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Abstract | Gilgit-Baltistan’s economy is mostly based on subsistence crops production. The ecosystem of
mountain is fragile and tends to be relatively low productive due to number of factors. Therefore, the present
study was aimed to know the opportunities of productivity due to improving the technical efficiency of maize
crop, and to determine the factors which influence maize production in high mountains of Pakistan. For this
purpose, initially two villages one from District Nagar and other from District Hunza were selected with an
aggregate sample of 112 maize crop growers. Both primary and secondary data were collected from different
sources. To measure technical efficiency, the stochastic frontier production function along with technical
efficiency model was employed. Data was analyzed through statistical software Frontier 4.1, because of its
appropriateness in efficiency related assessments. Result shows that the factors of low yields of different
peasants were due to inefficiency. The overall average technical efficiency of maize farmers was estimated
73.6%. It was inferred that the productivity can be enhanced by reducing the inefhiciency from the ecological
factors, peasants’ personal characteristics and farming conditions.
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Introduction variable, for example, air temperature, sunlight-based

radiation, relative moisture, wind speed and agronomic

Pakistan is an agricultural country, having a
parched atmosphere in nearly two-thirds of its
territories. Climatic fluctuation has an immediate
and unfavorable effect on the sustenance and
improvement, particularly in dry ranges. Among
climatic elements, precipitation has a tremendous
impact on the production of crops (Khuram and
Ghulam, 2011). Agriculture in Pakistan relies on
water obtained from precipitation and snowmelt.
Pakistan confronts the issues of floods, drier seasons,
and inadequate water for crop production. Irrigation
water availability predominantly relies on climatic

components like phases of the crop (Ghazala and
Mahmood, 2009).

In Pakistan, maize stands third most essential cereal
crop after wheat and rice respectively. It is not just
consumed as nourishment grain, but also utilized
as a forage crop for livestock. Being a commercial/
industrial crop, it is also an ingridient for several
items that are produced from grains. Maize grain
holds about 1.7% ash, 3.0% sugar, 5.8% fiber, 4.8% oil,
10% protein and 72% starch (Chaudhary, 1993). The

annual grain crop production in Pakistan amounts to
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2.96 million tons, with an average yield of 2,893 kg/
ha on an area of 1.02 million hectares (GOP, 2007).
While the area under maize crop was 1.06 million
hectares in 2008, total production was 3.31 million
tonnes, with an average yield of 3264 kg/ha (GOP,
2008). It accounts for 8.5% of the total cereal cropped
area, makes a 2.1% contribution to the value addition
in the agriculture sector and contributes 0.4% to the

national GDP (Bashir ez 4/, 2010).

The cultivation of maize and its multiple uses for
domestic, commercial and industrial purposes play
a critical economic role in Pakistan by generating
income and employment across its entire value chain.
Maize is considered an ideal vehicle for pro-vitamin
(A) enhancement and delivery in areas with limited
access to supplements and fortified foods (Baryan at
el.,2014).Land of Pakistan is considered very favorable
for maize production, however, while comparing with
other maize growing countries, its yield per hectare is
still very low (Tahir ¢z /., 2011). Potential of maize
crop is very high in terms of returns and its swift
responses to different agronomic practices. However,
numerous limitations hinder its yield, i.e. imbalanced
utilization of fertilizers, customary sowing techniques.
Life cycle of maize crop is highly responsive to water
avaiability. At any phonological stage i.e. vegetative,
regenerative and development stages, the shortage of
water shows a diverse reaction with effect on grain

yield (Cakir, 2004).

Gilgit-Baltistan (GB)’s economy is mostly based
on subsistence crop production. The ecosystem
of the mountain region is fragile and tends to be
relatively low productive (Ahmed, 2001). However,
in GB, maize crop is limited to lowlands and highly
influenced by irrigation water availability. It is
cultivated mainly in the season of Kharif (summer),
although in some parts of Gilgit, Ghizer, Skardu,
Diamer and Astore districts, it is grown as a crop of
Rabi (winter) in single cropping zones mainly as a
fodder crop. Maize is also an essential diet component
in the wintertime. Moreover, the maize stover is
utilized by livestock. The cultivation of maize usually
starts in the middle of June and ends in the middle
of July in double cropping zones. Harvesting begins
in the third week of September and continues to the
first week of November. Yields are 2,400, 1,600 and
1,800 kg/ha for the low, middle and high-altitude
regions respectively (Scott, 2003). These yields are
much lower than the national average yield, which is

pointedly below the potential of the region. A slight
reduction in productivity can be seen with the rise
in altitude. This difference in productivity could be
attributed to poor fertility of soil, low temperatures,
and short growing seasons at high altitude areas
like Astore, Yasin, Khyber, and Skardu (Khan ez a/,
2006). The existing crop rotation indicates that there
are significant chances of increase in productivity,
in the given zone and location. However, to meet
consumption demands, farmers are motivated to
harvest maize even having low productivity.

Depending on topography and soil type, the optimum
population of plants, proper seed bed preparation,
weeds control, timely control of pests and diseases,
efficient utilization of fertilizer and proper irrigation
can play a pivotal role in the improvement of maize
productivity. Also, factors like use of local seed
varieties and self-stored seeds, and inadequate use of
inputs, lack of storage arrangements, lack of awareness
regarding improved seeds, and lack of awareness of
modern techniques constrain maize yield. Accordingly,
in the mountainous region of Pakistan, one of the key
elements to improve maize productivity is to enhance
the technical efficiency of farms.

Elibariki ez a/.(2008) also argued that improved inputs
and technological innovation is not the only way to
increase the productivity, in fact, it also depends upon
well-organized use of farmers’ skills and resources.
Alam ez al. (2012) also found that technical efficiency
of potato and vegetable growers can be increased by
enhancing their skills and knowledge, through the
use of an appropriate amount of inputs and proper
utilization of irrigation water in GB. Specifically,
there is a paucity of information regarding factors
influencing maize productivity in GB. Therefore,
the current study is timely to be carried out to
highlight all the above mentioned opportunities and
constraints. The result of this study will be helpful
for maize growers for improving their production
efficiency. Therefore, this study attempts to bridge the
knowledge gap by estimating maize farm’s technical

efficiency (TE).

Research objectives

'Thus, the main objective of this study was to identify
the opportunities for enhancing productivity by
improving the technical efficiency of maize, and to
determine the factors influencing maize production
in the high mountain regions of Pakistan.
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Materials and Methods

Study area and sampling

Two villages Phaker from Nagar District and
Murtazaabad from Hunza District were selected for
the purpose of data collection for this study. Both
areas were selected purposely due to the reason
that these areas are considered important maize
production zones in the surroundings of major
districts. Systematic random sampling technique
was deployed, which was drawn from lists acquired
from concerned offices. Approximately 112 farmers
(including 52 from Phaker, 60 from Murtazaabad)
were selected for data collection regarding maize crop
during its cropping season.

Data collection

For primary data, a well-structured, comprehensive
and pilot-tested interview schedule was designed.
It ensured acquisition of in-depth information on
numerous aspects of maize production. In person
interviews with household heads formed the basis
of data collection. Information regarding last one
year was gathered from the respondents, as there
was no or little-documented evidence available.
Information collected regarding crop production,
inputs and outputs etc. was aggregated in monetary
terms and utilized for productivity analysis. Data
regarding farm inputs comprised of fertilizers, seeds,
machinery, labor and irrigation information, whereas,
data regarding farm outputs included information
on gross production. Socio-economic characteristics
of the farmers were also gathered which included
age, literacy level, household size, farm size, locality
of farmland, soil quality, source of credit, farming
experience, and farmers knowledge regarding climatic
effects etc. Although an overwhelming number of
households grew a variety of crops in the study area,
i.e. potatoes, fodder, wheat, vegetables and maize (in
single cropping zones), this study, however, focused
on maize crop.

Total production of maize crop (assessed in Pak
Rupees “Rs”) was the dependent variable of this
study. Crop inputs considered were fertilizers,
agrochemicals, own seeds, purchased (hybrid) seeds
and hired labor, the cost of mechanization and the
frequency of irrigation applied. These variables were
expressed in terms of their aggregate values. This
method was used in order to cover for the paucity
of crop data per unit area (kg per kanal), especially

in case of agrochemicals. Hired labor was measured
monetary value again because of the absence of data
per person, since labor hiring follows a contractual
mechanism. Wages of family labor was not included
in the study as most of the agriculture activities are
of subsistence level. The cost of machinery was taken
from the monetary value of machine rents, on the basis
of per hour work of ploughing and threshing. Farmers
were only equipped with traditional cultivation tools,
not larger machineries like tractors, threshers etc.

Theoretical and analytical framework

Productive efhiciency can be improved by developing
innovative production technologies and by adopting
these techniques. The two popular and widely used
methods for productivity estimation are Stochastic
Frontier Analysis (SFA) and Data Envelopment
Analysis (DEA), which are suitable for estimating the
level of productive efficiency and also for identifying
its determinants. To assess the technical efficiency
of any production system, SFA is widely used. It
can be used with multi-inputs and one output. On
the other hand, DEA focuses on multiple-input
and multiple-outputs technologies of production by
using a mathematical programming method or non-
parametric approach.

In this study, to assess the Technical Efficiency (TE)
of maize production by the individual farms, stochastic
frontier production function was applied. The SFA
has some advantages. According to Coelli and Battese
(1996), SFA is more preferable than DEA with respect
to agricultural production. Data can be influenced
by two-sided measurement errors, particularly in the
developing countries. Pest attacks, disease, weather
conditions and one-sided component are the additional
effects, these are possible factors that can lead to
inefliciency. As a result, SFA developed by Aigner ez a/.
(1977) was considered suitable for this study.

Cobb-Douglas and translog stochastic production
frontiers were used to determine the influence of
input and socio economic factors on efficiency and
productivity. Translog function was also used by
Rahman and Hasan (2008) and Wilson ez a/. (2001)
to assess the technical efficiency of crops. On the
basis of the geometric mean of the sample, translog
function delivers second-order approximation to the
technology. However, the reason for using Cobb-
Douglas function is well known and extensively
reported in the literature.
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'The stochastic production frontier of Cobb-Douglas is:

InY, =g, +Z BInX, +v; —u; ... (1)

=1

The translog model, in contrast to Cobb-Douglas
tunction, has been produced and is given as:

7 7 3
InY; =B, + Z B;1nX;; +z BizoxInXy;InX, o ; + Z Bz7—mInXz; InX,_
k=1

=1 m=1

2
+ Z Bzz—nlnXg; InXy_y; + By y InXg +v; — g .. (2)

n=1

Where In denotes natural logarithm and Yi represents
gross production of maize in PKRs of the i* farm.
B, represents the intercept, whereas, B, .depicts
parameters of responses to be valued or elasticities
corresponding to each input (i=1,2,3,...7). X is hired
labor cost in Rs/kanal. Fertilizer cost is X, in Rs/
kanal, X, reflects agrochemical cost in Rs/kanal, X,
is own seeds in Rs/kanal, X is purchased seeds Rs/
kanal, machinery cost with service cost is in Rs/kanal
and X is irrigation applied in numbers for maize
crop. While, in the second order level of translog
frontier model, j,k,m and n denote the interaction
between the seven inputs. Further, it is also possible
to represent the interaction between various inputs in
production.

V. depicts two-sided error component and reveals
random variations in output as a result of factors
outside the control of the farmers. On other hand,
it also displays the measurement error effects in the
output variable and other statistic noise. Assuming it
to be normally distributed with zero mean-variance 62,
v and u, is a non-negative random variable associated
with technical inefficiency (TIE). Production assumed
to be independently and identically distributed (at
zero) of the normal distribution with mean p. and

variance 6%, u. While . is defined by:
7
Uu; = 50 ‘I‘Z 51-1112'“1- — Ui ... (3)
n=1

In above equation p. denotes effects of inefficiency,
Jd, shows the intercept term and ¢, represents a
parameter for the i explanatory variable. Z, denotes
farm size in kanals; Z, shows age of farmers in years;
Z represents literacy level of the farmers in terms of
(number of years in school); Z, indicates household
size (number of persons in household); Z.represnt

the locality of farmers (altitude/ elevation of the
farmland); Z, shows soil quality (if the quality of soil
is good=1, otherwise 0); Z, is a dummy variable for
the villages, (if the respondents is from Phaker =1,
otherwise 0).

The Maximum Likelihood Estimates (MLE) is
defined by equations 1, 2 and 3for all parameters of
the stochastic frontier production and inefhiciency
model, which was applied for estimation by using
the program FRONTIER 4.1 (Coelli, 1996). It
also estimated the variance parameters in terms of
parameterization as:

cl=c’+oc’u ----@

Y=0c%/0> -..05

Sothat0<y=21:Theyvalue ranges from 0 to 1 the values
close to 1 representing that random component of the
inefliciency effects has a significant contribution to
the analysis of the production system. The technical
efficiency of production of the i* farmer (TEi) given
the levels of inputs used is defined by:

TEi=exp (-Ui) ...(6)

The TE of a farmer was between 0 and 1 and
is inversely related to the level of the technical
inefficiency effects (Battese and Coelli, 1995). The TE
is also predicted using the FRONTIER 4.1 package,
which calculates the ML estimate of the predictor
for Equation 6 that is based on its conditional
expectation, given the observed value of (Vi-Uji). If
Ui is equal to 0, the production is on the frontier and
the farm is technically efficient. If U7 is greater than
0, the production will lie below the frontier and the
farm is technically inefficient (Coelli ez 2/, 2005). The
technical inefliciency can only be estimated if the
inefliciency effects are stochastic and have a particular
distribution specification (Battese and Coelli, 1995).

Statistical analysis

Key variables analyzed in this section have already
been defined and summarized in the previous
sections, under the econometric model. The values
are described on the basis of per unit. Models were
estimated by using multiple regression models
through Ordinary Least Square (OLS) estimation
procedures. Multiple regressions were applied, based
on linear combinations of interval, dichotomous, or
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dummy independent variables, to determine (predict)
variance in an interval scale. To assess the parameters
of the MLE and stochastic frontier production
function was frequently in use. On the other hand,
Coelli (1995) concludes that the maximum likelihood
estimator is asymptotically more efficient than the
OLS estimator.

For frontier model in logarithm form, regression
accounted for all independent variables along with
dependent variables. However, the indicators of
technical inefficiency are in absolute values; as this
model is constituted by variables those may affect
technical efficiency and the resultant household
decisions. Most commonly used forms in empirical
studies are Cobb-Douglas and Translog production
functions. However, Translog or flexible functional
method causes severe difficulty of multicollinearity,
whereas, Cobb-Douglas function is not difficult
to estimate, interpret and this is commonly used
to determine technical inefficiency. Therefore, for
the present study, Cobb Douglas form was used for
estimation of inefliciency.

'The parameters associated with ¢? and y were used
to evaluate the overall technical inefficiency effects.
The estimate is significantly different at 1% for the
variance parameters o from zero. This indicates
statistical confirmation of presumption made in this
study, that there are differences in technical efficiency.

Results and Discussion

Results of descriptive analyses

'The descriptive statistics of input and output variables
related to production of maize (described in per unit
basis) are presented in Table 1.The descriptive analysis
shows that the average calculated value of yield per
kanal was Rs. 10,492 for maize crop. The average cost
for hired labor was Rs. 1,389, which makes the highest
percentage amongother cost of inputs, followed by the
cost of purchased seeds worth Rs. 1,227. It indicates
that maize production requires more labor, while, the
second highest cost of purchased seed indicates that
farmers are trying to use improved varieties of seed for
better productivity. However, fertilizer cost is in third
place (Rs. 1,027). It reveals that spending more on
input is not a guarantee for higher crop productivity.

InTable 2,the estimated parameters for MLE and OLS

methods for the maize growing farmers are given. For

maize growers data set, four MLE coefficients out of
seven, of the inputs, are linked with outputs, which are
different from zero and statistically significant. When
parameters are measured based on OLS method, only
two variables are significantly different. Compared to
OLS method the MLE model provides are a better
result. While the sign of a coefficient in the stochastic
model directly represents the direction of the effect,
it is also essential that the estimated parameters in
the technical inefficiency model to show a negative
sign, which implies a positive relationship. Existing
market price in the study area was set to evaluate the
inputs by quantities used as per kanal. The irrigation
applied rate of each crop is taken as the frequency of
irrigation delivered to the crops field and expected to
have positive signs.

Table 1: Szatistics of outputs and inputs and farm specific

variables.

Variable name Mean S.D Min Max
Crop specific variables

Output Y, 10,492.7 2,344.4 4,480 18,615
Hired labor 1,389.4 388.6 650 2,850
Fertilizer 1,027.9 332.6 500 2,750
Agrochemical 970.3 548.6 555 3,090
Own seed 951.1 280.3 360 1,890
Purchased seed 1,227.3 493.1 111 3,600
Machinery cost 925.0 719.8 1,308 5,250

22.6 2.5 16 30

Irrigation numbers

Farm specific variables

Farm size (Kanal) 3.0 1.8 1.0 10.0
Age of HH (years) 58.5 9.2 38.0 74.0
Education level (years) 5.4 3.8 0.0 16.0
No. of household members 11.9 4.0 5.0 24.0
Loc. of farmers 0.6 0.5 0.0 1.0
Soil quality, (1= good, 0.6 0.5 0.0 1.0
O=others)

Dummy village 0.5 0.5 0.0 1.0

OLS and ML estimates of stochastic frontier analysis

Through means of output elasticities, parameters of
Cobb-Douglas production function can be explained
directly. As shown in Table 2, in MLE method, all
the input parameters are statistically significant and
have positive signs, excluding machinery cost. This
indicates that these inputs are performing important
roles in the production of maize. According to results,
the maximum output elasticity was recorded as 0.27

for the cost of own seeds, followed by 0.19 for the
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purchased seeds. Both variables relate positively and
are highly significant to maize productivity. These
variables with higher elasticity are indicating that the
total factor productivity contribution is dominant.
It means that one percent increase in the usage of
mentioned inputs would lead to a 27% and 19% rise
in production of maize, respectively. Rise in output is
the consequence of use of improved local varieties of
seeds. On the other hand, plant population per area
can be increased up torecommended levels by use of
more purchased seeds in the field, to increase output/
production.

Table 2: Ordinary Least Square (OLS) and Maximum
Likelihood (ML) estimates of Maize.

Variables OLS MLE
Coefhicient t-ratio Coefficient t-ratio

Stochastic frontier model

Constant 3.17 4.50™* 2.88 4.72%
Hired labor -0.40 -1.92* 0.11 1.20
Fertilizer 0.30 1.72  0.18 1.98*
Agrochemical -0.13 -0.73  0.23 1.44
Own seed 0.53 3.07* 0.27 3.89*
Purchased seed 0.10 0.99 0.19 2.35**
Machinery cost ~ -0.04 -0.16 -0.15 -0.60
Irrigation numbers -0.08 -0.29 0.09 0.190*
Technical inefficiency model
Constant 0.16 1.96*
Maize crop area 0.02 -2.24
(Kanal)
Age of HH (years) -0.05 -2.48"*
Education level -0.01 -2.29**
(years)
Family size (No.) 0.01 1.37
Location of farm- 0.04 0.63
ers (altitude)
Soil quality (1= -0.00 -6.08**
good, O=others)
Dummy village -0.10 -0.86
Variance parameters
Sigma-squared (0?) 0.29 0.45 5.75%*
Gamma (y) 0.87 90.63™**
Ln Likelihood 86.25 107.08
Note: ™ indicates significant at 1%; ** significant at 5% and *

significant at 1%.

Other effective inputs for the maize production
are irrigation water and fertilizer. Irrigation and
fertilizer are significant inputs for the production

of maize, as one percent increase in irrigation water
and fertilizer usage leads to 18% and 9% increase in
the output, respectively. Alam ¢ a/. (2011) reported
that the use of improved irrigation system in GB
region has beneficial effects for better land utilization
and improved productivity, leading to higher farm
income. Machine cost has a negative coeflicient and
is insignificant, as a result of small sized and irregular
terraced fields, which typically takes more time to
plough.

In MLE model, the estimates are significantly
different for variance parameters 6 and y from zero.
This implies statistical confirmation of presumption
that there are differences in technical efficiency among
farmers. The share of one-sided error in total variance
(y) is 0.87% of the two variances. This result indicates
that the technical inefficiency effects are significant in
the case of maize production.

Analyses of socio-economic and demaographic variables

At the farm level, production efficiency is subjected
to many socio-economic and demographic factors. In
this study, some factors were found to be positively
contributing towards enhancing efficiency of maize
production, which includes: maize crop area (Kanal),
age of HH (years), education level (years), family size
(nos.), location of farmers (altitude), soil quality (1=
good, O=others), and a dummy for the village (Table 2).

It is evident that the farm size is significantly negative
at 5% level of significance. It also implies that maize
farmers operating small landholdings are technically
efficient. Age, a proxy for farming experience, is
expected to have a negative impact on technical
inefficiency. Confirming this expectation, age of farmer
is negative, and significant at 1%. It clearly indicates
that older farmers are more efficient. Experience of
older farmers’leads to more efficient inputs utilization.
Also, due to the more traditional and conservative
nature of older farmers, cereal crops were preferred
over cash crops. Moreover, numerous studies have
also indicated age to have mixed impact on efficiency,
depending upon crop type in the study area.

Education coefficientis also seen significantly negative
implying thatahigherlevel of educationleads to higher
TE, and this could be because of improved access
to farm planning tools and information. However,
the household size coefficient is positive but not
significant, indicating large family memebers being
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less efficient than smaller ones. A dummy variable
was used to identify the effect of technical efhiciency
on location (altitude). The insignificant and positive
coeflicient of dummy variable shows that it has no
significant impact. Soil improvement investments
surely lead to short and long-term economic benefits.
Still, the interdependency between soil improvement
and farm revenue in GB has not been studied.
Research on soil quality is hence inevitable for this
reason. Also, village dummy variable for vegetables
and wheat was proved insignificantly negative (Alam

et al.,2012)

Hypothesis test

Log-likelihood ratio test was employed to test
the hypothesis on the validity and suitability of
efficiency model. This test is defined as A = =2 [Ln
(HO) — Ln (H1)], where Ln (H,) and Ln (H,), where
log likelihood values are attained from the running
models (restricted/unrestricted respectively). Null
hypothesis (i) identifies that effects of inefliciency
were not stochastic. This was strongly rejected as
per Table 3 results. Hypothesis rejection means that
tunction for traditional mean response is not a suitable
illustration for production function. Furthermore, the
hypothesis of inefliciency effects being absent (i.e., y
=9, = 8,... 9,), are rejected at 5% significance level.
This clarifies that an overwhelming number ofthe
tarmers work lower than technically efficient frontier,
which was output oriented. In error component, there
is no farmer specific or constant effect, as it is clearly
shown in the third hypothesis test. As shown from
the result, null hypothesis inclusion is rejected. Fourth
hypothesis test implies collective significance of the
inefliciency determinants. It rejects null hypothesis
and indicates that explanatory variables influence
farm efficiency collectively. However, it may not be
individually significant.

Table 3: Likelihood ratio tests for maize.

Null hypothesis ~ Loglike- LRsta- Critical Decision
lihood  tistics value

Hwy=0 107.08 29.08 14.07 RejectH,

Hxy=0,=0, 6, 11720 4938 255  RejectH,

H:=6,=0, 6, 8413 1984 1259  RejectH,

H:>=0, o, 81.09 28.98  14.07 RejectH

Technical efficiency analysis
Farm-specific technical efficiencies information is
important for policy makers, as it provides a detailed

overview of the nature of production and technology
adopted at the farm level. Table 4 illustrates frequency
distribution estimations of individual farms, and TE
analysis. According to estimated efficiency scores, just
16% of farms are technically efficient above 80%.

Table 4: Frequency distribution of technical efficiency

estimates.
Efficiency rating Overall efficiency
N %

<60 4 3.6
61-70 42 37.5
71-80 50 44.6
81-90 14 12.5
91-100 2 1.8
Mean efliciency 73.64

Minimum 58.61

Maximum 94.22

Overall, TE is estimated to be 73.6% (onaverage),
and range between 58.6% and 94.2%. This implies
that overall, farms are producing at an average of
their 73.6% potential, given the state of technology
and input levels. Therefore, it can be safely concluded
that most of the farmers are severely constrained
by technical inefhiciencies as 27% of the technical
potential is not realized. Therefore, there is a potential
to improve productivity through eflicient crop
management without increasing current input levels.

Conclusions and Recommendations

The main aim of this study was to understand
the opportunities for enhancing productivity by
improving technical efficiency of maize crop and to
determine the factors influencing maize production
in high mountain regions of Pakistan.

Stochastic production frontier was used, accompanied
by a model of technical inefficiency effects, to obtain
information on production of maize crop in two
villages. Crop production dynamics were assessed
in terms of fertilizers, labor hired, seeds purchased,
agrochemicals, cost of machinery and irrigation. As
per obtained results, all these factors significantly
impacted production of maize crop. Technical
inefliciency model used explanatory variables like
age of household head, size of household, farm size,
literacy level, farmer location and type of soil etc.
The results revealed that in high mountain regions
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of Pakistan, these variables aftfect TE positively with
respect to production of maize crop.

Results regarding efficiency analysis revealed that
farms on average reached 73% TE, and thus on
average farmers are operating 27% below the potential
output. However, TE is linked negatively with
the size of the farm. Results also depict that maize
growers were not only generating output below the
potential level, but also working at a relatively lower
level from the production frontier. This specifies that
there is substantial room for improvement, relatively
for the inefficient farms, to increase productivity/
output. This can be accomplished by improving
production efficiency and sustaining the efficiency
of those operating closer to the frontier. It can also
be illustrated from the results that longer experience
of farming makes older farmers more efficient in
growing maize crop. In this study, the determinants
of TE analysis indicated that TE could be enhanced
more effectively by farmers’ education, resulting in
better uptake of modern production techniques and
appropriate utilization of farm resources. Furthermore,
establishing extension services on the basis of
contemporary demands will improve farmers’ abilities
towards the use of modern agricultural technologies.
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