Nigeria. This analysis shows an average economic efficiency of 78.5%, which reveals that there is 

considerable room for improvement in the productivity of the farms in the study area. The results of this 

study suggest that this sample of women farmers could increase output and, thereby, household income 

through better use of available resources given the state of technology. 

 Analysis of the relationship between efficiency and four socioeconomic variables revealed that 

efficiency levels are markedly affected by education, experience, extension visit and membership of 

social organization. This is supported by the result of the f-value which indicates that technical, 

allocative and economic efficiency level are affected by their socioeconomic characteristics. 
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