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ABSTRACT 

 
A study was conducted in the Department of Economics, University of 
Sargodha, Sargodha, Pakistan during the year 2008 to determine technical 
efficiency of off-seasons cauliflower growers. Two villages (Anga and Khoura) 
of Soone Valley, district Khushab, Punjab were selected. Frontier production 
function was used and its parameters were estimated with maximum 
likelihood estimator. Cobb Douglas production function was found as an 
appropriate method for given data set. Production elasticity showed that 
irrigation, labor, plant protection measures, farmyard manure and tractor 
hours had positive impact on cauliflower production. Education showed 
positive effect on technical efficiency irrespective of growing season. Age and 
experience of cauliflower growers were negatively related to their technical 
efficiency. Mean technical efficiency was 70 and 83 percent, respectively in 
off-season I and off-season II indicating a great potential to increase 
cauliflower production, with available resources and technology. Maximum 
and minimum level of technical efficiency in off-season I was 0.39 and 0.99 
while in off-season II it was 0.48 to 0.99, respectively. The results implied that 
small farmers were more efficient due to better utilization of available 
resources as compared to medium and large farmers. 
 
KEYWORDS:  Brassica oleracea; production potential; Punjab; Pakistan. 
 

INTRODUCTION 
 
The nature has blessed Pakistan with different seasons, geographical zones 
and adequate resources for food production. We have also sufficient labor 
force that can be utilized for intensive cultivation to improve food security at 
one hand and reduce poverty on the other. Vegetable production is one form 
of intensive cultivation that can be opted in all seasons.  It further offers a 
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good strategy to reduce poverty as well as to overcome food security due to 
small landholdings and labor in rural areas. The average annual per capita 
vegetable consumption in Pakistan is 45.6 kg (5). It shows a gap of 27.4 kg 
per capita consumption on the base of WHO recommendations (73 
kg/capita/annum). 
 
Vegetable production in Pakistan is very low. Our neighbour country India 
with almost similar agro-climatic conditions is the second largest vegetable 
producer in the world, while Pakistan ranks 48th and 42nd with respect to 
acreage and production of vegetables, respectively. Pakistan contributes 
only 0.44 percent to world vegetable production and ranks 19th in cauliflower 
production in the world (6). 
 
Punjab contributes 63 percent to vegetables area (7270 ha) and about 74 
percent to production (156880 t). Vegetables alongwith high returns to 
farmers carry high production risks as compared to other crops (4, 27). 
Vegetable crops production under fadama farms gives highly technical 
efficiency and average scale efficiency (19). In Pakistan, two main factors 
are responsible for less vegetable production; one is less acreage under 
vegetables and second is low per acre yield, due to inefficient utilization of 
inputs. For the increase in profitability and competitiveness, efficient 
utilization of the given resources is a dire need. 
 
In Soone Valley, district Khushab mostly off-season vegetables are grown. 
The main advantage is contributed by the climate that is well suited for off-
season vegetables. Off-season vegetables fetch good price but face risk of 
pests attack causing decline in production or even crop failure. The price 
fluctuation is also remains very high during off-season. 
 
The present study was planned to measure the technical efficiency of off-
season cauliflower production in Punjab. The factors causing low production 
of cauliflower have also been investigated in the study. 
 

METHODOLOGY 
 
This study was conducted in the Department of Economics, University of 
Sargodha, Sargodha, Pakistan during the year 2008. Off-season crop-I 
(Jan/Feb-April) was cultivated on 1175 acres with a production of 7740 tons. 
While off-season crop-II (May-August) was cultivated on 1315 acres with a 
production of 8285 tons (6). A well structured, field pre-tested 
comprehensive interviewing schedule was used for collection of data. The 
survey data contained information on socio-economic characteristics and 
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production practices of the farmers. A total of 100 farmers selected from two 
villages (50 from each village) were interviewed about both off-seasons 
crops. 
Stochastic Frontier Production Function introduced by Meeusen and Brock 
(24) and Aigner et al. (3) was used as an analytical technique for measuring 
the technical efficiency of cauliflower production. The model for cross-
sectional data is given below:- 

 
Q i  =  f  ( M i , β ) e R i     i = 1, 2 ……… N      (1) 

    
Here Q i = output of the ith farm, Mi = vector of k inputs, β = vector of 

unknown parameter and Ri = error term 
 
The error term Ri is decomposed in two components i.e 

 
Ri  =  Ci  –  Di…….. (2) 

                                                            
Here Ci is a random error that captures random effect of measurement error 
in output, observation, statistical noise, external shocks and effect of 
stochastic  outside  farmer  control  e.g.  natural  disaster,  luck,  weather,  
etc. Di ≥ o is the asymmetric technical inefficiency measure that captures the 
technical efficiency of ith farmer. This error term easily assumed as, 
exponential, gamma or truncated-normal distribution and half-normal (3, 24).              
 
Maximum likelihood estimation (ELE) method was used to estimate the 
parameters of stochastic frontier production function with software Frontier 
4.1 (14, 15) for technical efficiency. It was assumed that technical 
inefficiency effect was independently distributed. In the stochastic frontier 
model, technical inefficiency effect, D  was expressed as  
                                

D δ = h i + g i   (3) 
 

hi = (1x P) vector of f farm’s specific variable affecting the 
efficiency of ith farm, 

 
δ = Parameter to be estimated  
 
g i = Represented unobservable random variables and  
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D = Normally distributed with N (0, σ2) and it was also assumed that 
it was normal and independently distributed (12). 

 
In this study, Cobb Douglas and translog production functional forms were 
specified and estimated. The empirical Cobb Douglas model and translog 
specification for the production frontier is given below:- 
                                                   7 

In Q i  =  β0 + ∑  βit  In Mit + Ci – Dit   i = 1, 2 ……… n      (4) 
                                                  i=1 

                                           and t = 1, 2, 3 
 

Qit  =   Dependent variable, measured in per acre yield of cauliflower. 

All the production inputs were taken in logarithms form on per acre basis. 
 

M1  =  Tractor (hours) 
M2  =  Quantity of seed (grams) 
M3   =    Plant protection measures (Rs.) 
M4 =   Farmyard manure (Rs.) 
M5 =   labor (man days) 
M6 =   Irrigation (acre inch) 
M7 =   NPK nutrients (kg) 

     β0………… β7 were the estimated parameters.  
 

Ci, represented the random variable with zero mean and constant variance 
σi and Di, was the non. negative random term (Di ≥ 0 ∀j) representing the 
technical inefficiency farmers assumed to be independently distributed such 
that the technical inefficiency effect for the farmers growing the cauliflower 
was obtained by truncation (at zero) of the normal distribution with Di and 
variance σ2, such that 
 
 
 

Dit = δ0 + δ1h1it + δ2h2it + δ3h3it + δ4h4it + δ5h5it + git……. (5) 
 
h1  =  Education (years) 
 

h2 =  Age (years) 
 

h3 =  Experience (years) 
 

h4 =  Dummy of access to credit 
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h5 =  Dummy of distance between the farm house and the farms 
 

    ' sδ =   The estimated parameters 
Likelihood ratio test 
 
The generalized likelihood ratio (LR) test was used to test the null 
hypothesis for choice of the frontier production function. The test was 
calculated as follows (17). 
 

LR ( λ ) = – 2 { In [ L ( H0 ) / L ( H1 ) ] }…….. (6) 
 
Here, L(H0) and L(H1) were the value of likelihood function showing the null  
and alternative hypothesis. (H0) : Y = λ0 = λ1 =……… = λ7 = 0 i.e. all 
variables were technically inefficient in the production of cauliflower.  

 
RESULTS AND DISCUSSION 

 
Stochastic Frontier Production Function estimation for cauliflower 
in off-season I 
 
Both Cobb-Douglas and Translog Production Function forms were used to 
estimate stochastic frontier production function and inefficiency effect model. 
Hypothesis tests were conducted for the parameters of stochastic production 
frontier model using the generalized likelihood-ratio statistic test to select the 
best form of measurement for the production function for given data set. The 
values of log likelihood function for Cobb Douglas and translog production 
function were 40.12 and 52.17, respectively (Appendix). The log-likelihood 
ratio test is given here;  
 
                                 LR = –2* (40.12 –52.17) = 24.10 
 
Here critical value of X2 is 40.34 with 21 degree of freedom at 0.05 percent 
probability level. The alternative hypothesis failed to accept and Cobb 
Douglas production frontier was the best form to represent the data. The 
results of maximum likelihood estimates (MLE) for the Cobb-Douglas 
production function and ordinary least square (OLS) were 40.12 and 16, 
respectively. The generalized likelihood-ratio statistic for testing 
nonexistence of the technical inefficiency effect from the frontier was 
calculated as; 
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                                 LR = –2*(16 – 40.12)   = 48.24  
 
The value was estimated from Frontier 4.1 and represented as the “LR” test 
of one sided error. The degree of freedom for this test was calculated as 
q+1, where q was the number of parameters, other than γ particular to be 
zero in H0. The calculated value exceeded the tabulated value taken from 
Kodde and Palm (22), therefore the value of “LR” test was found statistically 
significant. The null hypothesis of non-existence of technical inefficiency in 
seasonal cauliflower production was failed to be accepted. Maximum 
likelihood estimation of the parameters of Cobb Douglas model for off-
season 1 is presented in Table 1. 
 
Table 1. Ordinary least square (OLS) and maximum likelihood estimates (MLE) for 

cauliflower production in off-season I in Soone Valley (a Cobb Douglas 
Stochastic frontier function approach) 

 
 OLS coefficients MLE coefficients 

Variables Coefficients t-statistics Coefficients t-statistics 
Constant 5.390*** 3.821  5.883*** 4.41 
Tractor 0.049* 1.736 0.029** 2.257 
Seed 0.109*** 7.039 0.187*** 5.286 
Plant protection measures 0.274*** 2.700 0.246*** 2.601 
FYM 0.353*** 3.710 0.331*** 3.661 
NPK nutrients 0.283*** 3.990 0.243*** 2.676 
Irrigation 0.512*** 6.789 0.472*** 8.183 
Labour units 0.478** 2.055 0.467** 2.056 
*Coefficient is significantly different from zero at 0.10 probability level;  
**Coefficient is significantly different from zero at 0.05 probability level; 
***Coefficient is significantly different from zero at 0.01 probability level.   
 
The data (Table 1) showed that all parameters in MLE model are statistically 
significant at one percent probability level except tractor and labor which are 
significant at 5 percent probability level. The coefficient of tractor hours 
0.029 showed that for one percent increase in tractor hours cauliflower yield 
will increase by 0.03 percent. The seed coefficient showed that one percent 
increase in seed quantity improved yield by 0.18 percent. These results 
agree to those of Hassan et al. (18). The magnitude of plant protection 
measures indicated that additional rupee spent on pesticides can increase 
the yield of cauliflower by 0.25 percent. Further, one percent increase in 
farmyard manure increased yield of off-season I by 0.33 percent. Bakhsh et 
al. (9) have reported similar findings. 
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In OLS estimation all coefficients were significant at 1 percent probability 
level, only the tractor was significant at 10 percent probability level and 
labour coefficient at 5 percent probability level (Table 1). The model was 
fairly fit for the data of off-season I. The Cobb Douglas production function 
coefficients directly interpreted the output elasticity for each input.  
The production elasticity of NPK (0.243) showed that one percent increase 
in NPK nutrient caused a 0.24 percent increase in cauliflower yield. The 
positive coefficient of irrigation indicated that additional irrigation enhanced 
the cauliflower yield by 0.47 percent. These results are in line with those of 
Ahmad (2) and Bakhsh et al. (10).  The coefficient of labour showed that 
cauliflower is a labour intensive crop. One percent increase in labour units 
increased the cauliflower yield by 0.47 percent. Chithra et al. (13) and 
Bakhsh et al. (10) also reported similar results. 
 
Stochastic Frontier Production Function estimation for cauliflower 
in off-season II 
 
The values of log likelihood function for Cobb Douglas and translog 
production function in off-season II were 35.56 and 47.89, respectively. The 
following log-likelihood ratio test was applied; 
 

LR = -2* (35.56 - 47.89) = 24.66 

The LR value being greater than critical value of 2 40.34χ =  with 21 degree 
of freedom at 0.05 percent probability level, the null hypothesis was failed to 
reject .The Cobb Douglas production frontier was selected as the best form 
representing the data. The results of MLE for Cobb-Douglas production 
function and OLS were 35.56 and 18.70, respectively. The generalized 
likelihood-ratio statistic for testing the non-existence of technical inefficiency 
effect from the frontier was calculated as; 
 
                                    LR  = -2*(18.70 - 35.56) = 33.70.  
 
The value of “LR” test was statistically significant as its calculated value 
exceeded the tabulated value taken from Kodde and Palm (22). The null 
hypothesis of non-existence of technical inefficiency in off-season II 
cauliflower production was also not accepted. The MLE of parameters of 
Cobb Douglas model for off-season II are given in Table 2. 
 
The results (Table 2) further indicated that parameters of tractor hours, seed, 
plant protection measures, farmyard manure, irrigation and labour showed 
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positive sign and were statistically significant at one percent probability level. 
NPK nutrients coefficient also showed positive sign and statistically 
significant at 10 percent probability level. In OLS estimation, all were 
significant at 0.01 probability level except seed and NPK nutrients that were 
significant at 5 percent probability level. The magnitude of parameters 
showed that models were fairly fit for the data of off-season II cauliflower. 
The Cobb Douglas production function coefficients were interpreted directly 
as output elasticities. 
Table 2. Ordinary least square and maximum likelihood estimates for cauliflower 

production in off-season II (A Cobb Douglas Stochastic frontier function 
approach). 

 
 OLS coefficients MLE coefficients 

Variables Coefficients t-statistics Coefficients t-statistics 
Constant 8.173*** 7.744 8.174*** 7.394 
Tractor 0.509*** 4.411 0.632*** 3.323 
Seed 0.184* 1.648 0.342*** 3.624 
Plant protection 
measures  0.524*** 2.890 0.400*** 7.820 

FYM 0.540*** 8.121 0.490*** 7.174 
NPK nutrients 0.194* 1.725         0.192* 1.703 
Irrigation 0.570*** 7.245 0.533*** 7.136 
Labor units 0.533*** 3.191 0.507*** 2.877 
*Coefficient is significantly different from zero at 0.10 probability level;  
**Coefficient is significantly different from zero at 0.05 probability level; 
***Coefficient is significantly different from zero at 0.01 probability level.   
 
The highest output elasticity was shown by tractor hours (0.632) implying 
that one percent increase in tractor hours for land preparation augmented 
cauliflower yield by 0.63 percent. The coefficients of seed (0.342) showed 
that one percent increase in seed enhanced the cauliflower yield by 0.34 
percent. These results are consistent with those of Bakhsh et al. (8). The 
plant protection measures coefficient (0.400) showed that cauliflower yield 
increased by 0.40 percent for one percent increase in plant protection 
measures as reported by Hassan, et al. (18).   The coefficient of farmyard 
manure showed the importance of FYM by increasing cauliflower yield by 
0.49 percent for one percent increase in its application, in case of off-season 
II as observed similarly by Bakhsh et al. (9). The production elasticity of NPK 
nutrients was 0.194. It indicated that one percent increase in NPK nutrients 
improved cauliflower yield by 0.19 percent. The output elasticity of irrigation 
(0.533) followed by labour units (0.507) indicated that yield increased by 
0.53 and 0.5 percent for one percent increase in both factors of production, 
respectively as reported by Bakhsh et al. (9).  The irrigation and labour were 
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the major contributors in yield of off-season II cauliflower. Olarinde et al. (25) 
have reported similar findings. 
 
Technically inefficiency effects 
 
The technical inefficiency model was evaluated to investigate the 
determinants of inefficiency. The coefficient of years of schooling was 
statistically significant at various significance levels but with different signs 
(Table 3). In off-season I it showed positive relationship with technical 
inefficiency while negative relationship with inefficiency in off-season II. The 
negative sign showed that in off-season II the educated farmers were more 
efficient as compared to illiterate farmers due to good farm management 
practices and technological information (Table 4). These results agree to 
those of many workers (1, 2, 16, 21, 29, 30). 
 

Table 3. Maximum likelihood estimates of technical inefficiency model 
for cauliflower production off-season I. 

 

Variables Coefficients t-statistics 
Constant -0.738 -1.262 
Education 0.299* 1.824 
Age -0.068 -1.058 
Experience 0.043*** 4.720 
Credit dummy 0.043*** 4.720 
Distance dummy -0.150** -2.400 

Sigma-squared ( 2σ ) 
0.071*** 7.108 

Gamma (γ )   0.760** 2.422 

Mean efficiency 0.70 
*Coefficient is significantly different from zero at 0.10 percent probability level;  
**Coefficient is significantly different from zero at 0.05 percent probability level; 
***Coefficient is significantly different from zero at 0.01 percent probability level.   
 
Table 4. Maximum likelihood estimates of technical inefficiency model 

for cauliflower production in Soone Valley (off-season II) 
 

Variables Coefficients t-statistics 
Constant -0.843 -0.531 
Education -0.355** -2.164 
Age 0.413*** 4.532 
Experience 0.118*** 5.341 
Credit dummy 0.208*** 3.247 
Distance dummy 0.144*** 9.732 

Sigma-squared ( 2σ ) 0.094* 1.751 

Gamma (γ ) 0.892*** 19.939 
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Mean efficiency 0.83 
*Coefficient is significantly different from zero at 0.10 percent probability level;  
**Coefficient is significantly different from zero at 0.05 percent probability level; 
***Coefficient is significantly different from zero at 0.01 percent probability level.   

 

The age of cauliflower growers also showed positive relationship with 
technically inefficiency. Parikh et al. (26) and Olarinde et al. (25) also 
observed that age was positively related to technically inefficiency, the older 
cauliflower growers were technically more inefficient being traditional and 
less willing to adopt new production technology than younger ones. In case 
of off-season I, age showed negative relationship with inefficiency, in 
contrary to results of Javed et al. (20) who showed positive relationship 
between age and production inefficiency. 
The estimated coefficient of experience variable showed that as number of 
years spent in cauliflower production increased, the technical inefficiency 
increased parallel to this in all seasons of cauliflower production. The 
distance dummy variable showed a positive and significant effect on 
efficiency. The farmers living in villages (distant from farms) were technically 
inefficient than the farmers living on farms in both seasons. The credit 
dummy showed that farmers getting credit were more inefficient in off-
season II as compared with the same class of farmers in off-season I. 
 
Variance parameters 
 

The variance parameters 2σ  and γ  estimators are significantly different 
from zero explaining variation in the dependent variable. This finding was 
consistent with the theory that true value of γ -value should be greater than 
zero and less than one. The share of one-sided error in total variance (γ  ) 
was 76 and 89 percent for off-season I and off-season II, respectively (Table 
3 and 4). These results showed that technical inefficiency effects 
significantly affected the cauliflower production. 
 
Technical efficiencies of cauliflower production in different off-seasons 
 
Minimum level of technical efficiency in off season I was 0.39 and maximum 
level was 0.99 (Table 5). While mean technical efficiency of off-season I 
crop was 0.70. Nearly 16 out of 100 farmers of off-season I were below 50 
level of technical efficiency, 35 farmers fell in 50-70 range of technical 
efficiency level while only 6 cauliflower growers were  above 90 percent 
technical efficiency level. This showed that there was greater chance to 
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increase per acre yield of cauliflower production provided technical efficiency 
is improved. 
 

Table 5. Frequency distribution of technical efficiency 
estimates for off-season I and II growers. 

 
Technical efficiency levels Off-season I Off-season II 

<0.50 16 03 
0.50-0.70 35 11 
0.70-0.80 29 22 
0.80-0.90 14 30 

>0.90 06 34 
Mean 0.70 0.83 

Minimum 0.39 0.48 
Maximum 0.99 0.99 

 
Cauliflower growers in off-season II were technically more efficient than off-
season I growers with mean technical efficiency 0.83 percent and the range 
of minimum and maximum technical efficiency was 0.48 to 0.99 percent 
(Table 5). Only 3 cauliflower growers were operating below 50 percent level 
of technical efficiency, while 30 farmers in the range of 80 to 90 percent 
technical efficiency level and 34 farmers at above 90 percent level. It 
indicates that only few farmers faced some problems of technical 
inefficiency. Most of the farmers were technical efficient because in off-
season II, value of cauliflower was high. Due to high value, the farmers used 
more inputs to fetch more output and higher profit. The results suggested 
that off-season II farmers were technically more efficient which indicated that 
17 percent increase in cauliflower yield was feasible with the better utilization 
of input resources and technology. The estimated efficiency of individual 
growers of off-season I and off- season II are shown in Table 6 and Table 7. 
 
Table 6. Technical efficiencies of off-season I growers 
 
Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

1 0.565 26 0.782 51 0.589 76 0.783 
2 0.684 27 0.933 52 0.766 77 0.500 
3 0.567 28 0.559 53 0.451 78 0.822 
4 0.471 29 0.888 54 0.991 79 0.959 
5 0.682 30 0.420 55 0.488 80 0.570 
6 0.753 31 0.777 56 0.582 81 0.797 
7 0.869 32 0.771 57 0.751 82 0.640 
8 0.684 33 0.784 58 0.486 83 0.700 
9 0.790 34 0.760 59 0.675 84 0.477 
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10 0.865 35 0.670 60 0.654 85 0.555 
11 0.684 36 0.676 61 0.538 86 0.869 
12 0.758 37 0.787 62 0.794 87 0.729 
13 0.700 38 0.489 63 0.837 88 0.969 
14 0.778 39 0.892 64 0.770 89 0.466 
15 0.866 40 0.594 65 0.768 90 0.774 
16 0.756 41 0.687 66 0.661 91 0.956 
17 0.880 42 0.684 67 0.592 92 0.887 
18 0.947 43 0.458 68 0.662 93 0.730 
19 0.634 44 0.550 69 0.846 94 0.520 
20 0.456 45 0.478 70 0.460 95 0.644 
21 0.693 46 0.399 71 0.681 96 0.709 
22 0.692 47 0.727 72 0.631 97 0.676 
23 0.832 48 0.668 73 0.774 98 0.684 
24 0.767 49 0.679 74 0.698 99 0.589 
25 0.746 50 0.469 75 0.392 100 0.436 

Mean technical efficiency = 0.70 
Table 7. Technical efficiencies of off-season II growers. 
 

Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

Farmers 
number 

Technical 
efficiency 

1 0.541 26 0.678 51 0.928 76 0.723 
2 0.487 27 0.869 52 0.870 77 0.915 
3 0.859 28 0.911 53 0.944 78 0.927 
4 0.790 29 0.916 54 0.822 79 0.892 
5 0.679 30 0.783 55 0.958 80 0.883 
6 0.949 31 0.752 56 0.945 81 0.873 
7 0.620 32 0.921 57 0.959 82 0.789 
8 0.722 33 0.908 58 0.880 83 0.661 
9 0.980 34 0.840 59 0.871 84 0.829 
10 0.757 35 0.825 60 0.831 85 0.901 
11 0.640 36 0.638 61 0.924 86 0.933 
12 0.859 37 0.941 62 0.836 87 0.969 
13 0.787 38 0.933 63 0.938 88 0.847 
14 0.885 39 0.886 64 0.770 89 0.944 
15 0.619 40 0.874 65 0.789 90 0.945 
16 0.775 41 0.920 66 0.839 91 0.686 
17 0.868 42 0.894 67 0.957 92 0.484 
18 0.772 43 0.928 68 0.788 93 0.776 
19 0.765 44 0.936 69 0.959 94 0.896 
20 0.855 45 0.932 70 0.922 95 0.865 
21 0.747 46 0.730 71 0.852 96 0.777 
22 0.845 47 0.892 72 0.621 97 0.828 
23 0.986 48 0.877 73 0.876 98 0.739 
24 0.760 49 0.970 74 0.655 99 0.490 
25 0.773 50 0.953 75 0.782 100 0.929 

 Mean technical efficiency = 0.83 
 
Technical efficiency and farm size 
 
Technical efficiency was estimated according to farm size. For this purpose 
farms were categorized into three types on the basis of operational land 
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holdings of cauliflower farms such as small, medium and large. Farmers with 
less than 3 acres land were considered small farms, 3-10 acres medium 
farms and above 10 acres farms were category as large farms. Nearly 50 
farms in each season fell under small farms categories, 28 in medium and 
22 in large farm size category.  Mean technical efficiency estimates with 
respect to farms size are shown in Table 8. 

 
Table 8. Mean technical efficiency estimates for different cauliflower 

growers according to farm size. 
 

Cauliflower seasons Farm size 
 Small Medium Large 
Off-season I 0.93 0.75 0.76 
Off-season II 0.90 0.83 0.82 

 
The results indicated that small farmers were more efficient due to better 
utilization of available resources as compared to medium and large farms in 
both seasons. Kompas (23) has reported similar results. 
 

CONCLUSIONS 
 
The results implied that magnitude of production elasticities of all inputs in 
off-season II were more than off-season I. The coefficient of both seasons 
inputs were positive showing positive impact on cauliflower production. The 
high magnitude of production elasticities of all variables except tractor 
showed that these resources were scarce. The use of these resources was 
sub optimal. There is a need to enhance the resource use efficiency of these 
inputs to increase their productivity. 
 
The results of technical inefficiency models conclude that age variable in off-
season I and education in off-season II were negatively related to technical 
inefficiency. The variables experience, credit dummy and distance dummy in 
both seasons were positively related to technical inefficiency. The mean 
technical efficiency in off-season I and off-season II were 70 and 83 percent, 
respectively showing capacity for improvement in per acre yield of 
cauliflower using available resources efficiently. 
 

RECOMMENDATIONS 

• Technical inefficiency can be reduced by educating the cauliflower 
growers, as they can use the latest techniques and utilize given 
resources efficiently.  
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• The policies designed to educate cauliflower growers through proper 
agricultural extension services may have a great impact in increasing the 
level of technical efficiency and hence cauliflower productivity.  

• Plant protection measures such as weedicides/pesticides spray and 
fertilizers application can increase cauliflower production in off-seasons. 
Proper supply of these inputs coupled with credit facilities may play 
significant role. 

• Small farmers are more efficient, therefore, special efforts are required to 
cater their needs of inputs and credit. 
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Appendix 

 

 
Estimated value of the log likelihood function and MLE for various 

production functions of cauliflower 
 

 
 Cobb Douglas Translog 
Off-season I 40.12 52.17 
Off-season II 35.56 47.89 
Maximum likelihood estimates   
 Cobb Douglas OLS 
Off-season I 40.12 16.00 
Off-season II 35.56 18.70 
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