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High yielding crop like maize is very important for countries like Pakistan, which is third cereal crop after wheat and rice. 

Maize accounts for 4.8 percent of the total cropped area and 4.82 percent of the value of agricultural production. It is grown 

all over the country but major areas are Sahiwal, Okara and Faisalabad. Chiniot is one of the distinct agroecological domains 

of central Punjab for the maize cultivation, that’s why this district was selected for the study and the technical efficiency of 

hybrid maize farmers was estimated. The primary data of 120 farmers, 40 farmers from each of the three tehsils of Chiniot 

were collected in the year 2011.Causes of low yields for various farmers than the others, while using the same input bundle 

were estimated. The managerial factors causing the inefficiency of production were also measured. The average technical 

efficiency was estimated to be 91 percent, while it was found to be 94.8, 92.7 and 90.8 for large, medium and small farmers, 

respectively. Stochastic frontier production model was used to measure technical efficiency. Statistical software Frontier 4.1 

was used to analyse the data to generate inferences because the estimates of efficiency were produced as a direct output from 

package.  It was concluded that the efficiency can be enhanced by covering the inefficiency from the environmental 

variables, farmers’ personal characteristics and farming conditions. 

Keywords: Hybrid maize, production function, productivity  

 

INTRODUCTION 

 

In Pakistan maize (Zea mays L.) is third important cereal 

after wheat and rice. Maize accounts for 4.8 percent of the 

total cropped area and 4.82 percent of the value of 

agricultural production. Maize being the highest yielding 

cereal crop in the world has significant importance for 

countries like Pakistan, where rapidly increasing population 

has already out stripped the available food supplies. It is 

being planted on an area of 1083thousand hectare with an 

annual production of 4271 thousand tones with the yield per 

hectare 3944 kg/hectare during the year 2012-13 (GOP, 

2013). It is intensively grown on worldwide basis and often 

referred as “king of grain crops”. According to one estimate, 

in Pakistan 95 percent of the maize area is situated in Punjab 

and Khyber Pakhtunkhwa and these two provinces account 

up to 98 percent of the country's total maize production. 

Very little corn is produced in other provinces (Tahir et al., 

2008).  

After the introduction of hybrid maize in the 1990's, 

production has increased from 30 maunds per acre to nearly 

90 maunds per acre. Adoption of high yielding hybrids 

varieties not only improves the grain yield and its quality but 

also leads to higher income per hectare as compared to 

conventional varieties of maize (Abbas, 2001). Now it is a 

profitable crop and farmers usually get two crops per year. 

Maize is the best suited crop for potato farmers as it fits 

properly in the crop rotation. It is grown all over the country 

but major areas are Sahiwal, Okara and Faisalabad. Chiniot 

is one of the distinct agroecological domains of central 

Punjab for the maize cultivation, that’s why it was selected 

for the present study. In the selected district it is important 

crop like rice, wheat and vegetables. At present yield level is 

much lower as compare to the potential of existing varieties. 

Main constraints to enhance maize productivity are 

inefficient agronomic and management practices. That is 

why present study was conducted to find out the potential 

impact of such factors. 

Pakistan is a developing country and the contribution of 

agricultural sector in overall economic growth of the country 

is substantial though not optimal. Crop sector is the principal 

denominator of growth in agriculture but its inherent 

potential is yet to be chased. It is frequently observed that 

the farms with same resources in term of agro climatic 

conditions and access to inputs are quite diverse regarding 

per acre yields, the influencing factor here is the 

management inefficiency (Kalirajan, 1984). Inefficient farms 

are characterized by the low yield, high fragmentation, poor 

or no role of extension services, poor access to credit, tenant 

cultivation, low literacy rate among farmers, poor 

infrastructure facilities and long distance from farm to 

markets (Parikh and Shah, 1994). Therefore, a farmer’s 

ability to increase income and productivity is constrained by 

a number of factors of which many fall out of his control. 
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Pakistani maize farmers are constrained with many such 

factors. Generally the productivity levels are lower than the 

international average productivity. Maize growth is affected 

by intercropping (Shave et al., 2012), microbial (Zahir et al., 

2012) and fertilizer application (Iqbal et al., 2012). 

Efficiency has two components: technical efficiency and 

allocative efficiency. Technical efficiency is the ability of a 

firm to produce a maximal output from a given set of inputs 

or it is the ability of a firm to use as modest inputs as 

possible for a given level of output. The former is called 

input oriented measures and the latter is known as output-

oriented measures of technical efficiency. Productivity can 

be increased through more efficient utilization of resources 

of farmers and inputs with current technology. Management 

inefficiency is also termed as technical inefficiency. The 

concept of technical inefficiency was developed by the 

Farrel (1957). In a broad sense, technical inefficiency is 

failure to produce maximum output from a given level of 

inputs. One farm is technically more efficient if it produce 

more output than the other farm while using the same level 

of inputs (Huang and Bagi, 1984). 

Productivity can be enhanced by institutional investment in 

inputs delivery, extension system, infrastructure, farm 

management services and farmer’s skills in order to promote 

technical efficiency of resource use at farm level (Ali and 

Chaudhry, 1990). In spite of the complicacy in the exploring 

of the determinants of technical efficiency, research efforts 

are to be made to visualize the ground realties so that 

farming community could be directed to the best alternative 

for enjoying good potential out of their lands. Introduction is 

given in the first part of the paper followed by materials and 

methods. Results are given in the third part of the paper. The 

conclusions are drawn in the last part. 

 

MATERIALS AND METHODS 

 

The aim of this study was to examine a sample of maize 

farmers, in order to identify and measure the technical 

efficiency, as well as to access the role of farm and farm 

specific variables in explaining differences in the farm level 

technical efficiency. The primary data used in this study was 

collected from district Chiniot during the year 2011 and 

sample of 120 farmers was taken from three tehsils of 

Chiniot. 

The Cobb–Douglas production function is a particular 

functional form, widely used to represent the technological 

relationship between the amounts of two or more inputs, 

particularly physical capital and labor, and the amount of 

output that can be produced by those inputs. The variation in 

output due to technical inefficiency and random shocks can 

be captured and segregated through stochastic production 

frontier approach (parametric approach) because it is better 

than the non parametric approaches. The parameterized 

stochastic frontier function both embraces technical 

inefficiencies of the production process and the probabilistic, 

random effects leading to productive inefficiency. This 

involves the estimation of a stochastic production frontier, 

where the output of a firm is a function of a set of estimation 

of a stochastic production frontier, set of inputs, inefficiency 

and random error. Since, farmers always operate under 

uncertainty and therefore, present study is employing a 

stochastic production frontier approach introduced by 

Meeusen and Broeck (1977) and followed by Abdulai and 

Huffman (2000), Thiam et al. (2001) and Awudu and 

Eberlin (2001). Following their specification, the stochastic 

production frontier can be written as 

 , 1,2,........i
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     --- (1) 

Where, Yi is the yield of maize for the i-th farm, xi is a vector 

of K inputs (or cost of inputs),  is a vector of K unknown 

parameters, i is an error term. The stochastic frontier is also 

called “composed error” model, because it postulates that the 

error term i is decomposed into twocomponents: a 

stochastic random error component (random shocks) and a 

technical inefficiency component as follow 

i i iv  
  --- (2) 

Where vi is a symmetrical two sided normally distributed 

random error that captures the stochastic effects outside the 

farmer’s control (e.g. weather, natural disaster, and luck), 

measurement errors, and other statistical noise. It is assumed 

to be independently and identically distributed. It allows the 

frontier to vary across farms or over time for the same farm, 

and therefore the frontier is stochastic. The i captures the 

technical efficiency of the i-th farmer and it is greater than 

zero (Stevenson, 1980). Here it is assumed that it follows a 

half normal distribution. The two error component (v and ) 

are also assumed to be independent of each other. The 

variance parameters of the model are parameterized as: 
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The parameter   must lie between 0 and 1. 

The two most commonly used packages for estimating of 

stochastic production frontiers and inefficiency are 

FRONTIER 4.1 (Coeli, 1996) and LIMDEP (Greene, 1995; 

Green, 2002) but here FRONTIER 4.1 is used for efficiency 

estimation, similar approach was used by Bakhsh (2012) and 

Bakhsh et al. (2007). The stochastic frontier production 

function is widely used to estimate technical efficiency 

(Russel and Young, 1983). The stochastic production 

frontier (as given below) for maize, is empirically estimated 

by employing maximum estimation technique; 

Ln Yi = βo + β1 Ln (X1) + β2 Ln (X2)+ β3 Ln (X3) 

+ β4 Ln (X4)+ β5 Ln (X5)+ Vi –Ui --- (4) 

Where, 

Yi quantity of output (Maund/acre) 

X1 land preparation cost per acre 

X2 N, P and K nutrients applied in Kilograms per acre, 
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X3 total maize cropped area (acres) 

X4 total number of irrigation (tubewell+canal) per acre 

X5 total quantity of seed per acre 

Vi-Ui Random error term 

 

Determinants of inefficiency: The index of the technical 

inefficiency is regressed on various farms specific and other 

variables considered to be the source of inefficiency. The 

regression equation can be written as: 

Ui =   δο + δ1 (Z1) +δ2 (Z2) + δ3 (Z3) +δ4 (Z4) + δ5 (Z5)  

+δ6 (Z6) + Wi --- (5) 

The variables included in the model are determinants of 

technical inefficiency indicate possible effects of farmers’ 

personal characteristics and farming conditions on technical 

efficiency. This will help in coming out with 

recommendations on how government policy formulation 

could be used to influence these variables so as to enhance 

the technical efficiency of the farmers. 

Where, 

Z1 age in years of the i-th farmer 

Z2 farming experience in years 

Z3 education in years 

Z4 dummy variable for credit, assuming value 1 if farmer 

avails credit otherwise 0 

Z5 dummy variable for extension facilities, assuming value 

1 if farmer avails extension facilities otherwise 0 

Wi unobservable random variable 

The values of the unknown coefficient in equation (4) and 

(5) are jointly estimated by maximizing the likelihood 

function (Udoh and Etim, 2006).  Further, in order to select 

the best specification to production function for data set 

likelihood ratio tests of hypothesis for the parameters of the 

frontier is applied, 

 = 

 
 

0

1

2 ln 
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LR
L H

 
   

     --- (6) 

Where, L(H0) is the value of likelihood function under the 

null hypothesis and 
 1L H

 is the value of likelihood 

function under the alternative hypothesis. On the basis of 

these conclusions final selection of the model was made. 

The statistic test  has approximately a chi square 

distribution with a number of degrees of freedom equal to 

the number of parameters (restrictions), assumed to be zero 

in the null hypothesis. When  is lower than the 

correspondent critical value (for a given significance level), 

null hypothesis cannot be rejected. 

 

RESULTS AND DISCUSSION 

 

The results of the frontier production function are given in 

Table 1 and values of these variables are on per acre basis.  

 

Table 1. Maximum likelihood estimates for parameters of 

stochastic frontier function 

Variables Coefficients 

Production Function 

Constant 1.81
**

(1.80) 

LPC 0.38
ns

(0.52) 

NPK 0.89
*
(5.95) 

Maize Area 0.22
*
(3.3) 

Total Irrigation Number 0.49
*
(5.04) 

Total Seed Quantity 0.02
**

(2.08) 

Inefficiency Model 

Constant 0.08
ns

(0.87) 

Age 0.15
ns

(1.01) 

Farming Experience -0.68
**

(-1.73) 

Education -0.09
ns

(-1.39) 

Credit 0.02
ns

(0.63) 

Extension Facilities -0.006
ns

(-0.07) 

σ2 0.01
*
 (4.56) 

Γ 0.7
*
 (3.33) 

Log Likelihood 77.56 

* and ** indicates the significance at one and ten percent 

probability level respectively; Values in the parenthesis are 

t- ratios 

 

The value of γ estimate is significantly different form one, 

indicating random error is playing a significant role to 

explain the variation in maize production and this is normal 

especially in case of agriculture where uncertainty is 

assumed to be a main source of variation in the data. 

The coefficient of land preparation cost (LPC) is 0.38 and 

found to be insignificant. Therefore farmer is likely to 

harvest a good crop if his land is properly prepared and 

thoroughly pulverized, enabling the plant to have a good 

stand, draw nutrients and water from the soil. Hence if there 

is one percent increases in the cost of land preparation the 

farm production increase by 0.38 percent. Often the physical 

quantities of inputs are taken for this kind of studies but here 

the cost is taken like Khai and Yabe (2011).  The value of 

coefficient of fertilizer in Kilograms of N, P and K was 

positive, having value of 0.89 and found to be significant at 

one percent. This implies that one percent increase in 

fertilizer use of NPK will increase the farm yield by 0.89 

percent. The coefficients of maize cropped area, number of 

irrigation are found to be significant at one percent level and 

having positive sign which implies that these both have a 

significant effect on the production. The coefficient for seed 

quantity used for plant production is positive and statistically 

significant implying that it affects the yield of maize 

positively and significantly. 

As explained earlier, at given level of particular technology, 

the transformation of physical inputs to the outputs, some 

farmers are able to achieve maximum efficiency. This 

variation could be due to the explanatory variables or not 

having adequate technical knowledge. Kalirajan and Shand 
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(1989) have suggested that the technical efficiency of 

farmers is determined by socio-economic and demographic 

factors. The results show that coefficient of farmer age is 

positive and statistically insignificant. The older farmers’ 

usually resist the adoption of innovative technologies. This 

finding is in accordance with the findings of Kalirajan and 

Flinn (1983). The coefficient of farming experience is 

negative implying that it reduces the inefficiency. The 

coefficient of education is negative implying that the 

education reduces the inefficiency. So with a higher level of 

education, farmer is more receptive to new techniques and 

the result is in line with the findings of Philips and Marbel 

(1986). The coefficient of dummy for credit is positive and 

is statistically non-significant. The positive sign of the 

estimate for credit implies that inefficacy increases with the 

credit obtained. The positive sign could be attributed to the 

non-productive use of credit. The coefficient of dummy 

variable for extension facilities is negative. The negative 

sign implies that this variable reduces the inefficiency. This 

indicates that with a more consultation with extension staff, 

the inefficiency of farmer reduces, it means that extension 

workers could significantly contribute to improve technical 

efficiency in maize production. 

Likelihood ratio test: The table value for the mixed Chi-

square distributions is less than the calculated value of 35.80 

and thus it rejected the Ho and hence it is concluded that 

MLE is better than the OLS because Ho is for OLS and H1 is 

for MLE and there exits technical inefficiency effects in the 

model. 

Comparing technical efficiency of different maize farm 

groups: After comparing the technical efficiency of different 

maize farm groups, i.e. small, medium and large, it is 

concluded that technical efficiency is positively related to 

farm size in the sample area. The average technical 

efficiency was estimated to be 91.00 percent, similar high 

percentages were found by Javed et al. (2008). Frequency 

distribution of technical efficiency range according to small, 

medium and large farmers is given in Table 2. 

 

Conclusions: After comparing the technical efficiency of 

different farm groups i.e. small, medium and large, it is 

concluded that technical efficiency is positively related to 

farm size in the sample area. The average technical 

efficiency was estimated to be 91 percent, while it was found 

to be 94.8, 92.7 and 90.8 for large, medium and small 

farmers, respectively. The reason for high efficiency score 

for large farmers could be attributed to the use of modern 

and improved technologies especially the improved seed, 

due to better financial conditions of the large farmers. 

Majority of the large and medium farmers possess their own 

tube wells and tractors which enable them to prepare the 

land in a better way and sow the crop well in time. 

Moreover, they have greater access to credit facilities 

besides having source of income other than farming which 

improves their liquidity and enables them to purchase 

different farm inputs in time. It is also observed that these 

farmers have better contacts with the extension workers. So 

the efficiency can be enhanced by covering the inefficiency 

from the environmental variables, farmers’ personal 

characteristics and farming conditions. 
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