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Abstract 

The aim of the study was to compare economic efficiency of vegetable production and identify factors determining 

efficiencies level of vegetable producers under irrigated and rain-fed conditions in Kersa district of East Hararghe 

Zone, Oromia, Ethiopia. The cross-sectional data and collected from160farm households (80 irrigation users and 

80 irrigation non-users) randomly selected. The Stochastic and Tobit models were used to estimate efficiency 

levels for both farm groups in the study area. The results of the stochastic frontier model indicate that  the mean 

technical (TE), allocative (AE) and economic efficiency(EE) of irrigation users were 90%, 64% and 58%, 

respectively whereas the mean technical (TE), allocative (AE) and economic efficiency(EE)of irrigation non-user 

farm households were 74%, 54% and 40%, respectively. This indicates that irrigation users and irrigation non-

users could increase their vegetable production by 10% and 26%, respectively. Alternatively, they can reduce, on 

average, their cost of production by 36% and 46% for irrigation users and irrigation non-users, respectively. The 

results of the Tobit model revealed that education level, cooperative membership, farming experience, extension 

contact and soil fertility status were significantly determined resource use efficiencies of irrigation users and non-

users, respectively. Family size positively and significantly affects efficiency of irrigation users, but negatively 

related with the efficiency of irrigation non-user farm households. The findings show that irrigation users are 

relatively efficient as compared to irrigation non users, and a high degree of inefficiency for irrigation non users 

has been reported. Hence, it has been argued that  improve efficiency and productivity of the households requires 

eliminating inefficiency, particular, for irrigation non users by supplementing the rain-fed vegetable production 

through providing satisfactory institutional support such as rain-water harvesting and soil-water conservation 

techniques, expansion of irrigation and improved techniques of irrigation should be strengthened and empowered. 

Moreover, cooperatives and extension services should be strengthened to reduce the knowledge gap in resource 

allocation for vegetable production.  
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1. Introduction 

Agriculture is the mainstay of Ethiopian economy contributing about 40% of the GDP, 72.7% of employment and 

81% of the export (UNDP, 2015). Vegetable crops play a significant role in Ethiopia, both in income and social 

spheres for improving income and nutrition status. Further, it provides employment opportunities as their 

management being labour intensive. However, Ethiopian agriculture is dominated by rain-fed agriculture, where 

the performance of the sector is highly dependent amount and distribution of rainfall that makes the sector highly 

vulnerable to drought and other natural calamities. The use of improved technologies such as chemical fertilizer, 

improved seed, irrigation, is very low in Ethiopia (CSA, 2018).  

Vegetables are sources of vitamins, minerals and income for those involved in production and marketing. Its 

production gives an opportunity for intensive production and increases male and female farmer’s participation in 

the market (Emana and Gebremedihin, 2007). Ethiopia has favorable weather conditions for the production of a 

number of vegetable crops by small-scale as well as by commercial farmers in different parts of the country. In 

addition, the abundant labor, land and water resources give an opportunity for the production of vegetables both 

under rain-fed and irrigated conditions (Fekadu & Dandena, 2006). In Ethiopia, the area under vegetable crops 

was estimated to be 442,276.04 hectares with a total production of 53,001,366.96 quintals in the year of 2017/18.  

Moreover, Oromia region has diverse agro-ecology that is suitable for growing vegetable crops, and the area under 

vegetable crops was estimated to be 176,402.17 hectares with a total production of 21,348,216.86 quintals in the 

year of 2017/18 (CSA, 2018). 

East Hararghe Zone, proximity to market and availability irrigation water, encourage farmers to grow 

different vegetable crops both under rain-fed and irrigated condition, and in 2016/17 production year 220,903.00 

smallholder farmers were engaged in vegetable production, and 3,475,486.07 vegetables were produced in East 

Hararghe Zone (CSA, 2016). Vegetable production has significant contribution in supporting household income 

and used as source of food in zone. In the Kersa district, different vegetables are grown with different intensities 
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depending on environmental condition and level of marketability. Therefore, this study was aimed to compare 

economic efficiency of irrigation user and non-user vegetable grower farm households.  

 

2. Methodology  

2.1. Data and sample selection  
Both primary and secondary data were collected and used to determine production efficiency and factors that affect 

efficiency of irrigated and rain-fed vegetable production. Data related to household characteristics, input and 

output were collected using structured interview schedule. A multi-stage sampling technique was employed to 

analyze economic efficiency of small holder vegetable producers. Multi stage sampling procedure was employed 

to select Kebeles and sample households. Firstly, Kersa district was purposively selected due to its potential in 

irrigation water availability and vegetable production. Out of 12 Kebeles which are major vegetable producers 

under irrigation and rain-fed, 6 Kebeles were selected randomly. In the second stage, 160 farm households 

consisting of 80 irrigation users and 80 non-users were selected using random sampling technique taking into 

account probability proportional to size of the households. 

 

2.2. Method of data analysis 

Specification of the econometric models 

Stochastic frontier analysis was introduced by the pioneering work of Aigner et al. (1977) and Meeusen and Van 

Broeck (1977). The method recognizes component error term (random deviation and inefficiency) as major source 

of deviation from the production frontier. Hence, the stochastic frontier production function for this study is 

specified as follows: 

( )
ijijij xfY εβ += ,ln                                                                                                   (1) 

Where ln denotes the natural logarithm, i is the ith farm in the sample in the jth farm groups, Yij  denotes the 

value of vegetable output for ith farm in jth group, Xij  is the quantity of inputs used in the vegetable production by 

ith farm in the jth group, β -is parameters to be estimated, ( ).f  denotes an appropriate functional form, ijε -which 

is defined as ijε = ijv - iju , ijv -is the symmetric error component that  accounts for random shocks, while

iju , is a one sided error component that  accounting for inefficiency effect. Furthermore, Battese and Corra (1977) 

the log likelihood function of the model is specified as: 
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Similarly,  the significance of 
2δ  indicate whether the conventional average production function adequately 

represent the data or not. The parameters, β , σ2, γ
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 of the stochastic production function specified in equation (4) 

was estimated using maximum likelihood (ML), which is consistent and asymptotically efficient (Coelli et al., 

1998).  

The production function could be estimated through an alternative form, called dual, such as cost or profit 

function. According to Arega and Rashid (2005), inadequate farm level price data together with little or no input 

price variation across farms in Ethiopia precludes any econometric estimation of a cost function through 

application of Cobb-Douglas production function. Even though Cobb Douglas model assumes unitary elasticity of 

substitution, constant production elasticity and constant factor demand; if the interest is to analyses the efficiency, 

it will have adequate representation of the technology and insignificant impact on measurement of efficiency 

(Coelli et al., 1998). When farmers operate small farms, the technology is unlikely to be substantially affected by 

variable returns to scale (Coelli, 1995). Given the assumption of Cobb-Douglas production function is self-dual 

(Xu, X., and Jeffrey, 1998). Thus, the dual cost frontier of the production function in equation (3) is given by: 
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Where i refers to the ith sample farm; j is number of farm groups; k is number of inputs; Cij is the minimum 

cost of production, Pij is a vector of ith input prices, sα  are vector of parameters to be estimated and 
*

ijY  is 

vegetable output value adjusted for noise (vij). 

Following the Bravo and Pinheiro (1997), adjusted output value (
*

ijY ) is estimated by:  

( )
ijijijijijij vYuXfY −=−= β,*

                                                                              (4)      

Sharma et al. (1999) suggested that assuming the self-dual Cobb Douglas production function, the dual cost 

frontier is derived algebraically and can be written in the following form: 

( )ijijijij YPfC α,, *=                                                                                           (5) 

 

Where Cij, 
*

ijY , Pij and ijα  are described above. 

The economically efficient input vector for ith farm, ijeX , is derived by applying Shephard’s Lemma 

( Shephard, 1970 cited in Jema, 2008; Nyagaka et al., 2011) and substituting the farm’s input price and adjusted 

output level into the derived system of input demand  equations given: 

( )ijijijieijij YPXPC α,, *=∂∂                                                                                     (6) 

Where, ijC ,
*

ijY  ,  and ijα  are as described above. 

The observed, technically and economically efficient costs of production of the ith farm are then equal to 

ijij PX∑
,
 ijijt PX∑ and ijijePX∑ ; respectiveslly.  According to Sharma et al. (1999), these cost 

measures are used to estimate the technical, allocative and economic efficiencies index for ith farm in the jth group, 

respectivelly. Hence, the ith farm in the jth group of technical (TE), allocative (AE) and economic efficiency (EE) 

was obtained as follows:       
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i-is the number of sample households in the jth groups (j=1, 2), 

Yij -represents the vegetable output value (in Birr) for ith households in the jth group of farms, 

Aij – Iij is the explanatory variables by the ith farmer in jth group,  

 Vij -is random variation in output value due to factors outside the control of farmers, 

uij -non-negative random variable which captures the inefficiency effects of ith household in the jth group of farms 

in the study area. 

Thus, in this estimation procedure, once the efficiency score obtained the determinants of efficiency estimated 

in the second stage, the efficiency score was regressed against farm specific factors using Tobit model. Previous 

studies widely used Tobit model to analyze the effect of farm specific factors on efficiency level of farm 

households by Jema (2008), Bamlaku et al. (2009) and Mussa et al. (2011). Therefore, to assess the effect of, 

socio-economic and institutional factors on farmers’ resource use efficiency, Two Limit Tobit model was used as 

the efficiencies scores lie within the range of 0 and 1. At the distribution of the estimated efficiencies is censored 

from above at the value 1. Then, following Gujarati (2004) the Tobit model was estimated as follows:  

νδδ +Ζ+= ijijijE 0

*
                                                                                            (11) 

( )*,0max EEij =  
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11 * ≥= ijij EifE , 1** <= EifEE ijij  

Where, Eij is an efficiency score (TE, AE and EE) of the ith household in jth group of farms, 0δ and δij is 

parameters to be estimated; Zij is socio-economic and institutional variables that  affect farm households’efficiency 

and V is a random error term, assumed to be N (0,
 

2δ  ) and 

*

ijES
is the latent variable.  

 

3. Results and Discussion 

3.1. Econometric Model Results 

The multi-collinearity test using Variance Inflation Factor (VIF) showed the absence of a severe multi-collinearity 

in each and in all cases, it was found to be the value of VIF less than 10. This indicates that there were no serious 

multi-collinearity problems among the explanatory variables that entered into the frontier and Tobit model. Table 

1 showed the specification tests were conducted to assess various assumptions related to the model specification 

and to check the fitness of the model.  

Table 1. Summary of the test of hypothesis about assumption stochastic frontier model  

Null hypothesis             Irrigation users (n=80) Irrigation non-users(n=80) 

LR-value Critical value 

(χ2) 

LR-value Critical value       

(χ2) 

H0: µij = 0 1.59              3.84**                     2.21                 3.84** 

H0: γij =0 23.41             3.84**                     26.35               3.84**            

H0: δ1 =…= δ14/δ15=0 51.85             24.99**                    68.73              23.68**  

Source: Own computation, 2017 

 

3.2. Estimation of production and cost functions 

Maximum Likelihood (ML) parameter estimates of the stochastic frontier Cobb-Douglas production function for 

both farm groups are summarized and presented in Table 2. The estimate for the variance parameters, σ2 is 0.126 

for irrigation users and 0.335 for irrigation non-users sample households is significantly different from zero at 1 % 

for both farm groups. This indicates statistical confirmation of our presumption that there are differences in 

efficiency and the correctness of the specified distributional assumption of the composite error term.  

Table 2. ML estimated Cobb-Douglas stochastic frontier production function  

Variables Irrigation-user (n=80) Irrigation-non user (n=80) 

Coefficients Std. error Coefficients Std. error 

Constant 3.038***                  0.231                 2.377***                      0.131     

Land (hectare) 0.231**                  0.051               0.133**                     0.042 

Labour (MD/hectare) 0.249***                 0.042               0.256***                     0.035 

Oxen-pair day 0.019                   0.028             0.152**                     0.079    

Fertilizer (kg/hectare) 0.127**                  0.034                0.063                     0.541 

Seed (Birr/hectare) 0.365***                  0.029                 0.239***                    0.018    

Pesticides (lt/hectare)   0.195**                  0.047                 0.125                     0.514 

Irrigation (number) 0.208***                  0.023                   -      - 

Manure (qt/hectare)    0.047               0.305                   0.137**                0.104 

Inefficiency effect model           -        -        -        - 

Sigma-squared (σ2) 0.126***                    0.027              0.335***                    0.062 

Gamma (γ)                                    0.624***                    0.076              0.561***                   0.041                  

Return to scale                              1.441***                        -             1.205**                          - 

Log likelihood value                    -129.76                               - 18.09         - 

Source: model output, 2017, *significant at 10% level; ** significant at 5% level;*** significant at 1% level of 

significance 

The dual cost function which is derived analytically from the stochastic production function has been 

summarized in Table 3. The estimated values of gamma (γ) are 0.714 and 0.826 for irrigation user and non-user 

households, respectively and significant at 1 % level of probability. This implies that about 71 and 82.6 % of the 

variation in the total production cost is due to differences in their cost efficiencies for irrigation users and non-

users, respectively.  
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Table 3. ML estimated Cobb-Douglas stochastic frontier cost function 

Variables Irrigation-user (n=80) Irrigation-non user ( n=80) 

Coefficients Std. error Coefficients Std.error 

Constant                               5.363***                 0.442                   3.795**                       0.351    

Cost of land (Birr/hectare)   0.203***                 0.017                   0.126**                       0.039           

Cost of labour (Birr/day)              0.245***                 0.032                  0.179**                      0.054 

Cost of a pair of oxen (Birr/day)                  0.041             0.340                0.259***                      0.061   

Cost of fertilizer (Birr/kg)        0.321***                0.021                  0.248                       0.321   

Cost of seed (Birr/kg)                       0.291***                0.044                 0.235***                      0.040 

Cost of pesticide  (Birr/lt)                    0.132***                0.023                  0.114**                       0.050   

Cost of irrigation (Birr/hectare)                          0.015**                     0.011                  -    -                       

Cost of manure (Birr/qt)                              0.027*                0.012               0.012**                       0.007   

Vegetable output value (Birr/hectare) 0.684*** 0.150 0.427** 0.133 

Inefficiency effect model -        -          -       - 

Sigma-squared (σ2) 0.637***                 0.037                  1.059***                     0.081 

Gamma (γ)                                    0.714***                  0.056               0.826***                      0.124 

Log likelihood value                    125.7     - 128.22 - 

Source: Model result, 2017, *significant at 10% level; ** significant at 5% level; *** significant at 1% level of 

significance 

 

3.3. Estimation of efficiency scores  

The results of the efficiency scores indicate that there were wide ranges of variability in technical (TE), allocative 

(AE) and economic efficiency (EE) among vegetable producer farm households of both groups. The mean TE was 

estimated to be 90 % with a large range of 46 to 100 %, and 74 % with a large range of 34 to 97 % for irrigation 

user and non-user sample households, respectively in the study area (Table 4). 

The revealed that the irrigation user sample households are relatively technically efficient as compared to 

non-user households with 16 % gap in mean TE between the two groups. The result indicates that on an average 

the irrigation user and non-user sample farmers tend to realize around 90% and 74% of their technical abilities, 

respectively. Hence, 10% and 26% of the technical potentials are not realized for irrigation users and non-users, 

respectively. Therefore, it is possible to improve the production level of farms by 10% for irrigation users and 26% 

for irrigation non-users, respectively following efficient crop management practices without increasing the level 

of input application. Alternatively, the irrigation users and non-user sample households, on average, can increase 

vegetable output value by 10% and 26%, respectively given the existing level of inputs and state of technology. 

The result of this study further revealed that irrigation water availability might be shifts the production frontier to 

a higher level through reducing risk of crop failure due to moisture stress and also enhancing intensification of 

input use. Hence, in the study area if irrigation user farmers are realizing the 10% of the technical potentials, 

irrigation user farmers may be shifting their production frontier to a higher level.  

The mean allocative efficiency (AE) for irrigation users and non-user households were 64% and 54 % with a 

large range of 24 to 94 and 29 to 95 %, respectively with 10 % gap in average allocative between the two groups 

in the study area, and the estimated overall average allocative efficiency was 60% (Table 4). This implies that both 

irrigation user and non-user farm households faced severe allocative inefficiency problems. However, irrigation 

user households were relatively allocatively efficient, as compared to irrigation non-user households due to the 

availability of irrigation water improve their decision making on the combination of inputs used with the existing 

market conditions. The mean AE of 64% and 54 % indicates that if irrigation user and non-user farmers operate at 

full allocative efficiency levels, they can save, on average, 36% and 46% of their current cost of inputs by behaving 

in a cost minimizing way, respectively and gain same benefits. The study further yielded that the mean economic 

efficiencies (EE) of 58% and 40% for irrigation user and non-user farm households, respectively. The 58% and 

40% mean EE implies that the total cost of production of the farmers could be reduced, on the average, 42% and 

60% for irrigation users and non-user farmers, respectively.  

The study revealed that sample households which mainly differ in their access to irrigation facilities, had 16, 

10 and 18 % difference in their mean TE, AE and EE, respectively. In general, the result of this study revealed that 

vegetable grower farmers are less efficient with respect to AE and EE as compared to TE. This indicates that 

farmers are looking only for maximizing the vegetable output value without any consideration to allocate inputs 

in the cost minimizing manner or profit maximizing. As a result, there was low average EE score, which was 

attributed to both technical and allocative inefficiency of producers. However, the mean value of TE of both farm 

groups was higher as compared to their AE in the study area. However, low level of AE was highly contributed to 

low level of mean EE of vegetable grower farm households. The estimate of TE, AE and EE are consistent with 

the finding of (Jema, 2008; Mekombe et al., 2007) 
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Table 4. Summary of estimated efficiency scores of the sample households  

Efficiency Scores Irrigation user (n=80)         non users (n=80) Overall (n=160) 

TE           AE         EE TE           AE         EE TE          AE         EE 

Mean 0.90         0.64        0.58         0.74        0.54        0.40         0.82        0.60       0.49 

Maximum 1.00         0.94        0.94         0.97        0.95        0.92         1.00       0.94       0.94 

Minimum   0.46         0.24        0.11         0.34        0.29        0.10         0.32        0.31       0.10 

SD   0.12         0.21        0.17         0.20        0.19        0.20         0.17        0.21       0.20 

CV 0.13 0.34 0.29 0.27 0.35 0.50 0.21 0.35 0.41 

Source: Model output, 2018 

 

3.4.  Determinants of efficiency of vegetable producer farmers 

The results of tobit model showed that educational level of a farmer, and practices of technologies have positive 

and significant impact on economic efficiency at 5% level for irrigation users but insignificant for non-users. This 

indicates that irrigation user farm level economic efficiency can be increased by providing strengthening schooling 

and training. Cooperative membership: as expected, the results in Table 5 indicate that membership of 

cooperative has a positive and statistically significant influence on economic efficiency of vegetable farmers at 5% 

significance level for both farm groups which suggests that farmers being membership of cooperatives tend to 

improve farmers’ resource use efficiency as cooperatives being a source of quality inputs, information and market 

for their products.   

Family size: from Table 10family size negatively and significantly affected the economic efficiency of vegetable 

farmers in the study area at 5% significance level. This implies that farm household’s with large family is 

inefficient as compared to households with small family in the study area. The result is agreed with findings of 

Jema (2008) and Jude et al. (2011). The estimated coefficient for farm size has a negative sign for economic 

efficiency and significant at 5% levels of probability for irrigation non-users and positive and significant at 10% 

for irrigation users (Table 5). These results imply that farmers of the study area experienced with small land size 

this might be forced to use the existing land intensively and results smallholder farmers were more efficient as 

compared to farmers owened large size of land. The result agrees with findings of Jude et al. (2011) and Mussa et 

al. (2011).  

Vegetable farming experience is positively and significantly affecting resource use efficiency of vegetable 

grower farmers in the study area at 5% and 10% significance level for irrigation users and non-users, respectively 

(Table 5). The results suggesting that the more experienced farmers are efficient in resource use, because the 

knowledge and skills that develop over time would help farmers to use available inputs in efficient manner.  Access 

to irrigation: the overall sample analysis as indicated in Table 5, the estimated coefficient for access to irrigation 

was highly significant and positively related to economic efficiency of vegetable grower farmers in the study area. 

This implies that farm households who have irrigation water for their vegetable crops appeared to be more 

economically efficient because farmers easily manage production risk due to rainfall variability in the study area.  

Extension contact: the overall sample analysis indicates that the variable significantly and positively affects the 

efficiency of farm households at 5% significance level in the study area (Table 5). This implies that a farmer who 

receives regular extension visits from extension agents appear to be more efficient. The result further shows that 

the advice from extension agents plays an important role in improving farmers’ resource use efficiency in study 

area. The result is consistent with findings of (Jema, 2008; Nyagaka et al. (2011).  Fertility of the land: in the 

same way as indicated in Table 16, the overall sample analysis shows that the effect of fertility status of land 

allocated to vegetable crops statistically significant and affected efficiency level positively at 1% significance level 

(Table 5). This implies that the fertility of land is a significant factor in determining the level of efficiency.  
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Table 5. Tobit model estimated for determinants of economic efficiency  

Variables     Irrigation users (n=80) Non- users (n=80) Overall (n=160) 

Coefficients (t) Coefficients(t) Coefficients(t) 

Constant                                  0.555 (3.09) ***           0.945(4.25) ***          0.728 (4.84) *** 

Sex of household                 0.002(0.70)                    0.014 (0.09)                 0.002(0.64)     

Age of household              -0.002(-0.61) -0.033(-0.93)                    -0.002(-0.74) 

Education level of household                 0.022(2.64) **               0.045(0.33)                   0.012(1.42) 

Cooperative membership                       0.043(3.11) ***             0.029(2.50) **              0.079(1.94) ** 

Total family size                 0.002(1.73) * -0.038(-2.71) ** -0.039(-2.48) ** 

Total farm size                   -0.012 (-1.88) ** -0.029(-2.33) ** -0.049(-2.46) **  

Vegetable farming experience   0.007(2.16) **               0.004(1.78) *                0.009(2.62) ** 

Access to irrigation - - 0.020(3.26) *** 

Credit access                        0.012(0.28)                 -0.026(-0.44)  0.017(0.49)              

Extension contact                     0.013(2.46) **              0.021(1.97) **             0.017(2.23) ** 

Distance from market center        -0.006(-0.26) -0.002(-0.39) -0.009(-0.42) 

Total livestock owned          0.002(0.94)                    0.014(1.20)               0.015(1.33)    

Off/non-farm activity          0.002(0.87) -0.014(-0.88) -0.068(-0.53) 

Land fragmentation            -0.033(-1.66) -0.015(-0.41) -0.015(-0.79)     

Soil fertility status  0.006(2.12) **              0.081(4.69) ***             0.044(2.32) ** 

Log pseudo likelihood =    -45.841                           23.172                          -53.469 

Sources: Model results, 2017. *significant at 10% level; ** significant at 5% level;*** significant at 1% level of 

significance 

 

4. Conclusions and recommendation 

The study was designed to estimate and compare efficiency and to examine factors contributing to the variation in 

efficiency among the irrigation user and non-user vegetable producers in the Kersa district. The results obtained 

from the stochastic frontier model showed that the mean technical efficiency for irrigation users was 90% while 

for irrigation non-user households is 74%. Similarly, the mean allocative efficiency was 64% and 54% for 

irrigation users and non-user farmers, respectively, and the result further indicated that the mean economic 

efficiency was 58% and 40% for irrigation users and non-users, respectively. The results of the Tobit model 

revealed that education level, cooperative membership, family size, experience in vegetable farming, access to 

irrigation, extension contact, livestock holding and soil fertility status are found to be positively, but farm size was 

negatively and significantly influenced resource use efficiency of vegetable farm households in the study area. 

Cooperative membership was positively and significantly related to resource use efficiency for both farm groups. 

Therefore, there should be policy intervention to strengthening or building the capacity of the existing cooperatives 

by providing institutional support to accommodate more farmers into and facilitating farmers to be the member of 

the existing cooperatives nearby which they can get access to inputs and markets for their products to get the 

expected benefit.    

On the other hand, the positive and significant coefficient of family size suggests that increase in family size 

may increase resource use efficiency of irrigation users and the inverse is for irrigation non-users in the study area. 

This show that large family size easily addresses labour constraints on the farms, and availability of irrigation is 

intensifying family labour use and encourages farmers to allocate family labour efficiently. Farm size is negatively 

associated with the resource use efficiency for both farm groups in the study area. This could imply that households 

with small farm size were more efficient than households with large farm size. Therefore, farm households with 

large farm size should be applying the appropriate agricultural operations at a time and combine their resources in 

a better way which lead to improve efficiency.  

Access to irrigation is playing a significant role in farmers’ efficiency. As a result, for rain-fed vegetable 

producers by upgrading the rain-fed production should be supplemented by irrigation through providing 

satisfactory institutional support such as rain-water harvesting and soil-water conservation techniques, expansion 

of irrigation and improved techniques of irrigation should be strengthened and empowered. Extension contact has 

a significant and positive effect on resource use efficiency of vegetable producers in the study area. Therefore, 

efforts should be made to strengthening the existing extension service provided to farmers by upgrading knowledge 

of extension workers through providing short- and long-term training, and should focus on innovative extension 

delivery systems that enhance farmer’s accessibility to effective extension services.  
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