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ABSTRACT 

The study was carried out in three districts (Mardan, Charsadda and D.I. Khan) of 

Khyber Pakhtunkhwa with main aim to estimate per acre net return and economic 

efficiency of sugarcane crop. The multi-stage proportional allocation technique was 

used to arrive the sample size. Study is based on cross-sectional primary data that was 

collected from 303 sugarcane growers during crop season 2014-15 through a well-

  structured pre-tested interview schedule. Inputs such as land, labour days, seed 

rate, tractor hours, irrigation numbers, Urea, DAP, farmyard manure (FYM) and 

pesticides were taken as explanatory variables for sugarcane production while grower’s 

age, experience, education level, family size, off-farm income, farm to home distance, 

extension contacts and tenure status were considered independent variables for 

inefficiency model. To ascertain the level of efficiency (technical, allocative and 

economic efficiency) Cobb-Douglas type stochastic production and cost functions were 

estimated both by Ordinary Least Square (OLS) and Maximum Likelihood Estimations 

(MLE) techniques using STATA software. Descriptive statistics revealed that per acre 

average yield was noted high in district Mardan (25,390.09 Kg) followed by district 

Charsadda (24,566.78 Kg) and D.I. Khan (22,714 Kg), while in overall study area it 

was 24,420.73 kg acre-1. Similarly, calculated per acre net return was found high in 

district Mardan (Rs. 49, 179.45) followed by district Charsadda (Rs. 45,750.90) and 

D.I. Khan (Rs. 33, 173.65). In overall study area average net revenue was noted Rs. 38, 

630.65 per acre. The estimated production function coefficients for land, labour days, 

seed rate, tractor hours, irrigation numbers and urea were found statistically significant 

which shows that these inputs significantly contribute in sugarcane production. It was 

also found that DAP, FYM and pesticides contribution is statistically insignificant. The 

reason lie in the fact that in the study area these inputs application is less than 

recommended levels.  Considering determinants of technical efficiency the impact of 

respondents specific characteristics on technical inefficiency of sugarcane crop was 

found mix and different in three districts under study. Some factors confirm a prior 

expectation of its impact on productivity while numerous others do not. Grower’s age, 

experience and off-farm income were noted negatively correlated with technical 

inefficiency in overall study area. Derived cost elasticity estimates of maximum 

likelihood showed that all variables (observed yield, land rent and cost incurred on 

labour days, seed, tractor hours, irrigation, urea, DAP, FYM and pesticides) considered 

in stochastic cost function carry positive sign as expected and are significant at 5% 

level, which means that total cost of production increases with the increase in 

application of these inputs. Considering determinants of allocative efficiency, it was 

found that with increase in grower’s education, contacts with extension agents, off-farm 

income and family size, the level of allocative inefficiency decrease. In district D.I. 

Khan tenure status was also found negatively correlated with allocative inefficiency.  

Average technical efficiency scores were found 0.83, 0.78, 0.63 in district Mardan, 
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Charsadda, D.I. Khan and 0.70 in overall study area respectively. The results indicate 

that in study area there exists potential for average grower’s to increase per acre yield 

up to 30% (7326.21 Kg) with existing level of inputs. Similarly, the average allocative 

efficiency was noted 0.63, 0.60, 0.44 for districts Charsadda, Mardan and D.I. Khan 

respectively. For overall pooled data average allocative efficiency was noted 0.57 

having range from minimum 0.20 to maximum 0.91. According to study results 

average grower’s has the potential to reduce per acre cost by 37 % (Rs.30,587/-) in 

order to achieve allocative efficiency of most efficient fellow grower without decrease 

in output level.   Economic efficiency mean level was found high in district Mardan 

(0.49) followed by district Charsadda (0.40) and D.I. Khan (0.28) respectively. Average 

economic efficiency level for combine pooled data was noted 0.41 which varied from 

minimum 0.14 to maximum 0.64. The results revealed that none of the growers has 

achieved economic efficiency of 100 % and there is room to increase productivity with 

existing level of inputs and expenditure level on average up to 35%. Strengthening 

formal education in long run, effective extension services at district level in short run, 

coordination among various stakeholders (Growers, Agricultural Research, Agricultural 

Extension and inputs suppliers) and sound fair price policies for output are the optional 

areas that need attention. Because of heterogeneity in terms of correlation between 

efficiency and respondents socioeconomic characteristics across districts, specific 

planning at district level is needed to advise growers for improvement in productivity 

and efficiency of sugarcane production. 
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I. INTRODUCTION 

1.1    Background 

Sugarcane is an important industrial crop of the world. It was grown in 90 countries on 

26.94 million hectares area with total harvest of 1905.00 million tonnes in the year 

2013. Based on production quantity it is the world’s largest crop. This crop is sensitive 

to various factors such as climate, soil type, irrigation, fertilizer, diseases, varieties and 

harvest period. At world level, Brazil is the major sugarcane producer with total 

production of 768.09 million tonns followed by India (341.20), China (128.20), 

Thailand (100.10), Pakistan (63.75), Mexico (61.18), Colombia (34.88), Philippines 

(31.874), Indonesia (28.40) and USA (27.91) (Appendix-I) (FAO, Statistics Division 

2013). 

1.2    Role of Agriculture in Pakistan Economy 

Agriculture sector is the bedrock of Pakistan’s economy. This sector not only 

contributes 21.0 percent (%) to overall Gross Domestic Product (GDP) but also absorbs 

about 43.7 percent labor force. It provides raw materials to industrial units and 

contributes to export earnings. Not only sugarcane but also wheat, rice, cotton and 

maize are among major crops of Pakistan. Wheat crop contributes 2.1 % to GDP and 

10% to value addition in agriculture sector followed by Cotton (1.5, 7.1), Rice (0.7, 

3.2), Sugarcane (0.6, 3.1) and Maize (0.4, 2.1). At national level agriculture sector is 

confronted with decreasing growth rate and has plunged down from 3.62 % to 2.53 % 

during previous four years (2011-12 to 2014-15). Negative growth rate (-0.19) was 

noted for the year 2015-16. Similarly, growth rate of main crops decreased from 7.87% 

in 2011-12 to -7.18 % during the current year 2015-16 (Appendix-II). About 62 % 

population living in rural areas depends directly or in directly on agriculture sector for 

their livelihood. In Pakistan most of agriculture community consists of small farmers 

that faces various limitations in their day to day farming practices. Because of various 

limitations per unit yield in Pakistan has been graded in the lower to middle ranged 

economics of the world (GOP, 2015). In Pakistan growth in agriculture sector was not 

sustain with the period of green revolution (Chaudhry, 1982). 
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1.3 Sugarcane Scenario in Pakistan 

In Pakistan sugarcane is a cash crop and play an important role in economic wellbeing 

of the farming community (Ahmad et al. 1991 & Rehman et al. 1992).  It serves as a 

building block for the second largest agro-based industry after textile sector. Sugar 

industry comprised 86 sugar mills and plays a pivotal role in national economy. Per 

season sugar industry contribute a sum of Rs. 8,275 million to government exchequer 

in the form of sales and road cess tax. Sugar export earned foreign exchange of US$ 

236.8 million during July-March 2013-14. Per capita sugar consumption in Pakistan for 

the year 2004-05 is the largest (25.83 Kg) followed by India (14kg) Bangladesh (10kg) 

and China (11 Kg) (Azam & Mukarram, 2010). Historically, from 1998 to 2013 

Pakistan remain net importer of sugar from various countries (Appendix-III) (PSMA, 

2014).  Besides sugar it provides bio fuel, fiber, organic fertilizer, chipboard, paper, 

molasses, ethanol and many other by-products with ecological sustainability are 

obtained from sugarcane.  

In 2014-15 sugarcane was grown on an area of 1.14 million hectares with production of 

62.65 million tones. Its production growth rate has been decreased from 12 % in 2010-

11 to 4.2 % in 2015-16. Similarly the acreage has also been changed and squeezed 

(Appendix-IV) (GOP, 2014-15). Average per hectare yield from 1998-99 to 2013-14 

was highest in Sindh (55 tonnes) followed by Punjab (49 tonnes) and Khyber 

Pakhtunkhwa (45 tonnes) province (Appendix-V) (GOP, 2014-15, PSMA Annual 

Report, 2014-15). Data regarding area under sugarcane crop, production and yield from 

1990-91 to 2014-15 is outlined in Appendix-VI. At national level sugarcane crop is 

disposed-off either by sale to sugar mills, by gur (raw sugar) making or used for seed 

and chewing purpose. During the last four years on average two third of the total 

national crop was crushed by the mills. The practice of gur making is dwindling over 

time in Sindh and Punjab Province, however in Khyber Pakhtunkhwa Province sale of 

sugarcane to mills depends upon its own price as well as the price of gur. Seed 

requirement of the crop are quite high, roughly about 1/6 to 1/8 of the area, depending 

on the variety and the stand of the crop is retained for seed. At national level 80-85 % 

sugarcane out of total goes toward the production of sugar (Shaheen, 2007). Because of 

traditional methods sugarcane production process is still labor intensive. Growers 

hardly follow modern practices in inputs application and inter-culturing. Improper 
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handling, harvesting and inadequate transport facilities are major causes of post-harvest 

losses (Nazir et al., 2013).  

1.4  Sugarcane Production in Khyber Pakhtunkhwa 

 Khyber Pakhtunkhwa accounts for 11.9 % of overall national population and is 

considered the third largest provincial economy. Except forest, wheat, maize, tobacco 

and sugarcane are the main crops of the province along with wide range of fruits and 

vegetables. Mineral resources, scenic valleys and hydel energy potential are being 

utilized for economic uplift of the province (Govt of KPK, 2015). Sugarcane is a major 

crop in Khyber Pakhtunkhwa, however, the yield level (45 tonnes/hectares) is far below 

the national level (50 tonnes/hectare) (Tahir et al, 2014).  It is grown in almost 

seventeen districts out of twenty five however eight districts are major cane growing 

districts, the leading one in area and production is district Charsada (34593 hectare, 

1502268 tonnes), the other districts are Mardan (30436, 1420448), Peshawar (11106, 

576850), D.I. Khan (13565, 575674), Nowshera (5225, 266241), Malakand (4570, 

175529) and Bannu (720, 282250). In last three years 15 to 20 percent of total crop was 

sold to the mills for crushing (Govt of KPK, 2012-13).  

Sugarcane growers are highly dependent on sugar mills for its fair price, intent for early 

delivery to vacate their fields, to weight their crop correctly and timely payment of their 

dues. Usually for better sugar recovery mills start crushing late that delayed following 

crop (like wheat) that has disadvantage to the farmer as the yield from a late sown crop 

gets depressed. Recently practice has developed that mills owners appoint commission 

agent to bargain on behalf of the mills to buy cane. In general the marketing of 

sugarcane is a much more serious problem than many other crops.  The farmers have no 

other alternative than to sell the bulk of the produce to the mills.  

1.5    Justification of the Study 

The crucial role of efficiency in enhancing agriculture productivity has been recognized 

by policy makers and researchers alike. A number of studies advocated that the strategy 

for agricultural development should base on enhancing crop yields, especially for small 

farmers (Khan, 2012). Growth in agriculture productivity is associated with declining 

rural poverty and increasing social wellbeing. In developing world, technological gains 
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stemming from green revolution seem to have been exhausted which justify focus on 

productivity arise from efficient use of existing technology (Bravo-Ureta and Pinheriro 

1993; Squires and Tabor 1991).   Increasing farmer’s productivity is required not only 

for net foreign exchange saving but also for export earnings. For increasing crop 

production, improvement in efficiency is suitable option for developing countries (Latt 

et al., 2011).  

In Pakistan the per capita availability of land and water is decreasing rapidly due to 

faster growth rate of human population at national level. Cultivated area has been 

reduced from 22.13 million hectares in 2001 to 22.10 million hectares in 2015 

(Appendix-VII) showing that in future more and more persons would live on less and 

less arable land. Similarly surface water requirement (103.5 million acre feet both for 

Rabi and Kharif) has not been fulfilled since past seven years despite the fact that 

Pakistan possesses the world largest surface irrigation network (Appendix-VIII). 

Efficient and sustainable use of resources having outcome based benchmark matching 

the regional and global standard has been highlighted a need under Pakistan vision, 

2025 (GOP, 2015). 

According to economic experts cost of production can be reduced either by decreasing 

inputs cost, by developing high yielding technologies or by improvement in 

management practices. But as far as Pakistan is concerned, in recent years several time 

prices of electricity, gas, petroleum products and agricultural inputs were revised 

upward and are likely to continue also in future. Historically, in agriculture outputs 

prices increases less than inputs prices. Based on these facts there is little hope for 

decreasing input cost. Similarly development of new agricultural technologies/high 

yielding varieties is a long term process which needs several years to develop and 

distribute a new variety among farming community. In Pakistan because of 

environmental factors and lack of breeding facilities, developments of new sugarcane 

varieties are not feasible (Javed et al., 2001). Only option to avail is to decrease cost 

through improvement in the management practices. In economics, improvement in the 

management practices are considered in term of technical efficiency and allocative 

efficiency (Bashir and Khan, 2005).  

In Pakistan, sugarcane (crop under study) is even more important that in the world. 

Sugar industry and sugarcane crop production absorb a significant percentage of total 
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agriculture work force. Sugarcane production has economic as well as employment 

impact on the economy of Pakistan. At national level about 8.76 million farmers are 

involved in sugarcane production along with direct employment of 100,000 people in 

sugar industry. In addition it also supports indirectly several others like agro-services 

agencies and inputs suppliers. Sugarcane crop play major role in the economic survival 

of surrounding rural communities (Rizvi, 2000). Because of low yield per unit Pakistan 

neither export sugar at competitive price nor meet the domestic demand to get rid of 

import. At national level   99% of the sugar is extracted from sugarcane (Azam and 

Mukarram, 2010).  Despite of the fact that sugarcane production is dominant among 

growers and has passed down from previous generations yet there exist wide gap in 

actual and potential yield. Sugarcane national average yield is far below from the 

existing potential (GOP, 2004). 

Sugarcane is among major crops in Khyber Pakhtunkhwa. Out of total area under 

sugarcane crop and its production at national level Khyber Pakhtunkhwa share about 

10.66 and 8.33 percent respectively in 2014-15. Area under the crop fluctuated 

frequently both at national and provincial level. Despite its pivotal role in provincial 

economy, lowest yield was recorded since long compare to national and other 

provinces yield. This leads to low income, low saving and low investment opportunities 

in sugarcane farming community. 

In Khyber Pakhtunkhwa several research studies such as Tayyeb (1972),  Singh (1979), 

Iqbal (1979), Ali (1986), Asif et al., (2005), Hussain et al. (2006),  Rehman et al., 

(2012) ,Nazir et al., (2013) and  Ali et al. (2013), has been conducted but they are 

confined to agronomic aspects of sugarcane crops. Very few studies (Ali and 

Chaudhary 1990, Rehman et al., 2012, Ali et al., 2013, and Nazir et al., 2013) 

pertaining to sugarcane crop in Khyber Pakhtunkhwa has been carried out but these are 

concerned exclusively with measurement of technical efficiency. In these studies gains 

in output that could be obtained by improving allocative efficiency has been ignored. 

The presence of shortfalls in efficiency represent yield gap between actual and potential 

that can be bridge without additional inputs and new technology. Empirical 

investigation of economic efficiency and its determinants in sugarcane farming is a dire 

necessity to quantify gains that could be obtained by improving grower’s performance 

with a given technology. An important policy implication and underlying premise 
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behind this work is that if farmers are not efficiently use existing technology, than 

efforts to improve productivity would be more cost effective than introducing new 

technology for increasing farm income and outputs (Belbase and Grabowski 1985; 

Shapiro and Muller 1977)  

The study in hand has been designed to determine economic efficiency and go beyond 

the technical efficiency and bridge the gap so far. This research study carries both 

practical and theoretical importance. At practical level it would provide updated 

information to sugarcane growers, policy makers and all others concerned stakeholders. 

At the theoretical level it aims to contribute to the understanding of sugarcane grower’s 

performance in Khyber Pakhtunkhwa.    

The points highlighted above (such as low sugarcane  per unit yield, limited chances of 

area expansion, increase in population, decrease in irrigation water, persistent increase 

in inputs cost and little attention paid so far to quantify and identify the determinants of 

economic efficiency) justify the current study.  

1.6     Objectives of the Study 

 Objectives of the study include:-  

1. To estimate  per acre net return of sugarcane production in Khyber 

Pakhtunkhwa  

2. To estimate the level of Technical, Allocative and Economic efficiency  of 

sugarcane producers under existing level of inputs and technology 

3. To identify socio-economic variables causing inefficiency if any. 

4. To suggest policy measures for enhancment of efficiency in sugarcane 

production. 

1.7        Organization of the Study 

Current study carries five chapters. In first chapter introduction and background 

information has been presented. Literature review was describes in chapter 2. Research 

methodology was elaborated in chapter 3. Results and discussion are presented in 

chapter 4. In chapter 5 summary conclusions and recommendations has been added.  
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II. REVIEW OF LITERATURE 

In this chapter review of relevant literature was carried out for knowledge sharing, 

background information, procedures and orientation to problems under investigation. 

Review of various methodologies applied overtime, research questions addressed, main 

findings and policy implication thereof help in developing theoretical model for 

estimation of farmer’s economic efficiency.  

This chapter is divided into five sections. Historical background regarding pioneer steps 

of efficiency analysis was discussed in section first. Commonly used terms in this study 

has been describes in section two.  Section three focuses on literature pertaining to 

gradual improvement in methodology overtime. Section four contains review of 

efficiency studies in agricultural sector of developing/developed countries. Review of 

studies conducted at national level related to agricultural sector has been reviewed in 

section five.   

2.1 Discussion of Three Types (Technical, Allocative and Economic) of 

Efficiency Dealt Within Current Research Study 

2.1.1 Technical Efficiency 

Technical efficiency represents a firm ‘s ability to avoid waste by producing  a 

maximum level of output as input usage allow or on the other hand using as little inputs 

that production allow. Presence of Shortfall in efficiency represents the situation that 

output can be increased with given inputs and technology. Farrell (1957) introduced 

measure of technical efficiency in term of orientation to inputs-conservation and output 

augmentation that is feasible with given technology. In both orientations, a score of 

unity means a firm is technical efficient and a value different from unity indicates the 

extent of a firm’s technical inefficiency. Since long technical inefficiency of producer 

has been a subject and area of considerable focus in economics. Muller (1974) reported 

that non-physical inputs such as producer knowledge has influence on his ability to use 

available technology set fully, but little is known about its role. Farrell’s approach was 

applied extensively in various efficiency related studies with many refinements.  
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2.1.2 Allocative Efficiency 

Allocatiave efficiency has been interpreted both as a cost minimization and profit 

maximization approach.  As a cost minimization approach Farrell (1957) defined 

allocative in-efficiency as inability of the farmer to equate ratio of marginal product of 

input with their prices. On the other hand Lau and Yotopolous (1971); Schmidt and 

Lovell (1979), Kopp and Diewert (1982), and Zieschang (1983) considered allocative 

inefficiency as inability of farmers to equate marginal value product of inputs to its 

prices. The general way to estimate allocative efficiency, in cross sectional data is to 

test the equality between the estimated Marginal value product (MVP) and Marginal 

Factor Cost (MFC) (Bashir and khan, 2005) 

2.1.3 Economic Efficiency 

Most of description on economic and productive efficiency stem from studies of 

Michael Farrell (1957).  Over fifty years ago, Farrell (1957) define economic efficiency 

(EE) as the capacity of firm/producer to produce a given quantity of output/yield by 

using the cost minimizing ratios or it represent capacity of a firm to produce a free 

determined quantity of output at minimum cost for a given level of technology. A 

producer is consider inefficient if he either obtain less output from a given set of inputs 

(technical inefficiency) or by not considering the lowest cost inputs given their 

respective prices and marginal productivities (allocative efficiency). Combination of 

technical efficiency and allocative efficiency yield the level of economic efficiency. It 

can be categorized as either input or output oriented.  Input oriented approach evaluates 

how much input quantities can be reduced without changing the output produced, while 

in output oriented measures the extent to which output quantities can be expended 

without altering the input quantity is analyzed.  In order to be economical efficient a 

producer must be both technically and allocativelly efficient. Economic efficiency is an 

index between zero and one and is obtained by multiplication of technical and 

allocative efficiency indices. If the value of EE is less than 1, than the firm is 

economically inefficient (Ozkan et al, 2009). 
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2.2 Dual Method or Duality 

In Production Economics Dual method or Duality relates to linear programming or 

linear optimization models. It refers to the fact that subject to certain constraints any 

linear programming problem can be expressed either as a maximization or a 

corresponding minimization problem. Within linear optimization either maximization 

or minimization function can represent primal. If the primal is a maximization function, 

the corresponding dual will be the minimization function, conversely if minimization 

problem is primal the corresponding dual will be the maximization problem. The key 

characteristic of dual relationship illustrate that information about the solution to the 

primal can be obtained from the corresponding dual and similarly information with 

respect to the solution of dual can be obtained from the corresponding primal. Duality 

that exists between the production function and the cost function has been focused in 

contemporary production theory (Debertin, 2012). 

 Dual cost function of a single input production function: 

Y = xb     

can be represented in physical and cost terms as  

  X = 𝑌1/𝑏 .  

                  νX  =  ν 𝑌1/𝑏    where ν represent inputs prices 

In current study following Bravo-Ureta and Pinheriro (1996) corresponding cost 

frontier from production frontier was derived as follow: 

Y  = f ( Xi, βi) 

Where Y represent output, Xi represent inputs used and β is vector of unknown 

parameters. 

C = f ( P, Y, α) 

Where C represent minimum cost to produce output “Y”, “P” and “α”  are vector of 

inputs prices and  parameters respectively. 
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2.3 Historical Background 

Debreu (1951) and Koopmans (1951) were the first to initiate efficiency analysis but 

formal base for current theory of efficiency analysis was laid down by Farrell (1957). 

His pioneer article on production frontiers provided a paved way for various 

approaches to efficiency analysis of observed units. He constructed a measure of 

productive efficiency which accounted for all inputs and overcome index number 

problems (approach prior to frontier production function). His model was applied for 

efficiency analysis of agricultural production in 48 states of the United States for the 

year 1950. Output was measured by cash receipts from farming plus the value of home 

consumption. Inputs considered included land, labor (farmers, farm managers and 

unpaid family workers), materials (feed, livestock and seeds) and capital (farm 

implements and machinery).  Drawing from Debreu and Koopmans Farrell proposed a 

division of efficiency into two components: technical efficiency and allocative 

efficiency. He rejected the concept of absolute measurement that based on results from 

experimental plots in agriculture research stations and suggested efficiency 

measurement in relative terms. Following the seminal work of Farrell various 

modification and improvement was made.  

Economic theory is the foundation of production function models. Building models that 

are consistent with economic theory and reality is the ultimate goal of econometricians. 

It is in this spirit that Aigner and Chu (1968) translate Farrell’s frontier into a 

production function and later on  Aigner et al. (1977), Meeusen and Van den Broeck 

(1977), Charnes et al. (1978) and Battese and Corra (1977) suggested the stochastic 

frontier approach. The stochastic frontier model has been widely accepted, applied and 

modified since its inception. SFA  is more in line with the definition of a production 

function in economics than the so- called average production function and more 

realistic than the deterministic frontiers .This approach deals with stochastic noise and 

permits statistical test of hypothesis pertaining to production structure and degree of 

inefficiency. 

Traditionally for description of production technology Ordinary Least Square (OLS) 

regression was used.  In spite of maximum and minimum OLS gives average measures. 

The term efficiency is used to calculate maximum output/minimum cost and has 

relevance in assessing a producer performance. The term efficiency usually refers to 
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economic or productive efficiency of firm, farm or organization and represents 

maximum feasible output from a given quantity of inputs (Farrell, 1957). According to 

Ahmad and Bravo-Ureta (1996), Heady (1946) was first researcher who used 

production function for producer performance analysis. 

Efficiency related analysis in agriculture sector of developing countries get attention 

because of statement proposed by Schultz (1964) that farmers are poor but they are 

efficient.  He assume that because of passing up from generation to generation, any 

possible improvement in agriculture production have been exhausted. Because of 

Schultz’s hypothesis agriculture was assumed static in initial studies Hopper (1965). A 

large number of research has been under taken to test Schultz’s hypothesis.  

2.4 Production Function and Production Frontier 

In microeconomics theory a production function is one that specifies the maximum 

possible outputs of a firm, an industry or the entire economy for all combinations of 

inputs. Production function is an assumed technological relationship based on current 

state of technology. It does not illustrate outcome of economic choices but as an 

externally given entity that influence economic decision making. In economic theories 

production function is presupposed either at firm or the aggregate level (Daly, 1997; 

Cohen and Harcourt, 2003).  

Process of transforming inputs into either intermediate or final consumer goods  is 

called production while  production function  represent attainable maximum output 

from given level of inputs and technology (Beattie and Taylor, 1985) . In most of 

empirical studies up till late 1960’s production function was estimated by traditional 

least-squares methods that was described more appropriately as response/average 

function. The theoretical definition of a production function (obtaining maximum 

output from given input bundles with fixed technology) was accepted for many 

decades. And for almost as long, average production functions were estimated by many 

econometricians.  

Farrell (1957) pioneer work paved the way for econometric modeling of production 

function. Consideration was given to so-called frontier production function with aim to 

bridge the gap between theory and empirical work. A production frontier or bench mark 
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represent relationship between input and the output, reflecting the maximum output that 

can be achieved from each input, or alternatively representing the minimum input used 

to produce a given level of output. It describes the current state of technology in a 

particular industry. An economically efficient input-output combination will be on 

production frontier. 

2.4.1 Frontier Production Function 

Frontier Production function represent Maximum feasible output from a given level of 

inputs. Farrell (1957) called this best practice frontier in first case while in second case 

Forsund, Lovell and Schmidt (1980) called it absolute frontier. In agriculture sector 

maximum yield represent potential yield obtained by a farmer in an area because yield 

obtained at research stations may not match a common farmer because of difference in 

physical and socio-economic conditions. In order to investigate causes of inefficiency 

and ways to reduce its reduction the frontier production functions plays a significant 

role (Battese 1992). In Frontier methodologies the frontier is deterministic if 

observations lie on or below the frontier on other hand due to random errors if 

observations lie above the frontier than it represent stochastic frontier (Hussain, 2004). 

2.4.2 Input-Oriented Efficiency Measures 

Figure 1 describes Farrell (1957) multi-input, constant return to scale with single output 

case where input, X1 and X2, are taken at both (horizontal and vertical) axes. For a 

given amount of output different combination of these inputs was represented at 

isoquant SS/.  Production on isoquant SS/    represent technically efficiency.  A producer 

at point P produce the same quantity of output Y as on isoquant SS/.  A line was drawn 

that join origin to the point P and cross the isoquant at point Q.  Point Q represent 

technically efficient producer compare to point P where inputs are not use more than 

it’s actually needed. Ratio of distance from origin to point Q and P represent technical 

efficiency of producer at point P that is given below in figure 1: 

      TE = OQ/OP 
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Figure 1. Farrell (1957) input-oriented Measures for Technical and Allocative 

Efficiencies 

For description of current producer allocative efficiency an isocost line AA was drawn 

tangent to the isoquant, SS that intersects OP at the point R. For output at point Q, 

minimum cost and best use of resources is at point Q/   , at this point cost can be reduced 

without any reduction in output. Ratio of distance from origin to point R over distance 

to point Q represents allocative efficiency for producer under study i.e, AE = OR/OQ. 

While product of technical efficiency and allocative efficiency give economic 

efficiency, EE = (OQ/OP) (OR/OQ) = OR/OP  

2.5   Literature on Concept of Efficiency  

In this section review of relevant research studies has been added out for development 

of theoretical as well as empirical background. Agricultural efficiency analysis is 

equally important to both developed and developing economics. Traditional growth 

theories and models link efficient allocation of resources in agricultural sector to 

overall economic growth and development of a country. Historically, over time 

agriculture sector supply productive resources to other sectors as its productivity and 

efficiency improves. 

Studies related to agricultural efficiency conducted from back 1950 to 2000 and beyond 

can be divided into three distinct periods. These include studies conducted from 1950 to 

1980 followed by studies in 1990, 2000 and beyond. The divisions were made to 

clearly understand purpose of studies, methodologies employed, results obtained and 

their implications for policy purpose. 
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i. 1950 to 1980 Period 

In studies conducted prior to 1990 main objective was to determine technical efficiency 

in agriculture production. Allocative efficiency was not investigated because it requires 

data on input prices which was difficult to obtain in most of the cases.  

ii. 1990 Period 

Technical efficiency along with allocative and scale efficiency were focused in studies 

carried out during 1990. Efficiency level among various sizes of farms and how 

different estimations techniques yield different results were focused.  

iii. 2000 to Date 

In studies during 2000 and onward different methodologies were tried to determine 

agricultural efficiency. Effect of government policies, relative contribution of inputs 

growth and management practices were also investigated. 

Index numbers and simple econometric techniques were used in studies conducted prior 

to the development of DEA (Data Enveloping Analysis) and SFA (Stochastic Frontier 

Analysis) approaches. Application of DEA and SFA techniques were started by mid 

1970 till the end of 1980 in a simple manner. During the 1990 in most of the studies 

these techniques were tried jointly. During the period unintended econometric errors of 

early studies, impact of various estimation techniques, functional form and sample size 

on efficiency estimates were studied (Darku et al., 2013) 

2.5.1 Literature Review General 

Agriculture sector has a vital role in economies of developing countries (Haque 1993). 

A number of studies related to performance of growers conducted in developing 

countries were reviewed here, these information has importance for all stakeholders in 

policy formulations. 

Lau and Yotopoulos (1971) used profit function approach for relative efficiency in 

Indian agriculture system. Technical and allocative efficiency level was estimated 
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through an operational model. It was concluded that in available resources (land and 

capital) small farmers are efficient than larger one. 

Kalirajan (1981) examined yield variation of rice growers through Cobb-Douglas 

stochastic frontier production function. Data was collected from seventy growers. 

Variance in farm size effect was found significant in explaining the yield variation. 

Estimated sigma square was 81%.  Difference in maximum and observed yield was 

explained by socio economic characteristics such as growers experience, education 

level and contacts with extension workers. Findings were found beneficial for 

suggesting policies to improve grower’s productivity. 

Bagi (1982) employed translog frontier production function for technical efficiency of 

34 crop sharing farmers in India. Parameters were estimated through corrected ordinary 

least square estimate (COLS) regression. Average efficiency score was 93.4% having 

rang from minimum 92 to maximum 95%. High technical efficiency was consistent 

with low variances of farm size effects. Stochastic frontier and the average production 

function illustrate identical results. 

World Bank (1983) conducted study to analyze performance of both small and large 

farms in Kenya. Cropping year 1973-74 data was used. It was found that small farms 

(under 0.5 ha) output and employment was high 19 and 30 times respectively than that 

of the large farms (over 8 ha). It was concluded that productivity and employment can 

be raised by 7 and 8% with only 10% increase in farm size. The study upholds the 

contention that agriculture by large enjoys constant return to scale and family labor is 

more efficient than the hired one. 

Fare et al. (1985) tried technical efficiency in three components (scale, congestion and 

purely technical efficiency) for time series agricultural data (1948-1967) of agriculture 

in Philippine. These three components collectively made up the overall technical 

efficiency. To rule out technical progress, production efficiency was measured only 

relative to production in that year and the earlier years. Inefficiency due to increasing or 

decreasing return to scale was examined. It was concluded that agriculture in Philippine 

possess technical efficiency except a few years scale inefficiency.  
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Anandalingam and Nalin (1987) described technique of decomposing production 

efficiency into allocative and technical component that remain in control of firms and a 

structure component that is determined by the economic environment.  Restricted cost 

frontier was estimated for inferring cost frontier with measurement of all efficiencies 

same way up to origin of input quantity space. It was reported that structural 

inefficiency arises because of environment external to producer production activities. In 

case of its existence the government may design policies to overcome its rigidities. 

Structural inefficiency provides additional features for international comparison of 

industrial efficiency and productivity. 

Ali and Derek (1991) reviewed the growing literature and empirical results on 

economic efficiency of farmers at developing countries. The emphasis was to study 

conceptual and methodological issues in efficiency estimation. Analyzing efficiency 

(both technical & allocative) by production frontier illustrate efficiency of inputs in 

term of timing, application and its cost. Inefficiency estimated by this way would likely 

be due to managerial variables such as education and technical knowledge. Inefficiency 

causes were identified by analyzing the residuals in terms of inputs timing, level, 

methods of application and system constraint. It was highlighted that in agriculture 

technical efficiency is likely to be overestimated because of not considering important 

variable. In post-green revolution era deficiency in information, formal schooling and 

technical skills are likely to be more serious because of switching over from a 

traditional agriculture to science based agriculture. Failure to analyze agriculture 

system as whole, distinction between technical and allocative efficiency just to the level 

of inputs aggregation and overall 30% inefficiency were highlighted the major issues. 

Further improvement in efficiency analysis, adaptive research, extension services, 

education and improved input supply were proposed for increasing per unit yield. 

Battese and Coelli (1992) analyzed inefficiency effect associated with time variation of 

paddy farms in the Indian state of Andhra Pradesh. Stochastic frontier production 

function was employed to paddy farm panel data. Technical inefficiency and non-

negative farm effect were found associated with result of exponential function of time 

and last panel data respectively. The technical efficiencies noted during the period 

1975-76 varied between 0.55 and 0.86 while it was 0.84 to 0.96 % in 1984-95. As per 
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assumption of exponential model, the technical efficiencies tended to increase over 

time. 

Bravo-Ureta and Evenson (1994) tried Cob-Douglas production function in 

continuation with work of Kopp and Diewert,s (1982). For economic efficiency of 

cotton and cassava growers in Eastern Paraguay cost decomposition approach was 

applied to data pertaining to the year 1986-87.  They found mean technical, economic 

and allocative efficiency for cotton producers were 58, 41 and 70 percent respectively. 

These values for cassava were found 59,52 and 89 percent. Weak relationship in socio-

economic factors and efficiency was noted. It was concluded that proper use of 

available resources, education and extension services can increase productivity. 

Battese and Coelli (1995) develop a technical inefficiency effect model for ten years 

panel data of 14 Indian paddy farmers. Inefficiency effect was analyzed in context of 

farm specific characteristics that have bearing on technical efficiency. Except the 

bullock power all the signs presented by the model were according to expectation. It 

was reported that highly educated growers were less inefficient compare to low and 

uneducated growers. 

Ngwenya et al. (1997) estimated wheat grower’s technical efficiency in context of farm 

size in South Africa. Cobb-Douglas frontier production function was employed with 

consultation of technical inefficiency effect model of Battese and Collie (1995). Small 

farms were found inefficient compare to large ones. Mean technical efficiency score by 

Cobb-Douglas production function was 67 percent while it was 79 percent in the case 

of translog production function. 

Bravo-Ureta and Antonio (1997) studied sixty peasant farmers performance (technical, 

allocative and economic efficiency) in Dajabon area of Dominican Republic. Cobb-

Douglas production frontier and the corresponding cost frontier were estimated through 

Maximum likelihood estimation technique (MLE). TE, AE and EE were examined in 

term of farmer various characteristics (Contract farming, farm size, education, reforms 

status, age and household size). The analysis revealed that mean technical, allocative 

and economic efficiency was 70%, 44% and 31% respectively. It was concluded that 

educated young farmers having medium size farm and are beneficiaries of agrarian 

reform program are on high level of TE, AE and EE respectively. 
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Seyoum et al. (1998) analyzed maize growers cross sectional data for the year 1995-96 

in Ethiopia. Cobb-Douglas type stochastic frontier function approach was employed to 

calculate productive efficiency of maize producers. During comparison it was revealed 

that growers in project area were efficient than those of the non-project counter parts. 

The mean technical efficiency of growers in project area was 97 percent while it was79 

percent for growers in non-project area. The study reported direct relationship between 

new technology and farmers output.  

Amaza et al. (2006) estimated stochastic frontier for technical efficiency of food crops 

in the guinea savannas of Borno State, Nigeria using MLE method. Data was collected 

from 1086 sample farmers in 2004. Results heighted that farm size, fertilizer and hired 

labour are the major factors associated with change in production of food crops.  Mean 

technical efficiency index was found to be 0.68. In inefficiency model farmers age, 

education, credit, extension and crop diversification were found significant for 

observed variation in efficiency among the farmers. It was suggested that with current 

state of technology technical efficiency in food crop production can by increased by 32 

percent through better use of available resources. 

Msuya and Ashimog (2007) employed Cobb-Douglas production function for 

productivity analysis in District Mvomero Tanzania. The author obtained cross 

sectional data of 140 out grower and non-out grower rancher in a single visit. 

FRONTIER Version 4.1 program was used for analysis. Positive relationship was 

reported between productivity and rancher age and specific training. 

Kolawole and S.O. Ojo (2007) studied productivity efficiency of food crop production 

in Nigeria for small farmers. Data was collected through multistage sampling technique 

from 200 farmers. Descriptive statistics, stochastic frontier and cost function models 

were tried. The return to scale (RTS) for production function revealed that growers are 

operating at Irrational zone (Stage I). Mean technical, allocative and economic 

efficiency was 0.73, 0.87 and 0.68 respectively. Allocative efficiency score was better 

than technical efficiency. Research effort directed toward generation of new 

technology, attracting young and capable people in farming business and assistance in 

form of loan were the factors identified for enhancing productive efficiency. 
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Frito et al. (2008) employed stochastic frontier production function to study the effect 

of socio economic and demographic factors on technical efficiency of bean (a 

traditional crop) and potato (non-traditional crop) in Haiti. Dependency on external 

resources for inputs encounter difficulties in maintaining sustainable yields for 

alternative crops in Haiti. Data from 243 limited resource farmers were used in the 

empirical analysis. Results illustrate that technical efficiency for bean and potato has 

dependency on access to credit and education level.  Potato production found 

technically more efficient and profitable than bean. Bean production requirements were 

noted less in term of inputs and foreign exchange for input purchase. Focus on foreign 

aid and possible reduction in input cost was recommended for improvement of 

productivity in non-traditional crops. 

Dlamini et al. (2010) employed Cobb-Douglas type stochastic production frontier 

function for technical efficiency of small sugarcane growers in Swaziland. Cross 

sectional data was collected from 40 Vuvulane scheme and 30 individual sugarcane 

farmers.  Variation was noted in results. Mean technical efficiency score for Vuulane 

sugarcane farmers was 73.6% with range from minimum 37.5% to maximum 99.9%. 

Technical efficiency mean value for Big bend individual sugarcane farmers was 86% 

and it ranges from minimum 71 to maximum 94%.  They noted that sugarcane growers 

at Vuvulane over utilized land. Proper land utilization, farm size, education and age 

were considered important for decreasing inefficiency. Off-farm income earning 

activities for small farmers were highlighted specifically for increasing productivity.  

Stefan et al. (2011) tried quadratic production function for technical efficiency of rice 

growers in Bangladesh. Computer package Frontier was used. Survey data showed 

variability in technical efficiency in the range of 0.16 to 0.94 with mean value of 

0.83%. Potential for improvement in output at existing level of resources and 

technology was highlighted. Grower age and education along with availability of off-

farm incomes, extension services, access to microfinance, land fragmentation and 

regional variation were considered responsible for efficiency variation in study area. 

Policies at government level were considered necessary to focus these issues for 

improvement in farmer’s technical efficiency. 

Latt et al. (2011) studied sesame farmer’s technical efficiency level and factors 

affecting its yield in Myanmar. Stochastic frontier production function was applied in a 
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single-stage by using Frontier computer program. Cross-sectional data was randomly 

collected from 115 sesame growers. Grower’s average technical efficiency level was 85 

percent ranging from minimum 54 and maximum 85 percent. It was reported that 

proper use of fertilizer (both chemical and organic) with education and extension 

services has the potential to increase productivity.  

Dawang et al. (2011) analyzed economic efficiency of integrated crop production 

(maize and potato) in plateau state, central Nigeria. 200 famers were selected for 

interview through multi-stage sampling technique. Descriptive statistics, stochastic 

frontier production and cost functions models were employed for statistical analysis. 

Mean values for technical, economic and allocative efficiency was 0.56, 0.68 and 0.68 

respectively. Econometric analysis highlighted that farmers were at stage II of 

production function representing irrational phase (Return to scale value 0.27). 

Inefficiency was also depicted by the gamma coefficients in the production and cost 

function models. It was concluded that age, experience, educational level and extension 

services are significant determinants for technical efficiency. Gower experience, 

educational level, and membership of cooperative society significantly increase 

farmer’s ability to produce at minimum cost. According to their findings transformation 

in production of maize-Irish potato needs to consider these socioeconomic variables. 

Tchereni et al. (2012) evaluated efficiency levels of smallholder cane grower’s scheme 

by Cobb-Douglas stochastic frontier model in Malawi. Mean technical efficiency level 

was found 89% ranging from minimum 52 to maximum 97%. The study highlighted 

that farm size, grower experience and weeding methods are major determinants of 

technical efficiency. 

Philips and Mbaussor (2012) used panel data collected from 60 agribusiness firms to 

analyzed constrained and technical efficiency differentials among these firms in 

Nigeria.  Panel data for the period 2000-2010 were analyzed with the help of stochastic 

frontier production function. The mean technical efficiency was 86% ranging from 

minimum 56% to maximum 99% respectively. Cost of labor and raw material, 

depreciation in fixed assets, access to credit and market and nature of ownership were 

highlighted main determinants of performance in study area. In constrained efficiency 

cost of production, poverty, poor infrastructure, macroeconomic instability and lack of 

security among others were found prominent.  
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Padilla et al. (2012) apply non-parametric data envelopment analysis technique for 

estimation of productive efficiency in central Negros area of Philippine. Cross sectional 

survey data pertaining to year 1997-98 was used. It was reported that small farm 

appears to be more economically efficient than medium and large farm size. However, 

in inputs prices large farms has economy of scale while small farm face hurdles. 

Inefficiency differences found were due to physical inputs used and its cost. It was 

recommended, that government cooperative programs may provide access of small 

farm holders to cheaper inputs for enhancing their production efficiency. 

Mohapatra and Bhabesh (2013) tried two limit Tobit regression model to study   

technical, allocative and economic efficiency of sugarcane growers in Odisha, India. 

Cross sectional data was collected from 200 sugarcane farmers. Respectively mean 

values for technical, allocative and economic efficiency noted 0.79, 0.23 and 0.19%. 

College level education and experience were found significant for improvement in 

allocative efficiency, however its contribution in technical efficiency was found non-

significant. It was concluded that focus on extension services, education and farm 

specific training can contribute in increasing overall economic efficiency. 

Nsikak et al. (2013) estimated farm-level, output-oriented technical efficiency by fitting 

stochastic production frontier function. Data was collected through two-stage sampling 

technique from 80 resource poor yams farmers in rural Nigeria. By use of the 

maximum likelihood technique, asymptotic parameter estimates were evaluated to 

describe efficiency determinants. Land, labor and planting materials were considered as 

independent production factors. Mean value for efficiency arrived at 78% which show 

that output can be raised up to 20 % at available resources and technology. Farm 

resources such as family labour, land, manure and hired labour were found significant 

factors for yams production.  

Aziz (2013) analyzed overall economic inefficiency of vegetable growers in 

Uzbekistan, shadow prices technique was used for inputs where price information was 

not available. The overall inefficiency score was found 0.68%. Model reported seed as 

the most economically inefficient input in producing vegetables. Farmers were not able 

to allocate their resources optimally in the cost minimizing sense. Focus toward 

extension services, the non-traditional means of production and easy access to market 

information were highlighted necessary. Policy recommendations for developing 
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countries should focus on increase in agricultural production through suitable 

technology and management techniques applied to farms, resources and agricultural 

land. 

Rangalal et al. (2013) estimated economic efficiency of 200 sugarcane growers in 

Odisha, India.  Two limit tobit model was employed. Mean technical, allocative and 

economic efficiency was respectively 0.792, 0.233 and 0.192%. Significant role of 

higher education was observed in improving grower’s technical efficiency. Results 

revealed positive relationship of farming experience and small farm size compare to 

large one in improving cost efficiency. Results of the study recommended proper 

extension services, experience and education for reduction of farm inefficiency. 

Londiwe et al. (2014) investigated productive efficiency (technical, allocative and 

economic efficiency) by using stochastic frontier production function of 231 sugarcane 

growers in the Mpumalanga province of South Africa. Small farmers were focused in 

the study. It was found that labor, herbicides and fertilizer contribute significantly to 

sugarcane production. It was concluded that farmer education, farm size, farming 

experience and age has negative relationship with inefficiency. Government investment 

in public education would contribute positively to productive efficiency. 

Susan et al. (2014) estimated the technical efficiency and its determine factors by using 

SFA of maize growers in central province of Zambia. Primary data was collected from 

400 households. They reported opportunities for increasing productivity at current 

inputs level. Mean technical efficiency found was 50% which ranges from minimum of 

2% to maximum 84%.  Results showed that age, certified seed, loans facility, extension 

services and off-farm income contribute toward technical efficiency. Strategies for 

access to credit, extension services and certified seed were recommended to increase 

technical efficiency of maize growers in study area. 

Thabethe et al. (2014) analyzed performance of 231 small farm sugarcane growers in 

Mpumalanga Province of South Africa. Stochastic frontier approach was used. 

Respectively average score found was 68.4, 61.3 and 40.9% for technical, allocative 

and economic efficiency of sugarcane growers in study area. Labor, herbicides and 

fertilizer were found major contributors in production. From analysis it was concluded 

that focus on grower training and specific to sugarcane education can decrease 
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inefficiency. It current level there is potential to increase yield with existence level of 

inputs and technology. 

Trujillo and Iglesias (2014) analyzed influence of farm size and some specific socio 

economic characteristics on technical efficiency of small pineapple farmers in 

Santander Colombia. Cobb-Douglas type stochastic frontier model was employed. 

Inputs data collected from 194 pineapple farms that exhibits positive and statistically 

significant influence on yield. Technical efficiency varied in range from minimum 11% 

to maximum 95% with average value of 76%. Statistically significant contribution was 

noted for farm size, farmer’s education, and experience.  on the other hand contribution 

of farmer’s off-farm income, access to credit and  technical assistance was found 

statistically non-significant. It was concluded that education and farm size may be 

focused for policy implication and inefficiency reduction. 

Ilembo and Kuzilwa (2014) estimated technical efficiency of tobacco crop by using 

stochastic frontier production function of Cobb-Douglas type in Tanzania. Mean 

technical efficiency level was found 64.7%. This deduced that there is still opportunity 

to increase tobacco production by using the current level of inputs and technology.  The 

variables such as farm size, input credit use, off- farm income and education positively 

influenced technical efficiency. Only age of grower showed a positive relationship with 

inefficiency. Being a capital intensive crop they concluded that farmers should be 

encouraged to participate on the input credit system for enhancing technical efficiency.  

Provision of training on the proper use of farm inputs and farm management and raising 

education level will improve technical efficiency. 

Ogada et al. (2014) estimated technical efficiency of small food farmers in Kenya. 

Correlation between technical efficiency and environmental factors was also examined. 

For study panel data was analyzed through two-stage nonparametric approach. The 

study finds that technical efficiency differentials are influenced by environmental 

factors, production risks and farmer characteristics. The policy implication was that the 

country has room to improve agricultural productivity by managing environmental and 

farm-level constraints. They suggested that farmers should be encouraged to apply 

farmyard manure, rather than relying mainly on the usually expensive chemical 

fertilizers.  Access to agricultural credit and improvement in transport network to farm 

household considered important for decreasing inefficiency.  
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Chaitip et al. (2014) investigated technical efficiency of farming households by using 

DEA method in major sugarcane growing regions of Thailand. Panel data for period 

2008 to 2012 was analyzed. Technical efficiency was modeled as a function of 

sugarcane yield and production factors. Area and rainfall as regional factors were found 

significant in determining technical efficiency.  

Athipanyakul et al. (2014) conducted study with main objective to measure the 

technical efficiency of rice production in Thailand. Stochastic frontier approach with 

Cobb-Douglas type production function was applied. Data was obtained from 181 rice 

farmers. Results showed that on average technical efficiency were 0.70 % and the rank 

of its score varied from 0.22 to 0.94%. Comparatively better performance was noted for 

farmers who produce rice both for household consumption and commercial purposes.  

Farm specific training was highlighted a major factor for decreasing inefficiency. 

Umer et al.  (2017) compare technical efficiency estimate obtained from Cobb-Douglas 

and Translog frontier models. Data was collected from 60 dry season tomato growers in 

Jos –South Area of Plateau State through three stage random sampling technique. Mean 

technical efficiency estimate was found 89% based on Cobb-Douglas production 

function, while same was noted 54% based on Translog frontier production function 

estimation. He noted that estimated elasticities from two functional forms are differ 

significantly. Therefore, the author has concluded that choice for functional form 

should be based on convenience and objectives of the study. 

2.5.2 Literature Review Specific to Pakistan and Khyber Pakhtunkhwa 

Leibenstein (1966) reported that Pakistan can enhance productivity and reduce cost 

through payment by results, worker training and supervision in textile sector. It was 

highlighted that there is potential to increase overall productivity and reduce cost from 

10 to 14 % in textile sector. 

Khan and Maki (1979) carried out analysis of technical and price efficiency for 

randomly selected small and large farms in eight districts of Punjab and Sindh 

province. They employed Lau and Yoto Poulos (1971) model for analysis. It was 

illustrated that large farms are economically efficient than small one by margin of 

eighteen percent in Punjab and 51 percent in Sindh Province. 



25 

Khan and Akbari (1986) used production function approach for impact analysis of 

research and extension services on agricultural productivity. All the coefficients in the 

model were significant. The seasonal dummy variables indicated that growth in 

agricultural productivity had a significant effect on living standard of farming 

community. It was suggested that investment in agricultural research, strengthening the 

extension services system and coordination these two segments can enhance 

agricultural productivity. 

Ali and Flinn (1989) conducted study for profit inefficiency of Basmati rice growers in 

Punjab province. They employed modified translog type function for profit frontier. 

They concluded that low standard education system, rare credit facility, irrigation water 

and late application of fertilizer are factors responsible for profit inefficiency. 

Ali and Chaudhry (1990) estimated probabilistic frontier production function for 

measurement and comparison of economics efficiencies in Punjab province. Cross-

sectional data was obtained from four irrigated cropping regions. In rice growing region 

technical efficiency was 80% while it was 87% in sugarcane region. They highlighted 

13 to 20 percent improvement in productivity with current level of farmers resources. 

Allociative efficiency was high in rice region. Profit loss on account of technical 

inefficiency was 40 to 50%. In study area 20% losses was due to allocative 

inefficiency. 

Rauf (1991) examined effect of education on technical efficiency in entire irrigated 

areas of Pakistan where both new and old varieties of wheat and rice grown 

simultaneously during green revolution. Cobb-Douglas production function was 

employed. It was illustrated that farmers education higher than primary level has 

significant effect on agricultural productivity by the way of choosing and combination 

of inputs with the existing resources.  

Battese et al. (1993) estimated two inefficiency models for wheat crops in four districts 

of Pakistan by employing stochastic production frontier approach. It was illustrated that 

production has been shifted outward overtime with significant results. Technical 

inefficiency in district Faisalabad and Badin has been decreased over time. In districts 

Attock and Dir there was outward frontier movement but not statistically significant. 
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The study suggested adoption of new technology and better extension services for 

improvement of wheat grower’s efficiency. 

Looney (1994) carried out factor, discriminative and logistic regression analysis for 

efficiency measurement of firms under public and private sector in Pakistan. The factor 

analysis pointed that efficient firms has the characteristics of value addition, capital 

intensity and decreasing costs. Public firms were noted more efficient than the private 

firms. Based on relative contribution the firm size, skilled labor and public ownership 

were found important. Efficient agro-based firms were the lighter industries including 

food products. Increase in number of skilled labour was considered key to higher 

efficiency. 

Parihk et al. (1995) estimated transloge cost function by using stochastic frontier 

approach for data collected from 436 farms. Mean inefficiency level was 11.5% 

ranging from minimum 3 to maximum 41.5%. Farmer’s education, extension services 

and credit were highlighted means for reduction of cost inefficiency. 

Battese et al. (1996) estimated technical inefficiency of wheat crops in four districts of 

Punjab province. Panel data was analyzed through a single stage stochastic frontier 

production function. Except labor all the coefficient were found significant. They found 

negative relationship between grower age and inefficiency. It was concluded that aged 

farmers with higher education tend to be less technically inefficient but this tendency 

decline over time. 

Battese and Broca (1997) estimated technical efficiency employing both functional 

forms (translog and Cobb-Douglas) for wheat farms in four districts of Pakistan. Three 

types models were tried to examine technical inefficiency effect. In translog models no 

inefficiency effect was found, however technical change for same data arise with 

application of Cobb-Douglus production function. No difference was found in return to 

scale parameters for both functional forms. The predicted technical efficiency ranged 

from 50 percent to 100 percent. 

Barki and Terrell (1998) studied small firms in manufacturing sector of Pakistan for 

technical and scale efficiency by employing DEA approach. Based on results it was 

highlighted that with improvement in technical efficiency output could be raised from 6 
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to 29%. Currently 46% firms are at increasing returns to scale and 16% are on 

decreasing returns to scale. It was found that education and experience has positive 

relationship with technical efficiency. 

Battese and Hassan (1999) analyzed cotton data in district Vehari through stochastic 

frontier production function model. Effect of various observable variables related to 

farming operation on technical inefficiency was considered. Most of cotton growers 

were found technically efficient. It was noted that inefficiency increases with more 

intercultural operation, however it decreases for growers who performed proper 

rouging.  

Nazir et al. (2013) tried Cobb-Douglas production function to calculate allocative 

efficiency and identify factors effecting sugarcane production in Pakistan. Atotal 387 

sugarcane growers were interviewed in Sindh, Punjab and NWFP (now Khyber 

Pakhtunkhwa) provinces during the period of 2007-08. It was revealed that input cost 

such as Urea, DAP, FYM, land preparation, seeds, weeding and irrigation are important 

factors which influence sugarcane growers performance. Lack of scientific knowledge, 

delay in payment, high prices of input and low price of output were highlighted major 

problems in sugarcane production. In order to increase per unit yield of sugarcane at 

national level government may focus on these issues. 

Khanna (2006) worked out technical efficiency of sugarcane growers at plot level by 

considering water ownership as a specific explanatory variable. Stochastic frontier 

production function was estimated through maximum likelihood estimation techniques. 

It was revealed  that  null hypothesis of no inefficiency and no influence of farmers 

specific variables  on inefficiency can be rejected, Education, land area, discharge of 

tube well and distance of plots from the water source were identified to explain 

inefficiency. Estimated technical efficiency scores was highest on plots where water is 

sourced from privately owned tube well, followed by plots serviced by partnered tube 

wells and lowest on plots where water is bought. Income gains from improved 

efficiency follow the reverse patterns with the largest gains of Rs. 1082 per unit 

estimated for buyers plots and Rs.649 per unit for plots with their own tube well with 

the average of Rs.867 for all plots. 
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Bakhsh et al. (2007) employed stochastic frontier production function of Cobb-Douglas 

type for technical efficiency of bitter gourd growers in districts Faisalabad and Rahim 

Yar Khan. Data was collected through purposive sampling technique. Growers mean 

technical efficiency was noted about 60%. Numbers of irrigation, labour and farm 

location were contributing significantly to higher yield while fertilizers response was 

negative. Positive relation was found between inefficiency and growers age, while 

family size, fertilizer and plant protection measures were negatively related to technical 

inefficiency.  

Javed et al. (2009) employed DEA technique for productivity analysis of rice wheat 

system in Punjab province. Multistage sampling technique was used for data collection. 

Respectively average score for technical, allocative and economic efficiency was 0.830, 

0.477 and 0.402 percent. Farmers were found technically more efficient in study area 

compared to its allocative efficiency. They found that farm size, farmer’s age, 

education, access to extension services and credit had significant effect on farmer’s 

economic efficiency level. Policy measures to focus on these factors were considered 

necessary to enhance the farm efficiency. 

Khan (2012) conducted study to examine productive efficiency of tomato growers in 

district Nowshera, Khyber Pakhtunkhwa Province. Data was collected at household 

level through multi-staged sampling technique during summer 2010. He estimated 

Cobb-Douglas production and cost frontiers and employ theoretical framework to 

measure productive efficiency. He found significant variation in indices of both 

technical and allocative efficiency (65 and 56% respectively). Mean economic 

efficiency score was 35%. He highlighted that farmer education, age, access to credit 

and extension services has positive relationship with productive efficiency. Study 

pointed possible potential for farmers to increase its tomato production and net profits. 

Government investment in public education and strengthening of extension services 

were recommended for improvement in productive efficiency. 

Rehman et al. (2012) employed Ordinary Least Square and Co-integration techniques 

for impact assessment of education on wheat, sugarcane and tobacco crops in Khyber 

Pakhtunkhwa (KPK), province. Data for the period 1975 t0 2008 pertaining to these 

crops was analyzed. The OLS results show that area, farmer’s education and chemical 

fertilizers are major determinants of agriculture production in Khyber Pakhtunkhwa. 



29 

Long run impact of education on agriculture production was also confirmed in co-

integration. Measures to increase school enrollment in study area, availability of 

chemical fertilizer and increasing area under cultivation were proposed to increase food 

and cash crop production. 

Ali et al. (2013) tried stochastic production function for technical efficiency of 

sugarcane growers at district D.I. Khan, Khyber Pakhtunkhwa province. 100 farmers 

were randomly interviewed for primary data on variables (tractor hours, seed rate, labor 

days, irrigations numbers, chemical fertilizers, farmyard manure and herbicides) 

pertaining to sugarcane production. Grower’s age, education and experience were also 

considered. Inputs such as tractor hours, irrigation, seed rate, chemical fertilizer, labor 

days, FYM and herbicides were found significant in sugarcane production. Mean 

technical efficiency index (0.77%) suggest possible improvement in output up to 23% 

at current level of resources. In inefficiency model grower age, experience and 

education show negative relationship with inefficiency. 

Saddozi et al. (2013) studied the impact of Farmer Field Schools (FFS) on technical 

efficiency of cotton growers in southern districts of Punjab province.  Cobb-Douglas 

type stochastic frontier production approach was used. Data was collected from 400 

respondents. Mean technical efficiency score was 77.65%, however it was revealed that 

cotton growers are confronted with diminishing return to scale. Grower’s age and 

educational level show direct relationship with cotton yield. It was noted that efficiency 

level of FFS farmers was high than non-FFS   cotton growers.  FFS approach and 

proper contacts with extension workers was recommended to reduce technical 

inefficiency in study area. 
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2.6  Conclusion  

Formal base for efficiency analysis in relative terms and its division into technical and 

allocative components was laid down by Michael Farrell in 1957. According to Farrell 

(1957) Technical efficiency (TE) is associated with the ability to produce on the 

frontier isoquant, while allocative efficiency (AE) refer to the ability to produce a given 

level of output using the cost-minimizing ratios. Economic Efficiency (EE) represent 

capacity of a firm to produce a free determined quantity of output at minimum cost for 

a given level of technology. Inefficiency is related to deviation from the frontier 

isoquant and minimum cost inputs ratios. 

Aigner and Chu (1968), Aigner et al. (1977), Meeusen and Ven den Broeck (1977) and 

Battese and Corra ( 1977) were the first contributors who translate Farrell (1957) 

frontier into production function and suggested stochastic frontier approach that deals 

with statistical noise as well as inefficiency component. Cobb-Douglas type production 

function has been applied widely in studies related to farm efficiency. TE and AE has 

been estimated as a function of various attributes of the farm/farmers in the sample.  

Traditionally common attributes age, education, credit, extension services, farm size 

has been considered.  In some studies land utilization, land fragmentation and crop 

diversification were also considered. As far as Pakistan is considered in post era-green 

revolution, deficiency in information, formal education and technical skill has also been 

focused along with mentioned attributes.  

Failure to analyze agriculture system as a whole and distinction between technical and 

allocative efficiency just to the level of inputs aggregation were highlighted the major 

issues. Improvement in efficiency analysis, adaptive research, extension services, 

education and improved input supply were proposed for increasing per unit yield. 
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III. RESEARCH METHODOLOGY 

This chapter describes, universe of study, sampling technique, sample size and data 

collection procedure. Analytical framework and empirical specification employed in 

the study was also described. Methodology adopted for the study is systematically 

presented. 

3.1 Description of the Universe 

By ecological landscape Khyber Pakhtunkhwa is divided into three regions i.e. 

Northern, the central and the southern regions. Climatic impact is sever in southern 

region; central zone is moderate while northern region of the province has positive 

climatic impact (Figure. 2) (Samreen & Amin 2012). 

 

 

Figure 2. Khyber Pakhtunkhwa three Climatic Zones 

Sources:   Khyber Pakhtunkhwa Maps (2012) 
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Sugarcane crop is mainly grown in central and southern regions of the province. For 

fair representation of the study area two districts (Charsadda and Mardan) from central 

region and one district (D.I. Khan) from southern region was selected for this study. 

These districts are agrarian in nature and famous for the production of sugarcane crop. 

These districts share respectively 70 % area and 77 % production at overall provincial 

level during the year 2014-15. Combine irrigated land of these districts is about 34.62% 

of overall provincial irrigated land (Govt.KP, 2015). The population for this study was 

total numbers of sugarcane growers throughout the Province. 

3.2 Data Collection Procedure 

Primary data for the study was generated by a cross sectional survey. Survey 

methodology not only provides a framework for data collection but also provides 

proper plan for the study. It has been commonly used in such type studies. It is effective 

way to acquire relevant information by a structured interview schedule from willing 

participants. This approach enable researcher to investigate a wide range of field related 

problems (Gall et al. 1996). For current study numeric data was collected from 

sugarcane growers through a structured interview schedule that was pre tested on 

account of objectives of the study (Appendix-XII).  

3.3 Sample Size and its Calculation 

Sample is considered subset of population. It is used to draw statistical inferences 

regarding population. Sample size represents number of respondents interviewed for 

the study.  Correct sample size fairly represents the whole population/universe of the 

study. Increase in sample size leads to precision in information obtained. 

For a representative sample according to Glenn (1992), Gupta and Kapoor (1970) and 

Cochran (1963)  three criteria (the level of precision, risk or the confidence level and 

degree of variability)  need to be specified along with population size and objectives of 

the study, as reported by Miaoulis and Michener, (1976). In recent statistical studies 

methods for sample size determination are based on normal distribution, common 

confidence interval with permissible error.  
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3.4 Sample Size Determination and Sampling Technique 

Various approaches such as censes for small population, replicating a sample size of 

similar studies, using secondary data ,tables and applying formulas proposed by various 

researchers has been used for sample size determination. In current study application of 

formula approach was applied for sample size determination, because of disadvantages 

associated with other mentioned approaches.  

After purposive selection of above mentioned districts three tehsils (Takhbhia, proper 

Charsadda and Paharpur) were randomly selected each from one district respectively at 

stage-II. At stage-III respectively one union council (Shergarh, Muhammad Nahri and 

Kirrikhasor) was selected from aforementioned tehsils. Two villages given in table 3.1 

from each union council were randomly selected in stage –IV. At stage-V a sample size 

of 303 respondents was arrived by using the formula provided by Yamane (1967) given 

in below equation 3.1. He assumed 95% confidence level and e = 0.05 

n = 
21 e+



       (3.1)

 

Where; 

n =  respondents selected for interview out of total (sample size)   

  =  represent total sugarcane growers in study area  = 1260  

e =  precision level      = 0.05  

Putting the values of “N and e” in equation 3.1 for getting sample size 

n = 1260/1+1260(0.05)2      = 303 

Out of 303 sample size respondents from each districts were selected through 

proportional sampling allocation technique developed by Cochran (1977) given in 

equation 3.2. This approach has also been applied by Oyethrough (2011) and Latt et al. 

(2011) in their studies. 

            ni  =         (3.2) 
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Symbols represent: 

ni   =   number of sugarcane growers randomly interviewed in selected villages 

Ni =     number of total sugarcane growers in selected villages 

n =      sample size for the study 

N =  total number of sugarcane growers in the study area. 

Table 3.1 presents number of respondents selected from each village through formula 

given in equation 3.2. List of total sugarcane growers in selected villages was obtained 

from Directorate of Agricultural Extension. 

Table 3.1 Sample Respondents Proportional Allocation in Study Area 

District Union 

Council 

Villages Total 

growers 

Sample size in 

each village 

Sample size in 

each district 

Mardan Shergarh Qasim khan Bandha 254 61 109 

Shaikhan kali 198 48 

Charsadda Muhammad 

Nahri 

Sirdehri 269 64 118 

Sheikhabad 223 54 

DIKhan Kirrikashor Umerkhela 205 49 76 

Shanki 111 27 

Total 1260 303 303 

Source: Directorate of Agricultural Extension, Government of Khyber Pakhtunkhwa, 2015 

3.5 Per acre Cost, Gross Revenue and Net Return of Sugarcane Production in 

Study Area 

Expenditure made by the grower for entire crop season is called cost of production. 

Cost items labour (both family plus hired) days employed during the entire season in all 

operation, seed, total tractor hours, urea, DAP, farmyard manure, land rent, pesticides, 

irrigations) were valued at current market prices.  

Formula proposed by Debertin, 2003 given below in equation 3.3 was employed for 

calculation of total cost, gross revenue and net return. This method has been tried by 

various researchers such as Ahmad et al. (1994, 2003 and 2004), Hussain et al. (2004) 

and Ali (2012) in similar research studies.  
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NRi  =  GRi - TCi       (3.3) 

GRi  =  Pi * Y 

TCi  =   Pxi * Xi 

Where; 

Pi  =  Prevailing market price for per unit yield 

Yi        =          Yield (Kgs/acre)  

Xi  =  Quantities of inputs applied by the ith farmer 

Pxi  =  Inputs prices  

Where NRi is defined as net income per hectare and GRi  represent gross revenue per 

hectare of  ith farm. The gross revenue was obtained by multiplying per hectare yield 

with per unit price of output. TCi  is defined as total variable cost that include cost 

incurred on purchased inputs, labour hired, land rent and water charges. 

3.6 Analytical Framework  

Efficiency measurement stemmed from Farrell’s (1957) fundamental research article 

that paved the way for several approaches to efficiency and productivity analysis. Two 

main revolutionary categories (Average production function and Frontier approach) of 

efficiency measurement have been discussed in literature. Aigner, Lovell and Schmidt 

(1977) reported that average production function approach only give the mean output 

and not the maximum. This disadvantage induces the development of frontier approach. 

To date this method was extensively employed in various efficiency related studies. 

The frontier approach can be broadly categorized into non-parametric and parametric 

approaches. These approaches are discussed in following sections; 

3.6.1 Non-parametric Methods  

The non-parametric approach describes the models where estimation methods are based 

on envelopment techniques and linear programming. In this approach neither any 

functional form nor distribution assumption of error term are imposed. Famous among 

them is data envelopment analysis (DEA) method. Charnes et al. (1978) transformed 

this method into estimation technique; however for the first time it was initiated by 
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Farrell (1957). DEA techniques analyze production and cost without parameterzing the 

technology. Beginning from the assumption that there exist a production frontier that 

acts to restrict the producer in an industry. With diversity among producers, they will 

be observed to place themselves at different distances from the efficient producer 

frontier. By wrapping a shell or structure around the observed data, one can identify 

which among the set of observed producer is close to that frontier or farthest from it. 

DEA is based on comparison among observed producers. This method lacks the 

statistical procedure for hypothesis testing.  

The non-parametric approach can be also grouped into non-frontier methods and 

frontier methods. The frontier method encompasses the data envelopment analysis 

while non-frontier method consists of the use of index number (Vasilis, 2002). 

3.6.2 Parametric Approach 

Not only functional form specification for production technology but also making 

assumptions about the distribution of error term make parametric approach superior to 

that of non-parametric (Aye, 2010). This approach is subdivided into frontier and non-

frontier methods. The frontier method includes the deterministic and stochastic frontier 

models while the non-frontier method includes simple regression analysis. According 

to Kumbhakar and Bhattacharyya (1992) and Vasilis (2002) famous among these 

mentioned approaches is the stochastic frontier analysis method.  

Parametric frontier models (deterministic and stochastic frontiers) are reviewed in 

following two sub sections.  For proper illustration dependent variable Yi  has been 

expressed in term of inputs vector Xi , stochastic errors and undetectable random 

variables. 

3.6.3 Deterministic Frontier Function 

Deterministic model is one in which output are determined through known relationship 

among inputs and outputs without any room for random variation, it impose the 

assumption that all deviation from the frontier arise from inefficiency (Battese, 1992).  
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The deterministic model is defined by:  

Yi = f (Xi, β) exp (-  i)    i = 1,2,3………N        (3.4) 

Where 

Yi  = Possible production level for the ith sample producer 

f(Xi, β)            = Suitable functional form of inputs vector Xi for the ith firm and 

unknown parameters ( βi) 

 i                          = Error term associated with the firm specific factors      

The variable µi define the nature of technical inefficiency and has value between 0 and 

1. The model 3.4 is called deterministic because desired output is bounded above by the 

deterministic quantity i.e. f(Xi , β). Given the deterministic frontier model given in 

equation 3.4 technical efficiency and frontier production of ith firm is represented 

below: 

Yi  =  f(Xi , β) and       (3.5) 

 TEi  =   
Yi

Y𝑖∗
 

=    
f(X𝑖,   β) exp (− 𝑖)

f(X𝑖 ,β)
 

=  exp(-  i) 

In context of deterministic frontier production function 3.5 technical efficiency for 

individual firm can be predicted by obtaining the ratio of the observed production to the 

corresponding frontier production. 

TE^  = Yi / f(Xi , β^) where β^   is estimated either by the Maximum Likelihood 

Estimation (MLE) technique or the Corrected Ordinary Least Squares (COLS) method. 

Inferences about parameters (β) cannot be obtained by MLE technique if Ui of the 

deterministic frontier has exponential or half normal distribution because of not 

satisfying the regularity condition. According to Green (1980) the required regularity 

condition satisfied if Ui carry independent and identical distribution like gamma 

random variables having parameters r >2 and λ > 0. He called this sufficient condition 

for which the maximum likelihood estimators have the usual asymptotic properties and 

hence inferences for the β parameters can be obtained by the MLE technique.   
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3.6.4 Stochastic Frontier Function 

The term stochastic mean the situation or model containing the stochastic aspect that 

allow to handle measurement problems and other random influences that would 

otherwise show up as causes of inefficiency on part of growers (Green, 2008). 

According to Battese (1992) the stochastic frontier function represent the maximum 

possible outputs that are determined not only by the production function but also some 

random external factors as well. Pioneers of stochastic frontier were inspired by the 

idea that deviations from the frontier might not be totally in the control of producer 

being studied. The stochastic frontier production function is defined by  

Yi = f(Xi , β)  exp (vi+µi),   i= 1,2,3……n     (3.6) 

Where Vi represent two-sided error term that capture factors beyond the control of the 

producer. It is assumed to be independently and identically distributed as N(0, σ2 
v).  

The model is such that the possible yield/output is bounded above by the stochastic 

quantity f(Xi , β) exp (Vi) hence the model is called stochastic frontier model. The term 

Ui is one sided efficiency component that capture inefficiency effect in production. It 

can follow exponential, gamma or half-normal distribution (Aigner et al. 1977 and 

Green. 1980).  

 

 

 

 

 

 

 

 

 

 

Figure 3. Stochastic frontier production function  
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Figure.3 illustrates the basic structure of the stochastic frontier model 3.6. Production 

function for two firm i and j are considered. Firm i production (Yi ) from inputs vector 

Xi  exceeds the frontier output Yi
* 

 on the deterministic production function, f(Xi ,β) 

because its productivity is associated with favorable conditions for which Vi is positive. 

On the other hand firm j obtains Yj output by using XJ input vectors. Firm j output seem 

less compare to deterministic production function f(Xj , β ) because of unfavorable 

condition associated with its productivity for which the random error, Vj is negative. In 

both cases the frontier production is high than the observed production, however the 

associated unobservable production frontier for the firms under study would lie around 

the deterministic production function.   

Based on assumption of the stochastic frontier, MLE techniques give inference about 

the parameters when the standard regularity conditions hold. Different researcher such 

as Aigner, Lovell and Schmidt (1977) reported that the maximum likelihood estimators 

of the parameters be calculated in terms of the parameterizations, ( 2 = 
2

v + 
2

u  

and  = 
v

u




).  As technical efficiency of an individual firm represents the ratio of 

observed output to the corresponding frontier output, in this connection it is same both 

for deterministic (3.4) and stochastic (3.6)   models as given below: 

i  =  exp ( )i−      (3.7) 

i   =  
*

i

i




 

=    
f(X𝑖,   β) exp (− 𝑖)

f(X𝑖 ,β)
 

=  exp(-  i) 

Equation 3.4 and 3.6 yield same technical efficiency of a firm both for deterministic 

and stochastic model.  But according to figure 3 they have different values for the two 

models, the technical efficiency of firm j under the stochastic frontier model is high 

than for the deterministic one i.e.  

*

j

j




> (Yj / f (Xj , β) 



40 

Unfavorable condition associated with firm J for stochastic frontier is relatively less (i.e 

vj < 0) compare to maximum associated with deterministic function f(Xj, β). Similarly 

firm i exhibits less technical efficiency because of favorable condition associated (i.e vj 

> 0) with the value of deterministic function. For a given set of data the estimated 

technical efficiencies obtained by fitting a stochastic frontier will be more than that of 

deterministic frontier it is estimated so that output values will exceed it. 

3.7 Stochastic Frontier Approach (SFA) and Efficiency Measurement of 

Agricultural Production 

The stochastic production frontier approach is convenient for agricultural production 

which is exposed to random shocks (such as natural disasters, weather and luck etc.) 

that are not under the control of the farmers. These random shocks can influence the 

shape and location of the production frontier (Ogundari et al., 2010).  Variability in 

agricultural production and inaccuracy of survey/production data because small farmers 

do not have updated record on their farm operation were the basis to apply stochastic 

production frontier appropriate for data analysis. This method makes it possible to 

simultaneously take into account both random error and associated inefficiency if any 

specific to every producer (Ali et al., 2013).  

In current study stochastic frontier function approach was employed. Its modeling, 

estimation and application to performance analysis since its inception has assumed 

prominence compare to other approaches. Stochastic frontier approach developed as a 

result of many refinement and improvements in Farrell (1957) methodology which 

paved the way for researcher to investigate producer economic efficiency. Application 

of the frontier models increased because of characteristics such as; it is consistent with 

the basic economic theory of optimization behavior. Deviations from the frontier, with 

which production units trace their technical and behavioral objectives, have a natural 

insight as a measure of economic inefficiency. Information about production frontier 

and relative efficiency of producers has many policy implications (Bauer 1990). 

Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977) initially 

proposed the general stochastic frontier production function and apply for analysis of 

agricultural data in USA for the first time. Battese and Corra (1977) applied this 

technique to agricultural data of the pastoral zone in eastern Australia. Similarly by 
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using same technique performance of ten French manufacturing industries were 

analyzed by Meeusen and Van den Broeck (1977). Empirical analyses by applying 

stochastic frontier technique have also been reported by Battese et al. (1993), Ajibefun 

and Abudulkadri (1999) and Ojo (2004). Collie (1996) observed that stochastic frontier 

approach has been employed in most of agricultural related research studies conducted 

during the period 1985 to 1994. He reported that in 30 studies out of 40, SFA has been 

applied. Publications regarding stochastic frontier application have been appeared in all 

major agricultural economics, general economics, development economics, applied 

economics and econometric journals. 

Stochastic frontier production method first application to agriculture data was presented 

by Corra and Batteses (1977). It provide base to calculate individual grower 

performance level. It is defined by the equation given in below in equation 3.8. 

Yi = f(Xi, β) + 휀i   (i = 1,2…n)    (3.8) 

Where; 

Yi  =  Yield of ith farmer 

Xi  =  Inputs applied during the entire crop season by ith farmer 

β  =  Unknown parameters  

휀i          =  Error term for ith farmer that is obtained by subtracting the predicted 

output from the observed output 

휀i  =  ˅i - µi 

In composed error the component ˅i   (- ∞ < ˅i < ∞) is assumed to be identically, 

independently and normally distributed as N (0, 2  ˅). µi can follow as half normal, 

truncated –normal, exponential or gamma distribution (Aigner et al. 1977, Stevenson 

1980). But in this research study µi follow half normal distribution truncated below at 

zero i.e. µi –[𝑁 (0, 𝜎𝜇
2   ] as typically done in literature pertaining to applied stochastic 

frontier. In composed error term when the component ν = 0 the model disintegrate to 

deterministic frontier, on the other hand when   = 0 it fall down to the stochastic 

frontier model (Zellner, Kmenta & Dreze, 1966). 
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The error terms v and µ are not only assumed independent of each other and also from 

physical inputs (Xi). The inefficiency component (µ) in term of management practices 

might correlate with physical inputs. However, its directly inclusion in production 

function not only reduce the model efficiency for approximation due to more variables 

but also cause mullticollinarity. On the other hand also the misspecification of frontier 

production function might yield biased results. In order to avoid this problem Aigner et 

al. (1977) propose Zellner Kmenta and Dreze behavioral assumption (up to some extent 

producer is aware of stochastic nature of production process) 

In several studies conducted by Aigner et al. (1977), Meeusen and Van den Broeck 

(1977), Kalirajan (1991), Sharma et al. (1996) and Nyagaka et al. (2010) two stage SFA 

was applied to analyze determinants of technical efficiency. In the second stage, in 

order to find the lower and upper limit efficiency score was regressed on some socio-

economic variables by using a two-limit Tobit model.  According to Caudill and Ford 

(1993) and Wang and Schmidt (2002) two-stage method is easy to apply but it render 

biased results due to violation of assumptions associated with inefficiency component   

(  ).  

To overcome this problem of biased estimates, Huang and Liu (1994) and Battese and 

Coelli (1995) proposed a single-stage method. It is mainly used in the stochastic 

frontier estimation of technical efficiency. In a single-step procedure simultaneously 

both production function parameters and inefficiency model are estimated. In this 

procedure inefficiency effect is specified as a function of grower’s socio-economic 

variables (Amaza et al., 2006; Chirwa, 2007). However, Arnade and Trueblood (2002) 

reported that one-step procedure, because of intensive computation cannot always 

distinguish between types of inefficiency.  

3.7.1 Techniques to Estimate Stochastic Frontier Production Function  

The estimation of production function and work on duality theory, which linked 

production and cost function are consider popular and attractive areas of applied 

econometric. Typically least square or correlated ordinary least square (COLS) with 

assumptions of normally distributed disturbance was used to estimate the model. It was 

argued that technique and specified distribution of error term should account for the 

fact. Frontier production function can be estimated with either COLS or Maximum 
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Likelihood Estimation (MLE) techniques. However, in case of asymmetric disturbance 

distribution large efficiency gain has been reported over COLS by using MLE 

technique. In case of asymmetric error term distribution MLE yield efficient and 

asymptotical results (Green 1980). Based on assumptions regarding error term 

distribution given under equation 3.7 maximum likelihood technique (MLE) was tried 

in current study. 

Jondeow et al. (1982) reported that assumption made on the statistical distribution of v 

and µ mentioned above paved the way to calculate the conditional mean of µi   given as 

∈i    

           E(µi |∈i ) = σ* [
f∗(∈𝑖,   λ/ σ)

1−F∗(∈𝑖,   λ/ σ)
 - 

∈𝑖,λ

σ
 ]   (3.9) 

Where F* and f* represent respectively the standard normal density and distribution 

functions, evaluated at  ∈ 𝑖,   λ/ σ and σ2 = σ2 
V  + σ2 

µ.  σ
2 

V,   σ
2 

µ  are variances of  vi  and 

µi. . The term λ represent the ratio of standard error (λ =
𝜎µ

𝜎𝑣
 ). Equation 3.8 provide 

estimates of µ and v after replacing ∈, λ and σ by their estimates. Subtracting vi from 

both sides of equation 3.7 yield the stochastic production frontier. 

Y*= f(Xi, β) -µ = Y – v 

Where Y* is defined as producer observed output adjusted for the statistical noise 

contained in v (Bravo-Ureta and Rieger 1991). This equation is then used to derive the 

cost frontier. 

Following subsequent specifications proposed by various researchers such as Battese et 

al. (1988) and Battese (1992) the likelihood function of the model defined in equation 

(3.8) can be written as: 

ln(L) = - 
𝑁

2
 ( ln (

𝜋

2
) + lnσ2) + ∑ 𝑙𝑛𝑁

𝑗=1 [1- ф(
ɛj  √𝛾

𝜎√1−𝛾
 )] - 

1

2𝜎2
 ∑ ɛ2𝑁

𝑗=1   (3.10) 

Where 

i  = i  - i  , σ2
ɛ = σ2

v +   σ2
µ, (σ2

v and σ2
µ represents variance of v and µ 

respectively), F r e p r e s e n t  c umulative density function (cdf ) which is estimated at  
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(λ є / σ).  For MLE estimates first order partial derivatives with respect to β,  λ and  σ
2

ɛ  

are set equal to zero and solve  simultaneously. 

3.7.2  Technical Inefficiency Effect Model 

Assuming half normal distribution of µi~ N(0, σ2 u) technical inefficiency score for the 

entire sample can be calculated as follow:  

 )( =   σµ(√2/ )      

 (3.11) 

For policy purpose both technical inefficiency of entire sample as well as inefficiency 

associated with individual farms are necessary to evaluate. According to Jondrow et al. 

(1982) based on conditional distribution assumed for vi and µi inferences regarding 

technical inefficiency of individual producer can be obtained by using the following  

equation 3.12. 

E [ ut | єt ] = σ* [ f* ( λεt / σε ) / 1- F* (λεt / σε ) – ( λεt / σε ) ]   (3.12) 

Where  

σ* = √ σ2v σ2u/ σ2є. According to Schmidt (1985-86) equation 3.12 satisfies certain 

assumptions of normal, truncated normal and half normal distributions, but because of 

probability limit E (Ut/εt Ut) # 0, µt is not consistent even if vt remains asymptotical.  

3.8  Likelihood Ratio Test 

Generalized likelihood ratio test was employed to test significance of coefficients and 

variance parameters consider in the stochastic frontier production function and 

inefficiency models. This test has the following calculation. 

LR = - log L( H0) -  log L( H1)      (3.13) 

The terms L(H0) and L( H1) represent likelihood function values under null and 

alternative hypothesis respectively. In most situation the likelihood ratio test  has a 

mixed Chi-square (χ2
R) distribution with R equal to the numbers of parameters assumed 
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to be zero in the null hypothesis or the numbers of parameters excluded in the 

unrestricted model ( Rahman. 2003 and Kolawole. 2006).  In likelihood ratio test when 

 = 0 in null hypothesis, the alternative hypothesis can only involve positive values   

of   . 

3.9 Model Specification for Technical Efficiency 

Variation in output arises because of technical inefficiency, random shocks and 

fluctuation in inputs. Deviation from frontier due to random shocks and technical 

inefficiency can be decomposed by frontier approach and production function 

specification can be employed to capture the inputs contribution in production. 

Inefficient use of scarce resources leads to inefficiency in production.  

Regarding model specification Kopp and Smith (1980) suggested that there is limited 

effect of functional form on measurement of efficiency empirically. While in specifying 

the stochastic frontier model, Ogundari et al. (2010) indicated that it is necessary to 

choose the functional form well in advance because the choice of functional form can 

influence the estimated efficiency results. 

Cobb-Douglas and Translog production functions are competing models used in such 

type of studies.  According to Bhanumurthy (2002) the Cobb-Douglas production 

function is not flexible in its functional form but it is a simple tool that can handle 

multiple inputs and give well representation of technology.  

The translog production functions occurred in the context of researches related to the 

discovery and definition of new flexible forms of production functions.   In translog 

production function because of interaction effects of variables the numbers of 

parameters explodes. Interaction effect of variables imposes constraints on the result 

feasibility, because of the occurrence of possible collinearity problem (Pavelesch, F.M 

2010). Cobb-Douglas production function becomes a specific case for the translog 

production function when interaction terms are zero.   If the number of production 

factors is equal to n, the number of estimated parameters will be equal to:   

𝑛 (𝑛 + 3)

2
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Stochastic frontier models specified in the functional form of Cobb-Douglas has been 

widely applied in estimating farm production efficiency. Thiam et al. (2001) tried both 

Cobb-Douglas and Translog production function and observed that the average 

technical efficiency score from Cobb-Douglas production function was significantly 

different from that of Translog function.   Umar et al. (2017) noted 89% mean technical 

efficiency score of dry season tomato growers based on the estimate from Cobb-

Douglas frontier function, while same efficiency score was noted 54% based on 

translog frontier function estimation.  On other hand Ahmad and Bravo-Ureta (1996) 

argued that there was no much difference in the results obtained from two functional 

forms.  According to Umar et al. (2017) the choice of functional form for efficiency 

analysis should be based on convenience and objectives of the study. Thus based on 

objectives of current study,  to avoid possible collinearity problem associated with 

translog production function and property of self-dual that allow to estimate economic 

efficiency, Cobb- Douglas production function was applied for data analysis in current 

research study. 

Functional form employed in this study is in line with original stochastic frontier 

production function proposed by Aigner et al. (1977) and Meeusen and Van den Broeck 

(1977). They modeled technical inefficiency effect in terms of the other variables (i.e. 

socio-economic) Battese and Coelli (1995). The specific model estimated is given 

below in equation 3.14. 

Ln  = β0 + ∑ 𝛽𝑛=9
𝑖=1 i lnxi+         (3.14) 

Where, 

Yi        =   Represent dependent variable in the production function showing yield 

in kg acre-1  

X1  =   Land area under sugarcane crop in acres  

X2        =  Labour input calculated as the total number of labour days required to 

perform various activities during entire crop season   

X3  =   Quantity of seed planted kg acre-1 
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X4  =   Tractor hours used for ploughing, planking and leveling etc 

X5  =   Numbers of irrigation applied during entire crop season 

X6 =    Quantity of urea applied in kg acre-1 

X7 =  Quantity of DAP applied in kg acre-1 

X8  =   Quantity of farmyard manure (FYM) applied kg acre-1 

X9 = Pesticides applied in milliliter acre-1  

X10* =  Dummy variable one (D1 = 1 if farmer belongs to district Mardan 

 other-wise 0)  

X11*    =  Dummy variable two (D2 = 1 if farmer belongs to district  Charsadda 

other- wise 0) 

    =        vi - µi = Represent composite error term  

*Current research study is based on cross sectional primary data from three districts of 

Khyber Pakhtunkhwa. The data has been analyzed combine as well as separately 

district wise. In overall study area estimation dummy variables were included so that 

the coefficient estimate of interest is driven by variation within districts. 

The terms  휀𝑖 , β0 and βi represent natural log, intercept and parameters to be estimated. 

Nine input categories and two dummy were defined as explanatory variables in the 

production function given above in equation 3.14. 

3.9.1 Technical Inefficiency Estimation 

For policy recommendations not only measurement of degree of efficiency is important 

but sources of variations in technical efficiency among growers are also necessary. In 

view of this, in-efficiency effect model is estimated. Inefficiency effect model assume 

normal distribution of  i that is N (0,σ2
v) and half normal distribution of µi ,N(0, σ2

u  ). 

In current study following model is used for technical inefficiency: 

µi = 𝛿0 +  𝛿1 Ⱬ1i  + 𝛿2 Ⱬ2i  + 𝛿3Ⱬ3i +  𝛿4 Ⱬ4i  + 𝛿5 Ⱬ5i + 𝛿6 Ⱬ6i  + 𝛿7 Ⱬ7i + 𝛿8 Ⱬ8i + 𝜔𝑖  (3.15) 

µi  =        Technical inefficiency associated with each farm/sugarcane grower 

Ⱬ1i  =       Age of sugarcane grower (years) 

Ⱬ2i  =  Specific to sugarcane growing experience (years) 
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Ⱬ3i  =         Education level represent in number of schooling years 

Ⱬ4i  =         Farmer family size (in numbers) 

Ⱬ5i  =          Dummy for off farm income activities of sugarcane growers 

Ⱬ6i  =          Distance from home to farm (meters) 

Ⱬ7i   =         Dummy for tenurial status (equal to 1 for owner, 0 for tenant and 2 for 

 owner-cum tenant 

Ⱬ8i           =     Grower’s extension contacts in number during entire season 

𝜔i   =  Error term assumed to be normally distributed i.e. N (0, 𝜎2) 

𝛿0  and 𝛿𝑖 represents intercept and unknown  parameters to be estimated. 

In current study farm size was not included in the determinants of efficiency due to the 

fact that out of total 303 respondents more than 63 % were small farmers. There 

average land holding was 1- 2.5 acres. Also, according to Bravo-Ureta and Evenson 

(1994) and Bravo-Ureta and Pinheiro (1996) in developing countries, in most of the 

studies related to agriculture non- statistically significant correlation has been observed  

between farm size and technical efficiency. Similarly, based on pairwise correlation test 

and VIF technique (Annex-X, XII) both variables age and experience were included.   

Parameters of both stochastic production frontier and technical inefficiency effect 

model were jointly estimated in single stage by employing the maximum likelihood 

estimation method. Same method has also been employed by Coelli and Battese (1996) 

and Rahman, S and Rehman, M. (2008) in stochastic frontier analysis (SFA).   

3.9.2 Technical Efficiency of Individual Respondent 

According to Battese and Coelli 1995, stochastic frontier production function appraoch 

along with determinants of technical efficiency also allows simultaneously for technical 

efficiency of individual grower’s. Technical efficiency of ith sugarcane farm was 

estimated by equation 3.16 given below. Ali and khan (2014) has also tried this method 

in their research study. 

TEi  =  Yi / Y
*
i        (3.16) 

 =  exp(𝑋𝑖, β +vi -
𝑖
)/exp(𝑋𝑖β +vi) = exp(- 

𝑖
) 
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Where   

Yi =  Observed yield of ith farmer 

Y*i  =   Frontier yield ith farmer 

TEi  =  Technical efficiency having ranges between 0 to 1 

Technical inefficiency of respective individual sugarcane grower was calculated by 

following formula: 

Technical inefficiency  = 1- Technical efficiency (TI) = 1-  *

i

i




 

Technical inefficiency ranges between 0 and 1. 

3.10 Estimation of Allocative Efficiency 

As mentioned above Cobb-Douglas production function has the property of self-dual, 

the corresponding Cobb-Douglas type cost frontier functional form which is base for 

estimating the allocative efficiency of sample respondents was specified as follow in 

equation 3.17. Studies conducted by Kolawaole and Ojo, (2007), Bravo-Ureta and 

Pinheiro (1997) and Sajjad (2012) have also employed same technique.  

Ln Ci = 𝛼0 + ∑ 𝛼𝑖𝑛=𝑖
𝑖=1  ln 𝑝𝑖 + αjlnY* + 휀i      (3.17) 

Where 

Ci  =  Represent inputs cost (Rs/acre) 

Y* = Yield in kg acre-1 

𝜌1   =  Land rent per acre of ith farmer (Rs acre-1) 

𝜌2   =   Total cost of labour (Rs acre-1)  

𝜌3   =   Total cost of seed used (Rs acre-1)  

𝜌4   =   Total cost of tractor hours (Rs acre-1)  

𝜌5   =  Total cost of irrigation (Rs acre-1)  

𝜌6   =  Total cost of urea (Rs acre-1)  

𝜌7   =  Total cost of DAP (Rs acre-1)  

𝜌8   =   Total cost of Fym (Rs acre-1)  
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𝜌9  =  Total cost of pesticides (Rs acre-1)  

𝜌10  =  Dummy one (1 for district Mardan 0 otherwise) 

𝜌11  =  Dummy two (1 for district Charsdda 0 otherwise) 

휀i  =  Error term ( i-  i) 

𝛼0  =  Intercept of allocative efficiency model 

 𝛼𝑖  = Parameters to be estimated 

The terms ln, 𝛼0 and 𝛼𝑖 represents natural log, intercept and parameters to be estimated. 

Inputs cost and sugarcane yield data was analyzed in log form and was defined as 

explanatory variables in the cost function given above in equation 3.17. 

3.10.1 Allocative Efficiency of Individual Grower 

Individual grower allocative efficiency is represented by the ratio of minimum cost to 

observed cost that is: 

AE = 
i

i

C
C *

    (3.18) 

Where  

AE = Allocative efficiency 

Ci*  =  Minimum possible cost of ith farm 

Ci  =  Observed cost ith farm 

Allocative efficiency ranges between 0 and 1.  

Individual farm level allocative inefficiency was arrived by using the following 

formula. 

Allocative inefficiency  =  1- Allocative efficiency 

  =  1-[minimum cost (C*i)]/[observed cost (Ci)] 
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3.10.2 Model for Allocative Inefficiency Estimation  

For allocative inefficiency normal distribution of vi- N (0, 𝜎𝑣
2 ) and half normal 

distribution of   µi- N (0, 𝜎𝑢
2) is assumed. Determinants for allocative inefficiency were 

expressed as follows: 

𝜇𝑖 = 𝛿0 + 𝛿1Z1i  +  𝛿2Z2i  + 𝛿3 Z3i  +  𝛿4 Z4i  + 𝛿5 Z5i  + 𝛿6 Z6i +  𝛿7 Z7i  +  𝛿8 Z8i+ 𝜔𝑖            (3.19)  

Where 

𝜇𝑖 = Dependent variable for allocative inefficiency 

Z1i  =  Farmer Age (Years) 

Z2i  =  Farming experience of the ith farmer in years 

Z3i  =   Number of schooling years 

Z4i  =  Represent family size of farmer(No.) 

Z5i        =  Dummy for off farm income activities (equal to 1 if growers has off 

farm activities otherwise 0)  

Z6i  =  Distance between farm and house 

Z7i  = Dummy for tenurial status (equal to 1 for owner, 0 for tenants and 2 for 

  owner-cum tenants) 

Z8i         = Extension contacts (No.) 

𝜔𝑖  =  Random error term normally distributed with 0 mean and constant 𝜎2 

𝛿0  represents constant for allocative inefficiency model and 𝛿𝑖  are parameters to be 

estimated. 

3.9 Economic Efficiency 

According to Farrell (1957) economic efficiency is equal to the product of technical 

efficiency and allocative efficiency. It is calculated in term of ratio of minimum 

observed cost and actual cost of production. Economic efficiency takes values between 

0 and 1 and was obtained by multiplying the estimated technical efficiency with 

allocative efficiency. 

EE = TE*AE    (3.20) 

Where EE, TE and AE represent economic efficiency, technical efficiency and 

allocative efficiency respectively.  
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IV. RESULTS AND DISCUSSION 

Principle findings of the study followed by its discussion have been presented in this 

chapter.  This chapter carries four sections. First section describe profile of the study 

area. Respondent’s socio-economic characteristics have been presented in second 

section. Total Cost, gross revenue and net return of sugarcane production has been 

added in section third. Technical, allocative and economic efficiency analysis has been 

elaborated in fourth section of this chapter. 

4.1  District Wise Profile of the Study Area 

Three districts (Mardan, Charsadda and D.I. Khan) were selected to undertake the study 

because these are major sugarcane producing districts and give fair presentation of the 

whole province. District Mardan is part of Peshawar Valley that cover an area of 1632 

square kilometer (km2) having population of 2.36 million. It is situated in central region 

of the province. It is bordered by district Buner to the north, district Swabi to east, 

district Nowshera to south and district Charsada to west. It has connectivity to all 

surrounding through roads. District Mardan is broadly divided into two parts, north 

eastern hilly area and south western plain composed of fertile plain. Generally stream 

flows from north to the south and drain into Kabul River.  Important stream of the 

district is Kalpani flowing southwards join Kabul River. Other important streams join 

Kalpani are Baghiari Khawar on the west and Muqam Khawar, coming from Sudham 

valley and Naranji Khawar from the Narangi hills on the left. 

District Mardan has been described to be among areas of high agricultural potential in 

Khyber Pakhtunkhwa. Out of total covered area 112,790 hectares are cultivated while 

49,295 hectares is un-cultivated land. The soils are well suited for tobacco and 

sugarcane farming. However, wheat, rice, maize and mustard are also grown in district 

Mardan. According to table 4.1 district Mardan share respectively 28.52, 6.64, 5.76 and 

3.58 % area and 29.78, 11.74, 6.42 and 3.04 % production of major crops (sugarcane, 

maize, wheat and rice) in overall provincial area and production of these crops. Except 

main sources of irrigation (canals), tube wells and lift irrigation system is also 

prevailing in the area. In rural area most of the people are farmers by profession. 
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Table 4.1       Area under major crops and its production in District Mardan and 

its percent share in overall provincial level (2014-15)  

  

(Area = 000 hectares) (Production = 000 tonnes) 

District Mardan Khyber 

Pakhtunkhwa 

(overall) 
Crop Area % share in 

Khyber 

Pakhtunkhwa 

Production % share in 

Khyber 

Pakhtunkhwa 

Area Production 

Sugarcane 30.44 28.52 1420.45 29.78 106.73 4770.23 

Maize 30.93 6.64 100.71 11.74 463.41 858.34 

Wheat 41.87 5.76 80.69 6.42 727.25 1257.62 

Rice 1.75 3.58 2.85 3.04 48.77 93.78 

Source: (Directorate of Crop Reporting Services, Govt of Khyber Pakhtunkhwa, 2014-15) 

4.1.1 District Charsadda 

Charsadda is the second district for data collection. District Charsadda is situated in 

central region of the province. Its cover area is 996 km2 (243.76 thousand acres) with 

population of 1.02 million. Administratively it comprised three tehsils and 49 Union 

councils with availability of all major infrastructures.  It is surrounded by Nowshera to 

south, Mardan to east, Malakand Agency and Mohmand Agency to the north and 

Peshawar to the west. Major part of land is under agriculture activities.  Its resources 

comprise fertile soil well suited for farming, climate and water. Main sources of 

irrigations are Rivers Jindi, Kabul and Swat flowing in district. In district Charsada 

86% area is irrigated, it is located at extreme end of the monsoon winds with average 

rainfall of 16.5cm. Major crops grown are sugarcane, sugar beet, maize, tobacco and 

wheat along with some orchards and vegetables (Development statistics, Khyber 

Pakhtunkhwa 2014-15). Table 4.2 present area under major crops, its production and 

percent share at overall provincial level. To overall provincial contribution based on 

area and production sugarcane is the leading crop (32.41%, 31.49%) followed by wheat 

(4.08, 5.94), maize (3.13, 4.31 and rice (0.24 and 0.28) respectively. 
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Table 4.2  Area under major crops and its production in District Charsadda 

and its percent share in overall provincial level (2014-15) 

 

(Area = 000 hectares)  (Production = 000 tonnes) 
District Charsadda Khyber 

Pakhtunkhwa 

(overall) 

Crop Area  % share in 

Khyber 

Pakhtunkhwa 

Production % share in 

Khyber 

Pakhtunkhwa 

Area Production 

Sugarcane 34.59 32.41 1502.27 31.49 106.73 4770.23 

Wheat 29.64 4.08 74.81 5.94 727.25 1257.62 

Maize 14.48 3.13 36.97 4.31 463.41 858.34 

Rice 0.12 0.24 0.27 0.28 48.77 93.78 

Source: (Directorate of Crop Reporting Services, Government of Khyber Pakhtunkhwa, 2014-15 

4.1.2 District Dera Ismail Khan (D.I. Khan) 

D.I. Khan is the southernmost district of Khyber Pakhtunkhwa. Its total land area is 8.34 

million hectares with population of 1.3 million people. It share boundaries with districts 

Tank and Lakki Marwat to north, Mianwali and Bhakkar (Punjab province) to east and 

Dera Ghazi khan (Punjab Province) to south. For administrative purpose district Dl 

Khan is divided into five tehsils (proper D.I. Khan, Kulachi, Darabin, Paroa and 

Paharpur and 47 union councils. 

In D.I. Khan 19 % of farming community occupy two-third of total cultivable land with 

average land holding of 65 acres. The other one-third is occupied by medium sized 

landlords. Agriculture is main source of earning but land ownership is extremely 

unequal. It possesses three main features of low land utilization due to limited resources 

of irrigation, dominance of big land holders and high ratio of tenancy. Major crops 

grown here are sugarcane, cotton, rice, wheat, maize and barley. Chashma Right Bank 

Canal (CRBC) is the major canal which provides water for irrigation. 
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Table 4.3 Area under major crops and its production in District D.I. Khan and 

its percent share in overall provincial level (2014-15) 

 

(Area = 000 hectares) (Production = 000 tonnes) 

District D.I. Khan Khyber 

Pakhtunkhwa 

(overall) 
Crop Area  % share in 

Khyber 

Pakhtunkhwa 

Production % share in 

Khyber 

Pakhtunkhwa 

Area Production 

Sugarcane 13.57 12.71 575.67 12.06 106.73 4770.23 

Rice 6.22 12.74 13.48 14.37 48.77 93.78 

Wheat 41.64 5.73 72.42 5.75 727.25 1257.62 

Maize 0.97 0.21 2.38 0.27 463.41 858.34 

Source: (Directorate of Crop Reporting Services, Government of Khyber Pakhtunkhwa, 2014-15 

Table 4.3 presents area and production of major crops at district level and its percent 

share in overall provincial area and production of these crops.  Based on area and 

production compare to overall provincial status rice (12.74, 14.37), is major followed 

by sugarcane (12.71, 12.06), wheat (5.73, 5.75) and maize (0.210, 0.27) percent 

respectively. 

4.2 Cropping and Land-use Intensity Comparison of Study Area 

Table 4.4 summarized land use and cropping intensity of study area. Cropping intensity 

in district Charsadda is 125 % being the major in agricultural activities followed by 

district Mardan (122%) and district D.I. Khan (54%). However, in term of land use 

intensity district Mardan is highest (95%) followed by District Charsadda (92%) and 

D.I. Khan 42%. In District D.I. Khan compare to districts Mardan and Charsadda 

cultivated area is more than districts Mardan and Charsadda. But compare to other two 

districts its cropping and land-use intensity is low. 
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Table 4.4 Cropping and land use intensity of districts under study and overall 

provincial level (2013-14) 
 

District Cropping Intensity (%) Land-Use Intensity (%) 

1 2 3 

Mardan 122 95 

Charsadda 125 92 

D.I. Khan 54 42 

K.P.K 101 61 

Source: Directorate of Crop Reporting Services, Government of Khyber Pakhtunkhwa, 2014-15 

4.3 Socio- Economic Characteristics of Sample Respondents in Study Area 

A discussion on the prominent socioeconomic characteristics include age, education, 

farming experience, family size, access to extension services, distance between farm 

and house and off-farm income of the farmer is presented in this section. It has been 

highlighted in reviewed studies that these socioeconomic characteristics influence 

growers to adopt any technology fully or partially (Hasan and Islam, 2010).  

4.3.1  Sugarcane Grower’s Age 

Farmer age has an important role in decision making process. It influences adoption or 

rejection of new technology. It has contribution towards learning, attitude and 

personality growth. Age was included to assess its impact on producer overall 

performance. Age is expected to exhibit positive as well as negative impact on 

inefficiency. The older farmers are likely to have more experience but also possibly 

more risk averse, traditional and conservative to new practices. On the other hand, 

younger farmers are risk takers, like to explore new avenues, take chances and 

willingness to adopt new farming technology and hence more efficient. Thus, no prior 

expectation for this variable can be made (Hussain 1989, Collie 1996).  

Table 4.5 Descriptive statistics for age group in study area 

Age (Years) 

District Mean ± Std. Deviation 

Mardan 40.72 12.20 

Charsada 41.07 11.54 

D.I. Khan 34.86 10.68 

Overall Study Area 39.38 11.87 

Source: Field Survey   (Std. Dev:  Standard Deviation) 
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According to table 4.5 average age of sugarcane grower in study area was 39.38 years 

with standard deviation of 11.87. The highest average age was found in district 

Charsadda (41.07 years) with standard deviation of 11.54 years followed by district 

Mardan (40.72, 12.20) and D.I. Khan (34.86, 10.68) respectively. 

Table 4.6 Distribution of sample respondents according to different age 

groups 

Age group(Years) Mardan Charsadda D.I. Khan Overall % 

18-30 23 21 33 77 25.41 

31-45 50 58 29 137 45.21 

46-60 32 34 14 80 26.40 

> 60 4 5 0 9 2.97 

Total 109 118 76 303 100.00 

Source: Survey data 2014 

As indicated in table 4.6 majority (45.21%) of sugarcane growers have between 31-45 

years age. These are considered the middle aged persons of the society and showed 

interest in sugarcane cultivation. 26.40 % farmers were found in the age group of 46-60 

years followed by 18-30 (25.41 %) and > 60 (2.97%) age group respectively. 

4.3.2 Educational Level 

According to Khan (2007) education has an important role in timely decision making, 

rational use of scarce resources and modern technology. Educated people are more 

efficient as compare to the uneducated that are more orthodox. In some studies it has 

been included as a proxy for managerial ability. Farmers with higher level of education 

are expected to have less economic inefficiency. It is an important factor that sharpens 

managerial capabilities of farmers and enables them to make good use of information 

about production inputs. Abdullah et al. (2007) argued that education and experience 

are useful inputs for dealing with rapid change in farming system. 
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Table 4.7 Educational Level of Sample Respondents in Study Area 

Education (Years) 

District Mean ± Std. Deviation 

Mardan 5.68 4.02 

Charsadda 5.12 3.66 

D.I. Khan 3.53 3.26 

Overall Study Area 4.96 3.77 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation) 

According to the results given in Table 4.7 average level of education in study area was 

4.96 with standard deviation of 3.77 years. Average education level was found high in 

district Mardan 5.68 with standard deviation of 4.02 years followed by district 

Charsadda (5.12, 3.66) and D.I. Khan (3.53, 3.25) respectively. It is evident from the 

results that education level in study area is lower compare to national level of 5.70 

years (Express Tribune, October, 5 2010). Low education can affect technology transfer 

(Donkor, E 2015). 

Table 4.8 Distribution of sample respondent according to schooling years  

Educational level Mardan Charsadda D.I. Khan Overall % 

Illiterate (0-1) 14 19 25 58 19.14 

Primary (2-5) 25 49 30 104 34.32 

Middle (6-8) 28 19 13 60 19.80 

Metric & inter (9-12) 31 23 5 59 19.47 

Graduate  (>12) 11 8 3 22 7.26 

Total 109 118 76 303 100 

Source: Survey data 2014 

Table 4.8 provides detail for educational level of sampled respondents in study area. 

For comparison respondents were divided into five categories as shown in table 4.8. 

Results indicate that majority (34.32%) of sample sugarcane growers were in the 

primary (2-5) category followed by middle (19.80), matric & inter (19.47), illiterate 

(19.14) and graduate (7.26%) respectively. 

Number of illiterate respondents was high in D.I. Khan (25) followed by Charsadda 

(19) and Mardan (14). The pooled data show that in district Charsadda maximum 

respondents were literate up to primary level (2-5) followed by D.I. Khan (30) and 
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Mardan (25). In the category of middle, matric and graduate level high score was found 

in district Mardan (28, 31, 11) followed by Charsadda (19, 23, 8) and D.I. Khan (13, 5, 

3) respectively.  

4.3.3 Farming Experience 

Farming experience as an important socio-economic character that affect farmer’s 

decisions regarding input use and farm practices. Results imply that increase in 

duration of farmer’s involvement in farming increase the productivity and efficiency 

(Abedullah et al. 2006).  In some studies grower’s age has been used as a proxy for 

farming experience. 

Table 4.9 Farming experience of the sample respondents 

Farming experience (Years) 

District Mean ± Std. Deviation 

Mardan 13.44 7.08 

Charsadda 13.21 7.13 

D.I. Khan 11.17 6.56 

Overall Study Area 12.78 7.02 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation) 

Respondents farming experience has been summarized in table 4.9. Average overall 

farming experience in study area was 12.78 years with standard deviation of 7.02. 

Average farming experience was found high in district Mardan (13.44) with standard 

deviation of 7.08 years followed by Charsadda (31.21, 7.13) and DI Khan (11.17, 6.56) 

respectively.  

Table 4.10 District wise respondent’s distribution according to farming 

experience  
 

Farming experience (years) Mardan Charsadda D.I. Khan Overall % 

1-5 13 19 17 49 16.17 

6-10 27 24 22 73 24.09 

11-15 34 38 23 95 31.35 

16-20 12 13 8 33 10.89 

>20 23 24 6 53 17.49 

Total 109 118 76 303 100.00 

Source: Survey data 2014 
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It is evident from the data in table 4.10  that 31.35 %  farmers involved in sugarcane 

farming from last 11-15 years followed by 6-10 ( 24.09 %), >20 (17.49%), 16-20 

(10.89%) and 1-5 (16.17%) experience. This indicated that most of the sugarcane 

growers had sufficient experience of sugarcane cultivation.  

4.3.4 Extension Contacts 

Access to extension services was represented by the number of extension visits 

received by the farmer. It was used to investigate the effect of extension services on 

inefficiency level. It is commonly believed that farmers who had access to more 

extension services either in the form of literature or contact exhibited improved 

efficiency. This could be because such farmers have easier access to market 

information and best available practices from which they can make informed market 

choices and adopt efficiency enhancing technologies. Contacts with extension workers 

gives farmers an opportunity for new information and application of new techniques 

that help in adoption of new techniques and trying new inputs. 

Table 4.11 Extension contacts of sampled respondents 

Extension contacts (No.) 

District Mean ±Std. Deviation 

Mardan 8.47 3.49 

Charsada 6.77 2.14 

D.I. Khan 5.80 1.52 

Overall Study Area 7.14 2.80 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation) 

According to the results indicated in table 4.11 average numbers of contacts were 7.14 

with standard deviation of 2.80. Maximum numbers of extension contacts were found 

in district Mardan (8.47) with standard deviation of 3.49 followed by Charsadda (6.77, 

2.14) and D.I. Khan (5.80, 1.52) respectively.  
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Table 4.12 Distribution of sample respondents according to their extension 

contacts 

Extension Contacts (No.) Mardan Charsadda D.I. Khan Overall % 

1-5 19 37 34 90 29.70 

6-10 63 77 41 182 60.07 

11-15 24 4 1 28 9.24 

16-20 1 0 0 1 0.33 

Above 20 2 0 0 2 0.66 

Total 109 118 76 303 100.00 

Source: Field Survey, 2014-15 

For comparison, based on numbers of extension contacts, respondents were divided 

into five categories as given above in table 4.12. 60% respondents were found in 

category of “6-10” followed by “1-5” (29.70%), 11-15 (9.24%) and less than 1% were 

found in the category of 16-20 and >20. Results illustrate low access of growers to 

extension services. 

4.3.5 Farm to Home Distance  

Farm distance was used to access its effect on farmer’s production decisions and farm 

performance indicators. This variable was considered as a proxy for farm roads and 

infrastructure development. It is generally believed that farm distance negatively affects 

technical, allocative and economic efficiency of farmer. Therefore, positive sign was 

expected of the coefficient for this variable. Farm to house distance possible effects on 

farm working hours per day, storage location, unit transport cost, profit per acre and 

crop diversification index as well. 

Table 4.13 Farm to home distance in study area  

Farm to home distance (meter) 

District Mean ± Std. Deviation 

Mardan 600.96 220.70 

Charsada 591.78 247.06 

D.I.Khan 703.64 325.79 

Overall Study Area 623.14 263.85 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation 
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It is evident from table 4.13 that average farm to house distance was 623.14 meter (m) 

with standard deviation of 263.85 meters. Farm to house distance was found high in 

district D.I. Khan (703.64m) with standard deviation of 325.79m followed by district 

Mardan (600.96, 220.96) and Charsadda (591.78, 247.06) respectively. 

Table 4.14 Distribution of sample respondents according to their farm to home 

distance  

Farm to home distance 

(meter) 

Mardan Charsadda D.I. Khan Overall % 

0-500 42 41 19 102 33.66 

501-1000 67 69 47 183 60.40 

1001-1500 0 6 7 13 4.29 

1501 -2000 0 2 3 5 1.65 

>2000 0 0 0 0 0.00 

Total 109 118 76 303 100.0 

Source: Field Survey, 2014-15 

For comparison respondents were divided into various groups based on distance 

between farm to grower house as shown in table 4.14. It was found that majority 

(60.40%) of respondents were located on a distance of 501-1000m followed by  0-

500m (33.66%), 1001-1500 m (4.29%) , 1501-2000 m  (1.65%) and  >2000m (0%) 

respectively. It appears that 60.40% of farms were located within one kilometer radius. 

The diversity in farm location effects productivity and efficiency of growers in the 

study area.   

4.3.6 Household Family Size 

The variable for household family size was included to estimate its influence upon 

efficiency in sugarcane production. It is expected that larger families has the advantage 

of being able to use labour resources at the right time, particular at peak sugarcane 

cultivation and harvesting times. Also family labour’s are highly motivated because of 

direct benefits from farms. They are considered more resilient and adoptable. On the 

other hand, use of excessive family labor can cause inefficiency due to hidden 

unemployment. Because of these facts expected sign for estimated coefficient of family 

size is not determined in advance. 
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Table 4.15 Descriptive statistics for household family size in study area 

Household family size (No.) 

District Mean ± Std. Deviation 

Mardan 10.31 3.03 

Charsada 9.52 3.25 

D.I. Khan 11.35 3.00 

Overall Study Area 10.26 3.18 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation) 

In study area average family size was found 10.26 with standard deviation of 3.18 as 

summarized in table 4.15. In district D.I. Khan average family size was found 11.35 

with standard deviation of 3.00 followed by district Mardan (10.31, 3.03) and district 

Charsadda (9.52, 3.25) respectively. 

Table 4.16 Respondents distribution according to family size 

Family size (No.) Mardan Charsadda D.I. Khan Overall 

No. % No. % No. % No. % 

1-5 4 3.67 8 6.78 6 7.89 18 5.94 

6-10 60 55.05 76 64.41 34 44.74 170 56.11 

11-15 36 33.03 26 22.03 30 39.47 92 30.36 

Above 15 9 8.26 8 6.78 6 7.89 23 7.59 

Total 109 100.00 118 100.00 76 100.00 303 100.00 

Source: Field Survey, 2014-15 

Based on family size respondents distribution has been presented in table 4.16. It is 

evident from the table that most of the respondents (56.11%) have family size 6-10 

members. Similarly in district Mardan, Charsadda and D.I. Khan respectively 55.05, 

64.41 and 44.74% growers has family size of 6-10 members. In overall sample size 

30.36% respondents had family size 11-15 followed by >15 (7.59%) and 1-5 (5.94%) 

respectively.     

4.3.7 Off-Farm Income 

Off-farm income possibly reduces the financial difficulties of growers at the beginning 

of crop year. It enables farmers to buy inputs. However, it is argued that managerial 
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inputs may be withdrawn from farming activities with increased participation of 

grower’s in non-farm activities, which leads to lower efficiency. Abdulai and Eberlin 

(2001) reported higher inefficiency in production with involvement of household in 

non-farm activities. This could be because farmers who have various sources of income 

besides crop production are more likely to be preoccupied with other income generating 

activities and hence pay less attention to important agronomic practices. In such 

instances, labor contribution to on-farm operations is negatively affected. Farmers with 

higher proportions of total household income from crop sales have higher technical 

efficiency. Such farmers are likely to concentrate more on crop production and invest in 

efficiency enhancing technologies.  

Table 4.17 Descriptive statistics of Off-farm income 

Off-farm income (Dummy) 

District Mean ±Std.Deviation 

Mardan 0.54 0.50 

Charsada 0.50 0.47 

D.I. Khan 0.61 0.48 

Overall Study Area 0.52 0.50 

Source: Field Survey, 2014-15   (Std. Dev:  Standard Deviation) 

Table 4.17 summarizes status of respondent’s involvement in off-farm activities. In 

study area 52% growers with standard deviation of 0.50 were found involved in off-

farm activities. Respondents off-farm involvement was found high in district DI Khan 

(61%) followed by district Mardan (54%) and district Charsadda (50%) respectively. 

4.3.8 Distribution of Sampled Respondents by Tenure Status 

Land tenancy was included in the inefficiency model to appraise its effect on overall 

inefficiency in production. It is assumed that leasing motivate farmers for work hard to 

meet lease obligations and increase efficiency. Family farms are less dependent on 

external capital. On the other hand Giannakas et al. 2001 referring to agency theory has 

reported negative relationship between land tenancy and production efficiency because 

of monitoring problems and adverse incentives between the parties involved. Both 

positive and negative sign for this variable has been reported in various studies. 
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Dummy variables were introduced to differentiate the performance of tenants, owners 

and owner cum tenants. Owner-cum-tenants are those small landowners who also 

cultivate some rented in land. Tenants are those farmers who do not have own land but 

cultivate a rented land.  

Table 4.18 Distribution of sample respondents by tenancy status 

Tenancy status 
Mardan Charsadda D.I. Khan All Districts 

No. % No. % No. % No. % 

Tenants (0) 32 29.36 41 34.75 38 50.00 111 36.63 

Owners  (1) 48 44.04 61 51.69 19 25.00 128 42.24 

O.C.T     (2) 29 26.61 16 13.56 19 25.00 64 21.12 

Total 109 100.00 118 100.00 76 100.00 303 100.00 

Source: Survey Data; 2014-15  

(Where “No” = Number, O.C.T = owner cum tenant) 

According to results summarized in table 4.18 in district D.I. Khan almost 50% 

respondents were found tenants followed by district Charsadda (34.75%) and Mardan 

(29.36%) respectively. Results indicates that 51.69% sugarcane growers in district 

Charsadda own their farm land while 13.56% were found engaged in share cropping 

arrangement. In district Mardan 44.04% owned their farmland while 26.61% were 

found engaged in share cropping arrangement. In district D.I. Khan owners and owner 

cum tenants were found in equal ratio (25% each). Results presented in table 4.18 show 

that 36.63% of pooled sample cultivated rented land, 42.24% have their own land and 

21.12% operate on sharecropping base. 

4.4 Descriptive Statistics of Key Explanatory Variables  

Descriptive statistics helps to simplify data in a sensible way.  Table 4.19 represent the 

descriptive statistics of sampled sugarcane farms which include mean, standard 

deviation, minimum and maximum. A summary of key explanatory variables included 

in stochastic frontier model has been given on per acre basis. 

It is evident from table 4.19 that average sugarcane yield was 24420.73 kg acre-1 with 

standard deviation of 2557.28 kg acra-1 having range from minimum 18200 kg to 

maximum 30480 kg. Variability in standard deviation show considerable difference in 
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per acre sugarcane yield among sampled respondents. Average area allocated to 

sugarcane crop was found 2.18 acre ranging from minimum 0.20 acre up to maximum 

4.30 with standard deviation of 1.01 acre. Average labour days were 49.76 varied from 

32 to 68 in study area with standard deviation of 7.78.  The average number of tractor 

hours per acre was 20.68 with standard deviation of 3.88 and varied from minimum 

14.20 to maximum 30 hours. Average numbers of irrigations applied were found 16.30 

ranging from minimum 7 to maximum 25 with standard deviation of 3.17, standard 

deviation show considerable variability which tended to affect per acre sugarcane yield 

and grower income. The average quantity of urea, DAP and farmyard manure (FYM) 

used was 126.36, 83.02 and 1623.56 kg with standard deviations of 49.90, 18.05 and 

748.44 kg respectively. In study area quantity of urea used ranged from minimum 50kg 

(one bag) to maximum 264 kg. DAP and FYM ranged from minimum 45 and 456 kg to 

maximum 125 and 3400 kg respectively. Large variability was found in the use of 

chemical fertilizer among the sampled sugarcane growers. It is evident from table 4.19 

that per acre average pesticides use was 3629.56 milliliter (ml) with standard deviation 

of 3475.97 having range from minimum 400 to maximum 16000 ml. 

Average yield per acre in district Mardan was 25390.09 kg ranging between minimum 

20480 kg to maximum 29560 kg. Average yield with a large standard deviation of 

2084.89 kg indicate large variability of yield among sample farmers. Average land 

allocated to sugarcane crop was 1.32 acre with standard deviation of 0.59 having range 

from minimum 0.20 to maximum 2.50 acres. The average per acre labor days applied 

were 57.90 with minimum of 39 and maximum 68 mad-days having standard deviation 

of 5.76. The mean tractor hours applied were found 18.36 and varied from minimum 

14.20 to maximum 27.10 hours. The average number of tractor hours per acre with 

standard deviation of 3.37 show small variability in the use of tractor per acre in study 

area. In study area on average 15.69 numbers of irrigation were applied with standard 

deviation of 2.44 which range from 10 to 24. The average quantity of urea, DAP and 

FYM was 158.34, 96.77 and 2336.58 kg with standard deviations of 43.39, 17.02 and 

469.86 kg respectively. Values for standard deviations of urea and DAP shows 

considerable variability of fertilizer use in study area. In district Mardan on average 

1234.86 ml pesticides with standard deviation of 763.20 which varied from minimum 

500 to maximum 3000 ml. It is found that in study area use of pesticides in sugarcane 

crop is minimum. 
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In district Charsadda average yield per acre was 24566.78 kg with minimum of 18200 

kg and maximum 30480 kg. Average yield with standard deviation of 3009.76 kg 

shows high variability in production among sugarcane growers. Average land allocated 

to sugarcane crop was 2.36 acre with standard deviation of 0.38. It varied from 

minimum 0.5 to maximum 4.20 acres.  Per farm average labor days were noted 44.02 

ranging from 32 to 55 days. Average labor days with standard deviation of 3.51 show 

small variability among sugarcane growers in district Charsada. Per acre average seed 

quantity was arrived at 2471.86 kg with a minimum of 1440 kg and maximum 3520 kg. 

The average seed quantity with standard deviation of 458.18 kg shows large variability 

in district Charsadda. The average numbers of tractor hours per acre was 20.74 with 

standard deviation of 3.64 which show less variability among sugarcane growers. 

Tractor hours applied ranged from minimum 14.50 to 30 hours. The average numbers 

of irrigation were 17.09 with standard deviation of 3.89 and ranging between 7 and 25. 

Average per acre urea applied was 115.70 kg which varied from minimum 50 to 

maximum 220 kg. Its average value with standard deviation of 44.79 kg indicates large 

variability of urea used in study area. The Mean quantity of DAP and FYM used was 

74.96 and 1543.43 kg with standard deviations of 45 and 500 kg which show large 

variability in the use of these fertilizers. Table 4.19 revealed that average pesticides use 

was 2689.83 ml with minimum 400 and maximum 9000 ml. The average pesticides 

application with standard deviation of 2281.75 ml indicates variability of pesticides use 

in among growers in study area. 

According to results summarized in table 4.19 averages per acre yield in district D.I. 

Khan was 22714.21 kg with minimum 20320 kg and maximum 25360 kg.  The average 

yield with standard deviation of 1311.18 kg shows less variability compare to district 

Mardan and Charsadda. The average land allocation to sugarcane crop was 3.16 acres 

with standard deviation of 0.67 which ranged between minimum 2 to maximum 4.30 

acres. The average labor days were noted 46.89 with standard deviation of 4.38 having 

range from minimum 32 up to maximum 65. The average quantity of seed used was 

3267.37 with minimum 2560 kg and maximum 4080 kg. The seed used with standard 

deviation of 352.56 kg show large variability of seed used among sugarcane growers. 

The average tractor hours were noted 23.92 with minimum of 18 and maximum 30 

hours. The average tractor hours with standard deviation of 2.31 show less variability 

of tractor hours in study area. On average during entire season 15.89 numbers of 
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irrigation with standard deviation of 2.54 and range between minimum 10 to maximum 

25 was noted in study area. The average quantity of urea, DAP and FYM used was 

76.96, 75.71 and 724.19 kg respectively. Compare to districts Mardan and Charsadda 

low variation was noted among sugarcane growers in urea and DAP application.  

Average pesticides use was noted 8394.74 ml with standard deviation of 2304.07 

having range from minimum 5000 to maximum 16000 ml.  
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Table 4.19 Descriptive statistics of key explanatory variables 

District Variable Unit Mean Std. Dev Min Max 

Overall 

  

  

  

  

  

  

  

  

  

Yield Kg. 24420.73 2557.28 18200.00 30480.00 

LASCC Acre 2.18 1.01 0.20 4.30 

Labor days No. 49.76 7.78 32.00 68.00 

Seed Kg. 2408.05 687.33 1360.00 4080.00 

Tractor Hour 20.68 3.88 14.20 30.00 

Irrigation No. 16.30 3.17 7.00 25.00 

Urea Kg. 126.36 49.90 50.00 264.00 

DAP Kg. 83.02 18.05 45.00 125.00 

FYM Kg. 1623.56 748.44 456.00 3400.00 

Pesticides ML 3627.06 3475.97 400.00 16000.00 

Mardan 

  

  

  

  

  

  

  

  

  

Yield Kg. 25390.09 2084.89 20480.00 29560.00 

LASCC Acre 1.32 0.59 0.20 2.50 

Labor days No. 57.90 5.76 39.00 68.00 

Seed Kg. 1739.06 173.04 1360.00 2120.00 

Tractor Hour 18.36 3.37 14.20 27.10 

Irrigation No. 15.69 2.44 10.00 24.00 

Urea Kg. 158.34 43.39 70.00 264.00 

DAP Kg. 96.77 17.02 50.00 125.00 

FYM Kg. 2336.58 469.86 1520.00 3400.00 

Pesticides ML 1234.86 763.20 500.00 3000.00 

Charsada 

  

  

  

  

  

  

  

  

  

Yield Kg. 24566.78 3009.76 18200.00 30480.00 

LASCC Acre 2.36 0.83 0.50 4.20 

Labor days No. 44.02 3.51 32.00 55.00 

Seed Kg. 2471.86 458.18 1440.00 3520.00 

Tractor Hour 20.74 3.64 14.50 30.00 

Irrigation No. 17.09 3.89 7.00 25.00 

Urea Kg. 115.70 44.79 50.00 220.00 

DAP Kg. 74.96 14.99 45.00 112.00 

FYM Kg. 1543.43 474.50 500.00 2190.00 

Pesticides ML 2689.83 2281.75 400.00 9000.00 

DI Khan 

  

  

  

  

  

  

  

  

  

Yield Kg. 22714.21 1311.18 20320.00 25360.00 

LASCC Acre 3.16 0.67 2.00 4.30 

Labor days No. 46.89 4.38 32.00 65.00 

Seed Kg. 3267.37 352.56 2560.00 4080.00 

Tractor Hour 23.92 2.31 18.00 30.00 

Irrigation No. 15.89 2.54 10.00 25.00 

Urea Kg. 76.96 12.79 54.00 109.00 

DAP Kg. 75.71 10.76 52.00 98.00 

FYM Kg. 724.19 140.78 456.00 987.00 

Pesticides ML 8394.74 2304.07 5000.00 16000.00 

Source: Field Survey, 2014-15 

Where LASCC = Land allocated to sugarcane crop, DAP = Diammonium phosphate, FYM = 

Farmyard manure, ML = milliliter. No. = Number, Kg = Kilogram 
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4.5 Per acre Cost of Sugarcane Production in Study Area 

Cost of sugarcane production, yield and profitability depends upon the use of inputs 

and their cost. A detailed analysis of the cost of sugarcane production tells us about the 

contribution of inputs in sugarcane production and their economic significance in 

productivity. For sugarcane production cost incurred on land rent, tractor hours, seed, 

chemical fertilizers, farmyard manure, pesticides, irrigation and labor for entire period 

were considered. Cost and revenue were calculated at prevailing market rates. 

In literature several methods has been reported for estimation of profitability. But in 

this study standard method (i.e. simple budgeting technique) for calculating cost, gross 

margin and net return was applied.  Detail of quantity and value of inputs and outputs 

during entire period were obtained during survey. Imputed cost was considered for 

owner managed farm to take into consideration his management time as well as manual 

element if any. 

Detail of quantity and cost of inputs during entire crop season has been summarized in 

table 4.20.  Average per acre production cost of sugarcane fresh crop in study area was 

Rs.83, 473/-. Results indicate that out of total cost per acre, cost incurred on tractor 

hours was high i.e.  Rs. 19,646 (23.54 %) followed by land rent Rs. 16000 (19.17%), 

seed Rs.15,050 (18.03%), labor days Rs.14928 (17.88 %), DAP Rs. 6392 (7.66 %), 

urea Rs. 4928 (5.90 %), FYM Rs. 3247 (3.86 %), pesticides Rs.1813 (2.17 %) and 

irrigation Rs.1467 (1.76 %). Major cost items were tractor hours, land rent, seed and 

labor days. 

In district Mardan per acre cost incurred arrived was Rs. 77,771/-. Main cost 

determinants were labor days (Rs. 19686.00, 25.31%) followed by tractor hours (Rs. 

17809.20, 22.90%), seed cost (Rs. 12173.42, 15.65%), DAP (Rs. 7548.06, 9.71%), land 

rent (Rs. 7130, 9.17%), urea (Rs. 6333.6, 8.14%), FYM (Rs. 4906.818, 6.31%) and 

pesticides (Rs. 940.916, 0.95%) respectively.  

Estimated average cost of sugarcane production in district Charsadda was Rs. 77,083/-. 

In cost constituents tractor hours applied cost was found high (Rs. 20740, 26.91%) 

followed by seed cost (Rs. 17303.02, 22.45%), labor days (Rs. 15407, 19.99%), DAP 

(5996.80, 7.78%), land rent (Rs.576, 7.48%), urea (Rs. 4859.40, 6.30%), FYM (Rs. 
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3858.57, 5.01%), pesticides (Rs. 1613, 2.09 %) and irrigation (Rs. 1538.1, 2.00%) 

respectively. Tractor hours, seed and Labor days were found the major contributing 

factors in sugarcane per acre cost. 

In district D.I. Khan per acre sugarcane cost of production was arrived at Rs. 80,397.43. 

In district D.I. Khan tractor hours cost was higher (Rs. 21528.00, 26.78%) followed by 

seed cost (Rs.21237.91, 26.42%), labor days (Rs. 13598.10, 16.91%), land rent (Rs. 

7345.00, 9.14%), DAP (Rs. 6056.80, 7.53%), pesticides (Rs. 5036.84, 6.26%), urea 

(Rs. 3078.40, 3.83%), irrigation (Rs. 1430.00, 1.78%) and FYM (Rs. 1086.29, 1.35%) 

respectively. In district D.I. Khan tractor hours, seed and labor days were found main 

contributing factors to per acre cost of production. Variation in cost of production 

among districts was noted due to variation in inputs used for sugarcane production 

during entire seasons. 
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Table 4.20 Per acre cost of sugarcane production in overall study area as well 

as district wise 
District Variable Unit Quantity Price/unit Cost % 

Whole study area 

  

  

  

  

  

  

  

  

  

LR Rs. -- -- 16000 19.17 

Labor No. 49.76 300 14928 17.88 

Seed Kg. 2408.05 6.25 15050.313 18.03 

Tractor Hour 20.68 950 19646 23.54 

Irrigation No. 16.30 90 1467 1.76 

Urea Kg. 126.36 39 4928.04 5.90 

DAP Kg. 83.02 77 6392.54 7.66 

FYM Kg. 1623.56 2 3247.12 3.89 

Pesticides ML 3627.06 0.5 1813.53 2.17 

Total -- -- -- 83,473 100.00 

Mardan 

  
  
  
  
  
  
  
  
  

LR Rs. -- -- 7,130 9.17 

Labor No. 57.90 340 19686 25.31 

Seed Kg. 1739.06 7 12173.42 15.65 

Tractor Hour 18.36 970 17809.2 22.90 

Irrigation No. 15.69 92 1443.48 1.86 

Urea Kg. 158.34 40 6333.6 8.14 

DAP Kg. 96.77 78 7548.06 9.71 

FYM Kg. 2336.58 2.1 4906.818 6.31 

Pesticides ML 1234.86 0.6 740.916 0.95 

Total -- -- -- 77,771 100.00 

Charsadda 

  
  
  
  
  
  
  
  
  

LR Rs. -- -- 5,766 7.48 

Labor No. 44.02 350 15407 19.99 

Seed Kg. 2471.86 7 17303.02 22.45 

Tractor Hour 20.74 1000 20740 26.91 

Irrigation No. 17.09 90 1538.1 2.00 

Urea Kg. 115.70 42 4859.4 6.30 

DAP Kg. 74.96 80 5996.8 7.78 

FYM Kg. 1543.43 2.5 3858.575 5.01 

Pesticides ML 2689.83 0.6 1613.898 2.09 

Total -- -- -- 77,083 100.00 

DI Khan 

  

  

  

  

  

  

  

  

  

LR Rs. -- -- 7,345.00 9.14 

Labor No. 46.89 290 13,598.10 16.91 

Seed Kg. 3267.37 6.5 21,237.91 26.42 

Tractor Hour 23.92 900 21,528.00 26.78 

Irrigation No. 15.89 90 1,430.10 1.78 

Urea Kg. 76.96 40 3,078.40 3.83 

DAP Kg. 75.71 80 6,056.80 7.53 

FYM Kg. 724.19 1.5 1,086.29 1.35 

Pesticides ML 8394.74 0.6 5,036.84 6.26 

Total -- -- -- 80,397.43 100.00 

Source: Field Survey, 2014-15 

 

Where LR = Land Rent in study period, DAP = Diammonium phosphate, FYM = Farmyard 

manure, ML = Milliliter, No. = Number, Kg = Kilogram 
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4.6 Per acre Net Return of Sugarcane Crop in Study Area 

According to results worked out in table 4.21 gross revenue in study area was Rs. 

122103.65/-, which was arrived by multiplying per acre sugarcane fresh yield with 

prevailing price set by the government of Khyber Pakhtunkhwa. Table 4.21 revealed 

that overall average yield in study area was 24420.73 kg acre-1. During study period 

sugarcane was visualized as bumper crop, so the price per kg fixed was lower (Rs. 5). 

Subtracting associated per acre cost from gross revenue, overall net return arise Rs. 

38,630.65/-. Per acre average yield and net return was higher in district Mardan 

(25390.09kg, Rs.49, 179.45/-) followed by Charsadda (24566.78 kg, Rs. 45,750/-) and 

D.I. Khan (22714.21 kg, Rs.33173.65/-) respectively. The results are comparable with 

Mannan (2001). 

Table 4.21 Per acre gross revenue and net return of sugarcane production in 

study area 
District Item Unit Quantity Price/Unit Value (Rs.) 

Overall study 

area 

  

  

  

Yield/Acre Kg. 24420.73 5 122103.65 

G.R 
   

122103.65 

T.C/Acre 
   

83473.00 

N.R 
   

38630.65 

Mardan 

  

  

  

Yield/Acre Kg. 25390.09 5 126950.45 

G.R 
   

126950.45 

T.C/Acre 
   

77771.00 

N.R 
   

49179.45 

Charsadda 

  

  

  

Yield/Acre Kg. 24566.78 5 122833.90 

G.R 
   

122833.90 

T.C/Acre 
   

77083.00 

N.R 
   

45750.90 

D.I. Khan 

  

  

  

Yield/Acre Kg. 22714.21 5 113571.05 

G.R 
   

113571.05 

T.C/Acre 
   

80397.40 

N.R 
   

33173.65 

Source: Field Survey results. 

Where G.R, T.C and N.R indicate Gross Revenue, Total Cost and Net Revenue 

respectively 
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4.7 Likelihood Ratio Test  

A generalized likelihood ratio test was used for significance of coefficients and 

variance parameters considered in stochastic frontier production function and 

inefficiency model. According to Green (1990) these tests employ following statistics: 

LR = - 2[ln{ L( H0)} -  ln {L( H1)}]  

Were L (H0) and L (H1) represents values of null and alternative hypothesis. Various 

restrictions were imposed on model defined by equation 3.14 and 3.15. In first case 

(Model I) which represent traditional response model, restriction of no technical 

inefficiency effect i.e. γ = 0 was imposed. In second case (Model II) was tried which 

reflect that there is no such constraint i.e. γ # 0. To test the validity of these restrictions 

generalized likelihood ratio test was performed (Chi square test statistics). The results 

of these tests for sugarcane farmers in study area are presented in table 4.22. First 

column represent null hypothesis or the restriction imposed. Calculated test statistic has 

been given in second column. Third column represent critical values for test statistics. 

Last column represent decision regarding null hypothesis i.e. whether restriction is 

valid or not.   

In table 4.22 first null hypothesis was regarding absence of technical inefficiency effect 

from the model. i.e. 

H0 :   γ = δ0 = δ1 = ………………………..= δ8 = 0 

With imposition of this restriction on original model 3.14 value of log-likelihood ratio 

arrived at 34.26.  This value is greater than corresponding critical value of 3.84. Based 

on this test null hypothesis of no technical inefficiency effect was rejected. It was 

concluded Ordinary Least Square (OLS) production function was not appropriate 

representation of sample respondents in all districts. Same model fit test was repeated 

separately for district Mardan, Charsadda and D.I. Khan. The generalized likelihood 

ratio test statistics were 22.21, 13.22 and 25.40 for district Mardan, Charsadda and D.I. 

Khan respectively. LR test statistics are greater than corresponding critical value, thus 

null hypothesis of no inefficiency effect was rejected.   
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The fifth important null hypothesis is regarding influence of respondent socio-

economic characteristics on technical inefficiency. The null hypothesis was  

H0  :  δ0 = δ1 = ………………………………………. =δ8  =  0  

With imposition of this restriction on original model, value of LR test arrived at 3.98 

which is greater than critical value of 3.84. Therefore, null hypothesis that respondent’s 

socio-economic characteristics have no effect on technical inefficiency was rejected. 

For critical value Kodde and Palm (1986) table was considered. Same method has also 

been applied by Bakhsh (2007) in his research study.  

Table 4.22 Test of hypothesis for significance of coefficients and variance 

parameters 
Null Hypothesis LR Test statistics Critical value Decision 

All Districts 

H0 : γ = δ0 = δ1 = ….= δ8 = 0 
34.26 3.84 Reject H0 

District Mardan 

H0 : γ = δ0 = δ1 = ….= δ8 = 0 
22.21 3.84 Reject H0 

District Charsadda 

H0 : γ = δ0 = δ1 = ….= δ8 = 0 
13.22 3.84 Reject H0 

District DI Khan 

H0 : γ = δ0 = δ1 = ….= δ8 = 0 
25.40 3.84 Reject H0 

H0 :  δ0 = δ1 = ….= δ8 = 0 3.98 3.84 Reject H0 

4.8 Technical Efficiency Analysis of Sugarcane Growers in Overall Study Area 

Computer package STATA was used to obtain the results of Ordinary Least Squares 

(OLS) and Maximum Likelihood Estimates (MLE) for Cobb-Douglas production 

function. These results are reported in table 4.23. OLS model validation tests were 

annexed at annexure-IX. Coefficients of different inputs variables and their 

corresponding T-ratios estimated by OLS and MLE are reported in 4th, 5th, 6th and 7th 

columns of table 4.23 respectively. P-values associated with MLE were reported in 8th 

column. The parameters of Cobb-Douglas production function illustrate elasticities of 

inputs in the production process. The parameters of land allocated to sugarcane crop 

during the study period, labour days, seed used, tractors hours, number of irrigations 

and quantity of urea applied are significant and hence play major role in sugarcane 

production. The coefficient of DAP, Farmyard manure (FYM) and pesticides were 

found positive but non-significant at 5% level.  These inputs were used less than the 
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recommended level and hence their contribution is non-significant. In dummy variables 

coefficient for D1 is positive and non-significant which mean that per acre yield 

difference between district Mardan and Charsadda is comparatively less. Negative sign 

for D2 (Dummy variable for district D.I. Khan) imply that per acre sugarcane yield in 

D.I. Khan was significantly low compare to district Mardan. 

For determinants of inefficiency, technical inefficiency model was estimated. Its 

empirical results have been added in table 4.23. In inefficiency model negative sign 

associated with a parameter means that the variable reduces technical inefficiency 

while a positive sign mean that it increase technical inefficiency. It is evident that the 

coefficients of the years of age, experience and off-farm income are negatively and 

significantly associated with technical inefficiency of sugarcane production in the study 

area. In some studies such as Bakhsh (2007), Hussain (2004) and Javed (2009) age of 

primary decision maker is assumed to serve as a proxy for farming experience. 

Similarly, other researcher such as Sajjad (2012), Saddozai et al. (2013) and Thabethe 

(2013) have considered both age and farming experience in their studies. The results 

imply that in overall study area older growers with more years of experience are more 

efficient than younger farmers with less years of experience. The result is in line with 

Padilla et al (2001). He also discovered positive relationship between technical 

efficiency and experience. Parikh et al (1995) and Coelli (1996) concluded that positive 

as well as negative sign is expected for age. They highlighted the possibility that 

because of more experience aged farmers are likely less inefficient.  

The coefficient for years of education was found significant at 5% level and positively 

related with technical inefficiency. This implies that increase in formal education would 

increase inefficiency or decrease the production efficiency. It might be that farmers are 

using traditional methods in study area that require no formal education or people get 

educated finds off-farm income opportunities and give less attention to farming. Nchare 

(2007) reported that education did not significantly affect technical efficiency in areas 

where farmers are using traditional production methods. The finding are in agreement 

with Page and John (1984), Wang et al. (1996) and Musab and Bwacha (2014). Little or 

no association between technical efficiency and formal education has also been 

reported by Azhar (1991) in his study conducted in Punjab-Pakistan. 



77 

It is evident from table 4.23 that coefficients for family size, farm to home distance and 

extension contacts are non-significant and negatively related to technical inefficiency. 

Effect of family size is non-significant; this implies that in study area family size do not 

contribute in enhancing technical efficiency, because in large families problem arise in 

allocation of financial resources for family members health and education if they are 

below of ten years age. However, the results are not in line with Rehman et al. (2012) 

who found positive and significant relationship between family size and technical 

efficiency in a similar study. 

Timely unavailability of financial resources could be constraint that finally results in 

low technical inefficiency. However, literature offer mixed results. Tesfay et al. (2005) 

and Pascaul (2004) reported that off-farm income increase technical efficiency because 

it insures inputs availability timely. On the other hand Abdulai and Eberlin (2001) 

found inefficiency in production with involvement of growers in off-farm activities. He 

assumed that managerial inputs may be withdrawn from production activities with 

increased participation of farmers in off-farm activities.  

Farm to home distance was considered for reasons such as; it would be a waste of time, 

energy adding to the hardship of farming business, additional production costs and 

shipping time through transportation. It also effects access to field days, field visits and 

limit other extension services (Upton, 1997 & World trade report, 2004).  It is assumed 

that farms located near to home would be relatively more efficient than those located at 

remote areas. But in current study it was found non-significant, it might be due to the 

reason that in study area average farm to home distance was less (623.14 meter which 

is less than one kilometer). 

Extension services from government side are considered a key policy instrument to 

improve agricultural productivity but in study area its impact was found statestically 

non-significant. The reason might be less than appropriate numbers of extension 

contacts (7.14) or the grower’s traditional methods of sugarcane production in study 

area. Muhammad-Lawal et al. (2009) reported that inefficiency in extension services 

might be due to lack of trust among farming community on the potency of information 

received from the extension agents. Raphael. (2008) considered bureaucratic 

inefficiency and weaknesses of civil services in information dissemination for 

extension services poor effect. Zinnah et al. (1993) and Feder et al. (2003) pointed 
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weak linkage of Agricultural Research, Agricultural Extension and farming community 

in developing countries for inefficiency of extension services. They also highlighted 

poor operation of extension system due to deficient program design, generic weakness 

in publicly operated information delivery system and application of top-down 

approach. 

In current study land tenure was found positive but statistically non-significant. It is 

evident from various empirical studies that land tenure system has influence on 

agricultural production efficiency. According to Iqbal et al. (2001), Abdulai et al. 

(2011) and Oladele et al. (2011) farmers operating under fixed land-rent system are 

more efficient than owner operators. On the other hand Gavian and Ehui (1999) and Ali 

(2009) reported that sharecropping has a significant negative impact on agricultural 

productivity. They give the reason that share cropping discourages investment in 

productivity enhancing measures. 

The overall technical inefficiency effects was evaluated in terms of gamma parameter   

( ), which explain inefficiency impact in output (Stefan et al 2011).  The gamma value 

was used as an indicator for presence of inefficiency in survey data. According to table 

4.23 calculated log likelihood ratio statistics’ for model fitness was significant at 0.05, 

which mean the OLS estimation was not appropriate demonstration for survey data. In 

current study gamma value 0.61 indicates that 61% variation in sugarcane production 

would be the result of technical inefficiency. The rest 39% might be due to random 

noise. 
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Table 4.23 Ordinary Least Square (OLS) and Maximum Likelihood Estimates 

(MLE) of the Stochastic Frontier Production Function for Overall 

Study Area 
Variables 

  

Unit 

  

Parameter 

  

OLS MLE 

Coefficients T-ratios Coefficient T-ratios P-Value 

Constant  -- 𝛽0 4.419 34.28 4.467 33.06 0.000 

LASCC Rs. 𝛽1 0.019 2.91 0.022 3.97 0.000 

Labor No. 𝛽2 0.128 4.47 0.092 3.25 0.000 

Seed Kg. 𝛽3 0.15 6.8 0.138 7.22 0.000 

Tractor Hour 𝛽4 0.06 3.14 0.052 3.19 0.000 

Irrigation No. 𝛽5 0.11 6.42 0.085 4.94 0.000 

Urea Kg. 𝛽6 0.08 6.26 0.079 6.578 0.000 

DAP Kg. 𝛽7 0.02 1.05 0.02 1.86 0.076 

FYM Kg. 𝛽8 0.002 0.21 0.025 1.65 0.054 

Pesticides ML 𝛽9 0.001 0.31 0.005 1.16 0.059 

Dummy 1 (D1)  -- 𝛽10 -0.002 -0.21 0.001 0.1 0.097 

Dummy 2 (D2)  -- 𝛽11 -0.154 -8.31 -0.018 -5.66 0.001 

Technical inefficiency effect model 

Constant  -- 𝛿0 - - -3.73 -4.06 0.023 

Age   Year 𝛿1 - - -0.179 -4.01 0.006 

Experience Year 𝛿2 - - -0.084 -3.01 0.002 

Education Year 𝛿3 - - 0.874 3.68 0.004 

Family size No. 𝛿4 - - -0.084 -1.31 0.380 

Off-farm income D 𝛿5 - - -0.715 -2.28 0.011 

F.H.D Meter 𝛿6 - - -0.004 -0.5 0.556 

Extension contacts  No. 𝛿7 - - -0.041 -1.15 0.103 

Tenurial status  D 𝛿8 - - 0.04 0.2 0.521 

Variance Parameters 

Sigma-V  - 
  

0.021 

Sigma-U  - 
  0.033 

Lambda  (𝝈𝒖/𝝈𝒗)  - Λ 1.57 

 Gamma  

(𝝈𝒖
𝟐/𝝈𝒖

𝟐  + 𝝈𝒗
𝟐) 

 -   0.61 

Log likelihood function 498.41 529.22 

Source: Study results 

Note:  LASCC = Land allocated to sugarcane crop during the study period, DAP = 

Diammonium phosphate, FYM = Farmyard manure, D = Dummy, F.D.H = 

Farm to Home Distance, No. = Number. 
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4.8.1 Technical Efficiency Analysis of Sugarcane Growers in District Mardan 

Table 4.24 presents ordinary least squares (OLS) and maximum likelihood (ML) 

estimates of stochastic frontier production function for district Mardan. Input 

coefficients all inputs (labor days, seed used, tractor hours, irrigation, urea and DAP) 

except land, FYM and pesticides were found positive and significant at 5% significance 

level. Coefficients of all variable included in the model carry the expected positive 

sign. Production elasticities given in table 4.24 indicates that one percent increase in 

labor days, seed quantity, tractor hours, irrigation, quantity of urea and DAP would 

increase sugarcane yield by 0.121, 0.133, 0.011, 0.091, 0.022 and 0.057 percent 

respectively. In district Mardan the largest contributor to sugarcane production were 

seed labor and irrigation with elasticities of 0.133, 0.121 and 0.091 respectively.  

Contrary to Basnayake and Gunaratne (2002) land was found non-significant in 

sugarcane production which mean that land size doesn’t matter, other factors such as 

proper management can help grower’s to achieve maximum yield from a given piece of 

land. However, the finding is in agreement with Londiwe et al. (2014). Coefficient for 

pesticides was not significant because in study area its use was negligible. As far as 

FYM is concerned, main reason for its non-significance might be its less than 

appropriate quantity of application, growers trust and their preference of chemical 

fertilizers.  

Socioeconomic characteristics are important in terms of making policy option and are 

expected to affect production efficiency (Ali and Chaudhary, 1990). With regard to 

production efficiency variation of sample respondents in district Mardan, inefficiency 

effect model provide important insight. According to parameters estimates given in 

table 4.24 grower’s experience and extension contacts has expected negative and 

significant relation with technical inefficiency in district Mardan. This mean that 

farming experience along with access to extension services (either in the form of 

literature or contacts) increase production efficiency. Several researchers such as 

Padilla et al. (2001) and Chiona et al. (2014) discovered same findings. The coefficients 

grower’s age, family size, off-farm income and tenurial status  has expected signs 

which indicate that these variables are negatively related with technical inefficiency, 

however their contribution was found non-significant at 5% level. Effect of grower’s 

education was found non-significant with positive sign. 
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The variance ratio (γ) arrived at 0.59 which revealed that 59 % variation in sugarcane 

production among growers in district Mardan was due to inefficiency and the remaining 

42% was attributed to random error. 

Table 4.24 OLS & MLE of the stochastic frontier production function for 

District Mardan 
Variables Unit Parameter OLS MLE 

      Coefficient T-ratios Coefficient T-ratios P-Value 

Constant  -- 𝛽0 3.61 17.28 4.130 20.06 0.000 

LASCC Rs. 𝛽1 0.007 0.90 0.012 1.79 0.076 

Labor No. 𝛽2 0.09 2.64 0.121 2.94 0.004 

Seed Kg. 𝛽3 0.116 3.78 0.133 3.99 0.001 

Tractor Hour 𝛽4 0.05 2.10 0.011 2.54 0.010 

Irrigation No. 𝛽5 0.069 3.37 0.091 4.18 0.000 

Urea Kg. 𝛽6 0.01 2.09 0.022 2.10 0.000 

DAP Kg. 𝛽7 0.048 1.98 0.057 2.10 0.030 

FYM Kg. 𝛽8 0.009 0.42 0.047 1.62 0.302 

Pesticides ML 𝛽9 0.009 1.41 0.020 1.92 0.200 

Technical inefficiency effect model  

Constant   𝛿0 - - -3.983 -4.55 0.002 

Age Year 𝛿1 - - -0.080 -0.83 0.422 

Experience Year 𝛿2 - - -0.128 -2.19 0.024 

Education Year 𝛿3 - - 0.168 0.87 0.408 

Family size No. 𝛿4 - - -0.072 -0.88 0.534 

O.F.M D 𝛿5 - - -0.68 -1.14 0.133 

F.H.D Meter 𝛿6 - - 0.002 1.90 0.120 

Tenancy D 𝛿7 - - -0.68 -1.14 0.294 

Extension 

contacts 

 No. 𝛿8 - - -0.261 -2.01 0.001 

Variance Parameters 

Sigma-V 
  

0.037 

Sigma-U 
  0.025 

Lambda  (𝜎𝑢/𝜎𝑣) λ 1.48 

 Gamma (𝜎𝑢
2/𝜎𝑢

2 + 𝜎𝑣
2)   0.59 

Log likelihood function  192.55 212.79 

Source:  Study results. 

 

Note: LASCC = Land allocated to sugarcane crop during the study period, DAP = 

Diammonium phosphate, FYM = Farmyard manure, ML = Milliliter, O.F.M = 

Off farm income, F.H.D = Farm to Home Distance, No. = Number 
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4.8.2 Technical Efficiency Analysis of Sugarcane Growers in District Charsadda 

Table 4.25 presents OLS and MLE estimates of Cobb-Douglas frontier production 

function for district Charsadda. It is evident that estimated elasticities for land, labor 

days, seed used, tractor hours, irrigation, quantity of urea and FYM applied are positive 

and significant at 5 % level. The positive elasticities indicate that one percent increase 

in these variables raises sugarcane production by 0.015, 0.121, 0.103, 0.111, 0.156 and 

0.035 respectively. DAP and pesticides were found non-significant at 5% level. 

Results given in table 4.25 illustrate that out of eight inefficiency variables grower 

experience, education and extension contacts carry expected negative sign and are 

significant at 5% level. These findings reveal that with increase in grower’s experience, 

education and contacts with extension workers sugarcane production would increase. 

These results are in agreement with Mohapatra and Bhabesh Sen (2013).   

The age, off-farm income and farm to home distance were found positive and 

significant at 5% level. The results suggest that grower inefficiency increase with 

increase in his age, off-farm activities and farm to home distance. In district Charsadda 

family size and land tenure has the expected signs that these variables are positively 

related with technical efficiency but are statistically non-significant at 5 % level. 

The estimated value for gamma (γ = 0.69) was found statistically different from zero, 

which confirm the presumption of differences in technical efficiency among sugarcane 

growers in district Charsada. MLE value for gamma (γ = 0.69) is consistent with the 

theory that its true value should be greater than zero. Gamma value suggest that 69 % 

variation in sugarcane production is due to inefficiency and the remaining 31 % is due 

to random effect.  
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Table 4.25 OLS & MLE of the stochastic frontier production function for 

District Charsadda 
Variables Unit Parameter OLS MLE 

      Coefficients T-ratios Coefficient T-ratios P-Value 

Constant  -- 𝛽0 3.74 17.81 3.571 17.91 0.000 

LASCC Rs. 𝛽1 0.010 1.54 0.015 2.72 0.030 

Labor No. 𝛽2 0.132 2.22 0.121 2.94 0.020 

Seed Kg. 𝛽3 0.123 3.61 0.103 3.67 0.000 

Tractor Hour 𝛽4 0.056 2.25 0.111 3.80 0.000 

Irrigation No. 𝛽5 0.118 4.54 0.156 5.25 0.000 

Urea Kg. 𝛽6 0.043 2.03 0.068 3.26 0.000 

DAP Kg. 𝛽7 0.019 0.77 0.038 1.53 0.133 

FYM Kg. 𝛽8 0.019 1.38 0.035 2.12 0.035 

Pesticides ML 𝛽9 0.006 1.08 0.004 1.02 0.302 

Technical inefficiency effect model   

Constant   𝛿0 - - -3.64 -7.37 0.000 

Age  Year 𝛿1 - - 0.059 3.64 0.000 

Experience  Year 𝛿2 - - -0.05 -3.14 0.000 

Education  Year 𝛿3 - - -0.268 -2.66 0.020 

Family size  No. 𝛿4 - - 0.001 0.05 0.530 

O.F.I Dummy 𝛿5 - - 0.68 3.18 0.000 

F.H.D  Meter 𝛿6 - - 0.009 2.67 0.010 

Tenancy  Dummy 𝛿7 - - -0.046 -0.078 0.520 

Extension 

contacts 
 No. 𝛿8 - - -0.141 -3.55 0.000 

Variance Parameters 

Sigma-V  
  

0.036 

Sigma-U  
  

0.054 

Lambda  (𝝈𝒖/𝝈𝒗)  Λ 1.513 

 Gamma (𝝈𝒖
𝟐/𝝈𝒖

𝟐  + 𝝈𝒗
𝟐)    0.69 

Log likelihood function   201.19 312.33 

 

Source: Author’s OLS & MLE STATA results. 

 

Note:  LASCC = Land allocated to sugarcane crop during the study period, DAP = 

Diammonium phosphate, FYM = Farmyard manure, ML = Milliliter, O.F.I = 

Off farm Income, F.H.D = Farm to Home Distance, No. = Number 
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4.8.3 Technical Efficiency Analysis of Sugarcane Growers in District D.I. Khan 

Table 4.26 presents OLS and MLE results of Cobb-Douglas frontier production 

function obtained by STATA computer software. The estimated production elasticities 

for labour days, seed used, tractor hours, irrigation, urea and pesticides were found 

positive as expected and significant at 5% level.  The positive sign indicates that one 

percent increase in these variables will increase sugarcane yield by 0.132, 0.171, 0.065, 

0.088, 0.075 and 0.073 percent respectively. In district D.I. Khan pesticides application 

was found significant, which is in agreement with Bashir et al. (2010) and Ogundari et 

al. (2010). In their studies they found positive relationship between yield and plant 

protection measures. 

Derived production elasticities for land, DAP and FYM has the expected positive sign 

but statistically non-significant at 5% level. Because of positive sign this cannot be 

argued that land is negatively correlated with technical efficiency. According to Khan 

and Maki (1980) study conducted in Pakistan, there is no relationship between farm 

size and technical efficiency. On the other hand, Burki and Shah (1998) concluded that 

as area allocation for crop increase its productivity and efficiency decreases.  

In inefficiency effect model age and off-farm income has negative and statistically 

significant relationship with technical inefficiency of sugarcane growers in district D.I. 

Khan. Results indicated that grower’s participation in off-farm activities increase 

technical efficiency, which can be argued that additional income generated by family 

members engaged in other activities  compensate more for the constraint caused by 

farm labour reduction. The result is in line with Pascaul (2005). Grower’s education, 

family size, farm to home distance and tenancy has positive relationship with technical 

inefficiency. Coefficient of education was found significant while family size, farm to 

home distance and tenancy were non- significant. Extension contacts have the expected 

negative sign but its coefficient is non- significant at 5% level. 

The variance parameter gamma value arrived at 0.82 which mean that 82 % variation in 

production among sugarcane growers in district D.I. Khan was due to technical 

inefficiency. The remaining 18 % variation will be attributed to random effects. 
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Table 4.26 OLS & MLE of the stochastic frontier production function for 

District D.I. Khan 
Variables Unit Parameter                    OLS MLE 

Coefficients T-ratios Coefficient T-ratios P-Value 

Constant  -- 𝛽0 3.75 14.92 4.24 17.65 0.000 

LASCC Rs. 𝛽1 0.054 0.39 0.13 1.74 0.225 

Labour Person day 𝛽2 0.16 0.14 0.132 2.22 0.023 

Seed Kg. 𝛽3 0.172 4.41 0.171 5.81 0.000 

Tractor Hour 𝛽4 0.078 2.10 0.065 2.21 0.020 

Irrigation No. 𝛽5 0.060 2.95 0.088 5.13 0.000 

Urea Kg. 𝛽6 0.059 2.67 0.075 2.83 0.005 

DAP Kg. 𝛽7 0.040 1.55 0.014 0.070 0.840 

FYM Kg. 𝛽8 0.034 1.62 0.028 1.76 0.271 

Pesticides ML 𝛽9 0.109 4.46 0.073 4.86 0.000 

Technical inefficiency effect model  

Constant   𝛿0 - - -7.61 -2.40 0.010 

Age  Year 𝛿1 - - -0.713 -3.02 0.004 

Experience  Year 𝛿2 - - -0.008 -0.009 0.900 

Education  Year 𝛿3 - - 3.70 2.83 0.008 

Family size  No. 𝛿4 - - 0.164 1.09 0.097 

O.F.I Dummy 𝛿5 - - -0.475 -2.41 0.014 

F.H.D  Meter 𝛿6 - - 0.001 0.46 0.783 

Tenancy Dummy 𝛿7 - - 0.038 0.19 0.810 

Extension contacts  No. 𝛿8 - - -1.16 -1.54 0.179 

Variance Parameters 

Sigma-V 
  

0.020 

Sigma-U 
  

0.042 

Lambda  (𝝈𝒖/𝝈𝒗) Λ 2.068 

 Gamma  

(𝝈𝒖
𝟐/𝝈𝒖

𝟐  + 𝝈𝒗
𝟐) 

  0.820 

Log likelihood function  153.64 171.92 

 

Source: Author’s OLS & MLE STATA results. 

 

Note:   LASCC = Land allocated to sugarcane crop during the study period, 

DAP = Diammonium phosphate, FYM = Farmyard manure, ML = 

Milliliter, O.F.I = Off farm income, F.H.D = Farm to home distance, No. 

= Number 
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4.8.4 Frequency Distribution of Technical Efficiency Estimates along with 

Summary Statistics for Sugarcane Grower’s in Study Area 

Frequency distribution for individual technical efficiency of sample respondents has 

been given in table 4.27.  These results have been calculated by using the formula given 

in equation 3.16. It is evident that in district Mardan average predicated technical 

efficiency for sugarcane growers range from 0.58 to 0.98 with a mean value of 0.83.  

The result highlights that in district Mardan average growers can increase his 

production by 15% or 3808.5 kg per acre (15% of mean yield 25390.09 Kg per acre) in 

order to reach the efficient fellow farmer. According to results summarized in table 

4.27 out of total 109 respondents maximum (39, 35.78%) are operating in level 0.80-

0.90 followed by (28, 25.69%), (19, 17.43%), (16, 14.68%) and (7, 6.42%)  in the range 

0.70-0.80, 0.50-0.70,  >0.90 and <0.50 respectively. This implies sugarcane farms face 

technical inefficiency problems in district Mardan because only 14.68% respondents 

were found above 90 % technical efficiency level. 

The estimated mean technical efficiency score in district Charsadda varies from 

minimum 0.54 to maximum 0.92 with an average score of 0.78. it is evident from the 

table 4.27 that majority of sample respondents (53.39%) falls within the range of 0.50 

and 0.70. Out of 118 sample farms in district Charsadda only 5.93 percent have 

technical efficiency greater than 0.90. 11.02 % are operating above 80 percent and the 

remaining 20.34% and 9.32% lied between 0.70-0.80 and <0.50 respectively. It can be 

concluded that there exist sever inefficiency problems among majority of sugarcane 

growers. Results show that with existing inputs and technology there is potential for 

average grower’s to increase his yield by 3685 kg per acre (15 % of mean yield 

24566.78) in order to reach his efficient fellow sugarcane grower in district Charsadda 

The minimum and maximum technical efficiency score in district D.I. Khan was found 

0.53 and 0.79 respectively with mean value of 0.63. Technical efficiency score shows 

that average growers can increase his yield up to 20% or 4542 kg per acre to reach the 

efficient fellow sugarcane growers in district D.I. Khan. Majority (85.53%) of the 

growers are operating in the range 0.50 to 0.70.  7.89% farms have technical efficiency 

between 0.70-0.80, 3.95 % have technical level <0.50 and the remaining 2.63 % were 

found between 0.80-0.90. In district D.I. Khan no farm was found above 90 % of 

technical efficiency level. 
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In table 4.27 last two columns represent the overall position of estimated technical 

efficiencies of individual growers. It is evident that majority (147 out of 303) of sample 

respondents in study area are operating between 0.50 and 0.70 technical efficiency 

level. 19.14 % were found in the range 0.70-0.08, followed by 17.82 %, 7.59% and 

6.93 % in the range 080-0.09, >0.90 and <0.50 respectively. Overall mean technical 

efficiency level arrived at 0.70 with range from minimum 0.53 to maximum 0.98. The 

presence of technical inefficiency in sugarcane farms indicates the potential yield gains 

without increasing input use. Average grower could realize 28% or 6,837.8 kg per acre  

(28 % of mean yield 24420.73 kg per acre) yield gains to achieve technical efficiency 

level of its most efficient fellow farmer in study area. 

Table 4.27  Frequency Distribution of Technical Efficiency Estimates in Study 

Area 

Efficiency 

level 

Mardan Charsadda DI Khan Overall 

No. % No. % No. % No. % 

<0.50 7 6.42 11 9.32 3 3.95 21 6.93 

0.50-0.70 19 17.43 63 53.39 65 85.53 147 48.51 

0.70-0.80 28 25.69 24 20.34 6 7.89 58 19.14 

0.80-0.90 39 35.78 13 11.02 2 2.63 54 17.82 

>0.90 16 14.68 7 5.93 0 0.00 23 7.59 

Mean 0.83 
 

0.78 
 

0.63 
 

0.70 
 

Min 0.58 
 

0.54 
 

0.53 
 

0.53 
 

Max 0.98 
 

0.92 
 

0.79 
 

0.98 
 

Source: Researcher’s study results obtained by STATA 

 

 

 

Figure 4. Frequency distribution of technical efficiency of sugarcane farms in 

study area 
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Mean technical efficiency level in study area was found 0.70; none of the respondents 

had technical efficiency of 100%. This implies that there is room for increase in 

sugarcane production with existing resource base and technology.  Technical efficiency 

level in study area is less than that found by Ali et al. (2013) for sugarcane farmers 

(0.77) in district D.I. Khan. Rangalal and Bhabesh Sen (2013) found 0.79 mean 

technical efficiency level for sugarcane crop in India. Similar Londiwe et al. (2014) 

reported 0.68 mean technical efficiency level for sugarcane crop in South Africa. 

Battese et al (1986) and Ali and Flinn (1987) reported 68 and 72 percent mean 

technical efficiency level for agricultural crops (wheat and rice) in Pakistan. Hussain 

(1989) arrived at 69% technical efficiency level for wheat in Khyber Pakhtunkhwa 

(NWFP at the time of study).     

4.9 Stochastic Frontier Cost Function and Allocative Efficiency Analysis of 

Pooled data in Study Area 

Based on model 3.17 table 4.28 present OLS and ML estimates of the stochastic 

frontier cost function. The  estimated coefficients of parameters and t-ratios revealed 

that  the independent variables (observed yield, land rent and cost incurred on labour 

days, seed, tractor hours, irrigation, urea, DAP, FYM and pesticides respectively) of the 

stochastic cost frontier model carry positive sign as expected and are significant at 5% 

level. This is in line with findings of Ogundari and Ojo (2006).  The estimated cost 

elasticities of these explanatory variables show that with one percent increase in 

sugarcane production and prices of these inputs increase the total production cost by 

0.137, 0.002 0.339, 0.118, 0.346, 0.084, 0.04, 0.141, 0.047 and 0.037 percent 

respectively.   It is evident from results given in table 4.28 that estimated elasticities for   

Dummy 1 and 2 carry negative sign which might be due to variation in inputs use and 

per acre yield among the districts under study.  

In allocative inefficiency model management qualities of farmers e.g. age, experience, 

education along with family size, off farm income, farm to home distance, tenancy and 

extension contacts were considered. It has been argued that management qualities 

enable farmers to increase production and allocate their resources in a cost-efficient 

manner. 

The results given in table 4.28 shows that only education and extension contacts has  

negative and significant relationship with allocative inefficiency. Results illustrate that 
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with increase in grower’s education level and extension contacts could reduce 

allocative inefficiency. According to Jamison and Moock (1984) education may 

enhance both technical and allocative efficiency. Bravo-Ureta and Pinheiro (1997) has 

reported same finding regarding positive effect of education on allocative efficiency in 

the Dominican Republic. Similarly, Akinbode (2010) reported that both extension 

contacts and education exert significant negative effects on technical and allocative 

inefficiency of growers in Ogun State. 

Age of the grower, experience, family size, distance between farm and home and 

tenancy status were found negative but non-significant at 5% level. The estimated 

gamma (  ) arrived at 0.62 which implies that 62 % variation in sugarcane total cost of 

production among growers was associated with farmer’s allocative inefficiency. 

Gamma value represents factors that are under farmer’s control, its proper management 

could reduce allocative inefficiency of sample respondents. 
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Table 4.28  Ordinary least square (OLS) and maximum likelihood (ML) 

estimates for stochastic frontier cost function in overall study area 
Variables 

  

Parameter 

  

                          OLS                        MLE 

Coefficient T-ratio Coefficient T-ratio P-Value 

Constant α0 4.3 12.85 4.66 14.19 0.000 

Ln Y*  α1 0.176 8.14 0.137 5.91 0.000 

Ln ρ1 α2 0.002 2.04 0.002 2.12 0.001 

Ln ρ2 α3 0.347 16.58 0.339 16.26 0.000 

Ln ρ3 α4 0.122 9.23 0.118 8.95 0.000 

Ln ρ4 α5 0.347 13.58 0.346 13.86 0.000 

Ln ρ5 α6 0.082 4.92 0.084 5.09 0.000 

Ln ρ6 α7 0.043 3.51 0.04 3.49 0.000 

Ln ρ7 α8 0.145 8.62 0.141 8.53 0.000 

Ln ρ8 α9 0.048 3.35 0.047 3.4 0.000 

Ln ρ9 α10 0.038 5.75 0.037 5.78 0.000 

Ln ρ10 α11 -0.102 -16.32 -0.079 -16.92 0.000 

Ln ρ11 α12 -0.106 -13.77 -0.056 -9.34 0.000 

Allocative inefficiency model estimates  

Constant 
0  

- - -4.48 -2.23 0.025 

Age (Year)  1 - - -0.08 -1.93 0.259 

Experience (Year) 
2  

- - -0.112 -1.59 0.234 

Education (Year) 
3  

- - -0.657 -2.2 0.021 

Family Size (Year) 
4  

- - 0.191 1.39 0.269 

O.F.I (Dummy) 
5  

- - -0.68 -1.3 0.081 

F.H.D (meter) 
6  

- - -0.0006 -0.92 0.840 

Tenancy (Dummy) 
7  

- - -0.133 -0.28 0.736 

Extension contacts (No.) 
8  

- - -0.286 -2.22 0.019 

Variance Parameters 

Sigma V 
  

0.047 

Sigma U 
  

0.059 

Lambda λ 1.255 

Gamma Γ 0.62 

Log likelihood function  434.69 446.09 

 

Source: Researcher’s calculation from STATA 

(Where Ln and ρ1, ρ2………… ρ11  stands for natural log, land rent and cost incurred on 

inputs such as labour, seed, tractor hours, irrigation, urea, DAP, FYM, pesticides.  

Similarly O.F.I = Off farm income, F.H.D = Farm to home distance 
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4.9.1 Allocative Efficiency Analysis of Sugarcane Growers in District Mardan 

According to the results summarized in table 4.29 yield, land rent, labour days, seed, 

tractor hours, irrigation, urea, DAP and pesticides were the major cost factors in district 

Mardan. The coefficients were found positive as prior expectation and significant at 5% 

level. The estimated elasticities indicated that one percent increase in sugarcane yield, 

land rent and prices of these mentioned variables would rise cost of production by 

0.339, 0.0094, 0.28, 0.248, 0.307, 0.119, 0.147, 0.183, 0.039 and 0.021 percent 

respectively. The coefficient of farmyard manure was found positive but non-

significant which implies that it has no or less contribution in overall cost of 

production. 

In allocative inefficiency model according to results presented in table 4.29 signs for 

grower’s experience, education level and off farm income were found negative and 

significant, which means that these variables exhibit negative relationship with 

allocative inefficiency. 

Wilson et al. (2001) and Padilla et al. (2001) found that more years of farming and 

managerial experience is positively related with allocative efficiency. Result regarding 

off-farm income was found in line with Pascaul (2005) and Tesfay et al. (2005) while it 

is in disagreement with Abdulai and Eberlin (2001). According to Londiwe et al 

(2014), education contribution in productivity could be attributed to worker and 

allocative effect (Welch-effect). Where Worker effect refers to technical efficiency and 

allocative effect represent allocative efficiency which mean ability of an educated 

grower to understand, obtain and analyze information about inputs prices and 

production practices. He pointed that education increase managerial capabilities of 

farmers at each stage. Also the result regarding education is in line with Amos (2007). 

In allocative inefficiency model the coefficients for age, family size, distance from 

home to farm, tenancy status and extension contacts were found not significant in 

district Mardan. 

In district Mardan the gamma value arrived at 0.72 which mean that 72% variation in 

cost of production among sugarcane growers in district Mardan was related to 

allocative inefficiency and the remaining 28 % was due to random errors. 
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Table 4.29  Ordinary least square (OLS) and maximum likelihood (ML) 

estimates for stochastic frontier cost function in District Mardan 

Variables  Parameter  OLS MLE 

Coefficient T-ratio Coefficient T-ratio P-Value 

Constant α0 2.87 7.27 2.95 8.42 0.000 

Ln Y* α1 0.32 4.84 0.339 5.16 0.000 

Ln ρ1 α2 0.004 1.39 0.009 2.45 0.010 

Ln ρ2 α3 0.295 10.05 0.28 9.8 0.000 

Ln ρ3 α4 0.241 13.4 0.248 15.79 0.000 

Ln ρ4 α5 0.283 9.18 0.307 10.13 0.000 

Ln ρ5 α6 0.059 2.33 0.119 3.13 0.000 

Ln ρ6 α7 0.139 8.44 0.147 12.27 0.000 

Ln ρ7 α8 0.168 8.92 0.183 10.7 0.000 

Ln ρ8 α9 0.049 3.06 0.039 1.83 0.073 

Ln ρ9 α10 0.024 3.73 0.021 2.01 0.010 

Allocative Inefficiency Model Estimates  

Constant 
0  

- - -5.07 -4.85 0.000 

Age (Year) 
1 

- - 0.081 0.79 0.394 

Experience (Year) 
2  

- - -0.741 -2.04 0.031 

Education (Year) 
3  

- - -0.261 -2.43 0.012 

Family Size (No) 
4  

- - -1.388 -1.77 0.532 

O.F.I (Dummy) 
5  

- - -0.054 -2.2 0.022 

F.H.D (Meter) 
6  

- - 0.002 1.87 0.345 

Tenancy (Dummy) 
7  

- - -0.764 -1.9 0.310 

Extension contacts (No.) 
8  

- - -0.106 -0.91 0.413 

Variance Parameters 

Sigma V 
  0.031 

Sigma U 
  0.05 

Lambda λ 1.61 

Gamma Γ 0.72 

Log likelihood function  153.69 161.58 

 

Source: Researcher’s calculation from STATA 

(Where Ln, Y* and  ρ1, ρ2………… ρ9  represents respectively natural log, observed 

yield , land rent and cost incurred on inputs labour, seed, tractor hours, irrigation, urea, 

DAP, FYM and pesticides.  O.F.I = Off farm income, F.H.D = Farm to home distance  
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4.9.2 Allocative Efficiency Analysis of Sugarcane Growers in District Charsadda 

According to table 4.30 except farmyard manure and pesticides all other explanatory 

variables were found dominant cost factors of sugarcane production in district 

Charsadda. Farmyard manure and pesticides also carry positive sign but were found 

non-significant at 5% level. The estimated cost elasticites shows that one percent 

increase in total production and prices of explanatory variables given in table 4.30 

increase total cost of production by 0.097, 0.0023, 0.294, 0.217, 0.338, 0.083, 0.084, 

0.224, 0.029 and 0.017 percent respectively.  

In allocative inefficiency model family size and extension contacts were found 

negatively and significantly correlated with allocative inefficiency at 5% level. A 

possible reason of family size positive impact on allocative efficiency might be that 

larger household size ensure availability of labor for various activities to be carried out 

timely. At peak seasons large family size could deploy more labour to undertake 

farming activities such as weeding, ploughing and harvesting on time compare to their 

counterparts and hence they are efficient. The result is in line with Sisay et al. (2015).  

In district Charsadda other socio economic variables such as age, experience, 

education, off farm income, farm to home distance and tenancy status of grower’s were 

found non-significant. The estimated value of 0.79 for γ suggest that 79 percent 

differences in sugarcane cost of production among growers is due to allocative 

inefficiency and the remaining 21% is due to random error. 
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Table 4.30  Ordinary least square (OLS) and maximum likelihood (ML) 

estimates for stochastic frontier cost function in District Charsadda 
Variables 

  

Parameter 

  

                             OLS                      MLE 

Coefficient T-ratio Coefficient T-ratio P-Value 

Constant α0 3.790 10.41 2.209 8.69 0.000 

Ln Y* α1 0.590 4.61 0.097 10.70 0.000 

Ln ρ1 α2 0.007 2.60 0.0023 2.85 0.012 

Ln ρ2 α3 0.587 10.66 0.294 10.70 0.000 

Ln ρ3 α4 0.163 8.33 0.217 8.20 0.000 

Ln ρ4 α5 0.367 12.10 0.338 6.97 0.000 

Ln ρ5 α6 0.005 0.25 0.083 3.02 0.000 

Ln ρ6 α7 0.078 5.13 0.084 9.76 0.000 

Ln ρ7 α8 0.174 7.58 0.224 7.97 0.000 

Ln ρ8 α9 0.002 0.11 0.029 1.22 0.260 

Ln ρ9 α10 0.029 2.37 0.017 1.51 0.174 

Allocative Inefficiency Model Estimates    

Constant 
0  

- - -6.81 -1.07 0.602 

Age (Year)  1 - - 0.032 0.22 0.709 

Experience (Year) 
2  

- - -0.764 -1.90 0.054 

Education (Year) 
3  

- - 0.012 0.04 0.894 

Family Size (No.) 
4  

- - -1.36 -3.67 0.000 

O.F.I (Dummy) 
5  

- - -0.15 -1.11 0.251 

F.H.D (Meter) 
6  

- - 0.008 1.08 0.305 

Tenancy (Dummy) 
7  

- - 0.86 0.53 0.761 

Extension contacts (No.) 
8  

- - -1.97 -2.03 0.013 

Variance Parameters 

Sigma V 
  0.019 

Sigma U 
  0.037 

Lambda λ 1.947 

Gamma Γ 0.79 

Log likelihood function 230.25 232.70 

 

Source: Researcher’s calculation from STATA 

Where Ln, Y* and  ρ1, ρ2………… ρ9  represents respectively natural log, observed 

yield , land rent and cost incurred on inputs labour, seed, tractor hours, irrigation, urea, 

DAP, FYM and pesticides. O.F.I = Off farm income, F.H.D = Farm to home distance 
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4.9.3 Allocative Efficiency Analysis of Sugarcane Growers in District D.I. Khan 

The estimated cost elasticities for explanatory variables given in table 4.31 were found 

positive and significant except DAP and FYM. The derived cost elasticities for 

sugarcane production, land rent, cost incurred on labour days, seed, tractor hours, 

irrigation, urea, DAP, FYM and pesticides were 0.045, 0.081, 0.261, 0.253, 0.516, 

0.059, 0.037, 0.02, 0.109 and 0.092 respectively.  These positive elasticities  indicate 

that one percent increase in observed sugarcane yield and prices of these mentioned 

inputs increase production cost by 0.045, 0.081, 0.261, 0.253, 0.516, 0.059, 0.037, 0.02, 

0.109 and 0.092 percent respectively.  

In allocative inefficiency model family size and tenancy status were found negatively 

and significantly correlated with allocative inefficiency of sample sugarcane growers in 

district D.I. Khan. It implies that tenants were more allocatively efficient than owner’s 

operators. According to world Bank, 2014 proper land tenure is consider necessary for 

improvement in productivity and economic growth. Gavian and Ehui (1999), Jacoby 

and Mansuri (2008) and Abdulai et al. (2011) reported that tenants under informal- rent 

contracts exhibits lower investment and productivity compare to owners. Current study 

finding regarding land tenure in district D.I. Khan is in line with Iqbal et al. (2001) and 

Anyaegbunam et al. (2010). They reported that tenants who pay rent use their resources 

more productivity and carefully. The estimated gamma parameter value 0.84 suggest 

that 84 percent variation in cost of production among sugarcane growers in district D.I. 

Khan was due to allocative inefficiency.  
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Table 4.31  Ordinary least square (OLS) and maximum likelihood (ML) 

estimates for stochastic frontier cost function in District D.I. Khan 
Variables 

  

Parameter 

  

OLS MLE 

Coefficient T-ratio Coefficient T-ratio P-Value 

Constant           α0 2.381 6.52 2.3 5.03 0.000 

Ln Y* α1 0.04 2.59 0.045 2.81 0.005 

Ln ρ1 α2 0.078 4.39 0.081 4.57 0.000 

Ln ρ2 α3 0.194 8.03 0.261 8.43 0.000 

Ln ρ3 α4 0.307 11.41 0.253 13.98 0.000 

Ln ρ4 α5 0.525 17.99 0.516 18.06 0.000 

Ln ρ5 α6 0.033 2.35 0.059 2.47 0.004 

Ln ρ6 α7 0.044 2.35 0.037 2.07 0.007 

Ln ρ7 α8 0.03 1.19 0.02 0.89 0.506 

Ln ρ8 α9 0.049 1.62 0.109 0.81 0.610 

Ln ρ9 α10 0.096 4.12 0.092 4.16 0.000 

 Allocative Inefficiency Model Estimates   

Constant 
0  

- - -4.18 -3.77 0.000 

Age (Year)  1 - - -0.004 -0.24 0.721 

Experience (Year) 
2  

- - 0.032 0.52 0.431 

Education (Year) 
3  

- - -0.08 -0.94 0.363 

Family Size (Year) 
4  

- - -0.185 -2.00 0.003 

O.F.I (Dummy) 
5  

- - 0.747 1.25 0.063 

F.H.D (Meter) 
6  

- - 1.71 0.85 0.409 

Tenancy (Dummy) 
7  

- - -1.27 -2.64 0.003 

Extension contacts (No.) 
8  

- - -0.121 -0.77 0.487 

Sigma V 
  

0.026 

Sigma U 
  0.061 

Lambda Λ 2.34 

Gamma Γ 0.84 

Log likelihood function  157.58 163.28 

 

Source: Researcher’s calculation from STATA 

Where Ln, Y* and  ρ1, ρ2………… ρ9  represents natural log, observed yield , land rent 

and cost incurred on inputs labour, seed, tractor hours, irrigation, urea, DAP, FYM and 

pesticides. O.F.I = Off farm income, F.H.D = Farm to home distance 
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4.9.4 Allocative Efficiency of Sugarcane Production in Study Area. 

The estimated allocative efficiencies of individual growers of sugarcane have been 

presented in table 4.32, which were calculated by using the formula given in equation 

3.18. Allocative efficiency ranges from zero to one. First column of table 4.32 shows 

allocative efficiency level, second column presents frequency distribution of growers 

according to  allocative efficiency level given in column 1, while in column 3, 4 and 5th 

frequency distribution of growers in district Mardan, Charsadda and D.I. Khan has been 

summarized. The summary statistics related to the allocative efficiency was 

summarized using average, minimum and maximum in the same table.   

The average predicated allocative efficiency in study area was found 0.57 with range 

from minimum 0.20 to maximum 0.91. The presence of allocative inefficiency 

indicates that average growers can reduce 37% [(1 - 
91.0

57.0 )] i.e Rs.30, 587/- per acre 

of their cost in order to achieve the allocatively efficiency level of most efficient fellow 

grower’s without decrease in output level. In study area the lowest per acre cost of 

production was Rs.51, 000/- while the overall average cost was noted Rs.83, 473/. 

Among districts mean allocative efficiency is highest in Charsadda (0.63) followed by 

district Mardan (0.60) and D.I. Khan (0.44). Minimum and maximum range noted was 

0.36-0.90, 0.20-0.91 and 0.25-0.68 respectively in district Charsadda, Mardan and D.I. 

Khan. The results suggest that average growers can reduce their cost by 30, 34 and 35 

% respectively in order to achieve maximum allocative efficiency level of most 

efficient fellow farmer’s. The result implies that growers face allocative inefficiency 

problems. According to results summarized in table 4.31 most of the growers (27.06%) 

lie between 0.50-0.60 followed by 20.46% in 0.40-0.50, 16.83% in 0.60-0.70, 15.51% 

in 0.70-0.80 and 6.93% in 0.80-0.90. In study area only 0.99% growers operating above 

90 percent allocative efficiency level. 

In district Mardan and Charsadda majority (29.63 & 26.27 %) of growers were found in 

the range 0.50-0.60. similarly only two growers in district Mardan and one in district 

Charsadda were found above 90 % allocative efficiency level. The results suggest that 

sever allocative inefficiency problem exists among majority of sugarcane farms. In 

district DI Khan 38.16 % growers lie between 0.40-0.50 followed by 26.32% in 0.30-

0.40, 25.00% in0.50-0.60 and only 6.58% in 0.60-0.70 % respectively. In district D.I. 

Khan all the growers were found below 70 percent allocaive efficiency level. This 
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implies that compare to district Mardan and Charsada allocative inefficiency is more 

severe in D.I. Khan thus the growers need to reconsider their resources allocation. 

The mean levels (0.57, 0.60, 0.63 and 0.44) of allocative efficiency for sugarcane 

growers given in table 4.31 are in line with study of Londiwe et al. (2014). He found 

61.5% mean allocative efficiency level for sugarcane crop in South Africa. Similarly 

Rangalal and B, Sen. (2013) found 0.23% allocative efficiency level for sugarcane crop 

in India.  Hussan (1995) reported 42.5 % allocative efficiency level for wheat crop in 

Pakistan.  

Table 4.32 Frequency distribution of allocative efficiency of sample 

respondents in study area 
Allocative 

Efficiency 

Level 

Overall 

Pooled Data 

(No.) 
%age 

Districts 

Mardan 

(No.) 

%age Charsadda 

(No.) 

%age D.I. Khan 

(No.)      

%age 

0-0.20 0 0 0.00 0 0.00 0 0.00 0 

0.20-0.30 7 2.31 4.00 3.70 0.00 0 3.00 3.95 

0.30-.40 30 9.90 8.00 7.41 2.00 1.69 20.00 26.32 

0.40-.50 62 20.46 9.00 8.33 23.00 19.49 29.00 38.16 

0.50-0.60 82 27.06 32.00 29.63 31.00 26.27 19.00 25.00 

0.60-0.70 51 16.83 27.00 25.00 19.00 16.10 5.00 6.58 

0.70-0.80 47 15.51 23.00 21.30 24.00 20.34 0.00 0.00 

0.80-0.90 21 6.93 3.00 2.78 18.00 15.25 0.00 0.00 

>.90 3 0.99 2.00 1.85 1.00 0.85 0.00 0.00 

Mean 0.57 0.60 0.63 0.44 

Min 0.20 0.20 0.36 0.25 

Max 0.91 0.91 0.90 0.68 

Source: Study results. 

 

Figure 5. Frequency distribution of allocative efficiency of sample 

respondents 
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4.10 Frequency Distribution of Economic Efficiency Estimates and Summary 

Statistics for Sugarcane Growers in Study Area 

The estimated economic efficiencies of individual sugarcane growers are presented in 

table 4.33, 4.34 and 4.35 while frequency distribution of economic efficiency levels is 

given in table 4.32. The combine effect of both technical and allocative factors shows 

that overall average economic efficiency level was 0.41 ranging from minimum 0.14 to 

maximum 0.64. Mean overall economic efficiency level of 0.40 in study area indicates 

that there is still room to improve economic efficiency of average sugarcane growers by 

[(1- 64.041.0 )] 35% with existing inputs and expenditure level to achieve economic 

efficiency (0.64) level of its most efficient fellow grower. Similarly, the least efficient 

farmers (0.14) could gain economic efficiency of [(1- 64.014.0 )] 78% to reach the 

level of most efficient fellow grower. Mean highest economic efficiency level (0.49) 

was found in district Mardan which varied from minimum 0.19 to maximum 0.64 

followed by district Charsadda (0.40, 0.22-0.58) and D.I. Khan (0.28, 0.14-0.41) 

respectively. District wise mean economic efficiency level indicates that none of the 

respondents had economic efficiency of 100%. Respectively average growers could 

gain economic efficiency of 23, 31.1 and 31.2% to reach the level of efficient fellow 

grower in district Mardan, Charsadda and D.I. Khan. Overall and district wise levels of 

economic efficiency for sugarcane growers in study area were found less than 

Nyanjong and Lagat (2012) and Thabethe, (2013) for sugarcane growers (58% and 

53.6%) in Kenya and South Africa respectively. Similarly, F. R. Marine et al (2008) 

reported economic efficiency of sugarcane growers between 0.387 and 0.433 for 

traditional sugarcane plantation areas in Brazil during period 1995-96 to 2002-03. 

It is evident from table 4.32 that in district Mardan majority of the sample respondents 

falls within range of 0.40 to 0.60 while in districts Charsadda and D.I. Khan majority of 

sample respondent’s fall within range of 0.20 to 0.50. Only 5.5% farms were noted 

have economic efficiency between 0.60-0.70. The results illustrate sever economic 

efficiency problems among majority of sugarcane growers in study area. The results 

discussed above revealed that in general sugarcane growers were not successful in 

employing best-practices with cost effective methods.   
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Table 4.33 Frequency distribution of economic efficiency of sample 

respondents in study area 

Economic 

Efficiency 

Level 

Pooled 

Data 

% 

Districts 

Mardan % Charsadda % D.I. Khan % 

00-0.10 0 0.00 0 0.00 0 0.00 0 0.00 

0.10-0.20 10 3.30 1 0.92 0 0.00 9 11.84 

0.20-0.30 58 19.14 4 3.67 23 19.49 31 40.79 

0.30-0.40 79 26.07 8 7.34 37 31.36 34 44.74 

0.40-0.50 68 22.44 30 27.52 36 30.51 2 2.63 

0.50-0.60 82 27.06 60 55.05 22 18.64 0 0.00 

0.60-0.70 6 1.98 6 5.50 0 0.00 0 0.00 

0.70-0.80 0 0.00 0 0.00 0 0.00 0 0.00 

0.80-0.90 0 0.00 0 0.00 0 0.00 0 0.00 

>.90 0 0.00 0 0.00 0 0.00 0 0.00 

Mean 0.41 0.49 0.40 0.28 

Min 0.14 0.19 0.22 0.14 

Max 0.64 0.64 0.58 0.41 

Source: Study results. 

 

 

Figure 6. Frequency distribution of economic efficiency of sample 

respondents 
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Table 4.34  Economic efficiencies of sample sugarcane growers in District 

Mardan 
Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

1 0.560 31 0.557 61 0.494 91 0.438 

2 0.554 32 0.553 62 0.513 92 0.295 

3 0.553 33 0.475 63 0.487 93 0.351 

4 0.544 34 0.536 64 0.406 94 0.332 

5 0.557 35 0.577 65 0.462 95 0.307 

6 0.503 36 0.501 66 0.464 96 0.259 

7 0.559 37 0.560 67 0.405 97 0.350 

8 0.575 38 0.459 68 0.521 98 0.206 

9 0.568 39 0.461 69 0.644 99 0.351 

10 0.504 40 0.451 70 0.507 100 0.256 

11 0.591 41 0.535 71 0.629 101 0.197 

12 0.527 42 0.621 72 0.521 102 0.512 

13 0.528 43 0.469 73 0.624 103 0.466 

14 0.530 44 0.565 74 0.345 104 0.478 

15 0.556 45 0.541 75 0.417 105 0.535 

16 0.556 46 0.554 76 0.525 106 0.486 

17 0.552 47 0.485 77 0.548 107 0.546 

18 0.630 48 0.535 78 0.573 108 0.429 

19 0.597 49 0.468 79 0.563 109 0.539 

20 0.525 50 0.391 80 0.471     

21 0.528 51 0.444 81 0.522     

22 0.607 52 0.408 82 0.544     

23 0.508 53 0.412 83 0.544     

24 0.475 54 0.501 84 0.316     

25 0.552 55 0.522 85 0.478     

26 0.576 56 0.507 86 0.531     

27 0.574 57 0.472 87 0.506     

28 0.521 58 0.462 88 0.456     

29 0.569 59 0.563 89 0.524     

30 0.546 60 0.488 90 0.415     

 

 



102 

Table 4.35  Economic efficiencies of sample sugarcane growers in District 

Charsadda 
Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

1 0.478 31 0.466 61 0.360 91 0.259 

2 0.540 32 0.429 62 0.491 92 0.282 

3 0.475 33 0.442 63 0.483 93 0.230 

4 0.524 34 0.460 64 0.356 94 0.416 

5 0.518 35 0.498 65 0.506 95 0.401 

6 0.521 36 0.463 66 0.453 96 0.400 

7 0.518 37 0.371 67 0.502 97 0.414 

8 0.551 38 0.444 68 0.344 98 0.361 

9 0.482 39 0.481 69 0.346 99 0.294 

10 0.475 40 0.386 70 0.353 100 0.358 

11 0.504 41 0.276 71 0.371 101 0.389 

12 0.511 42 0.290 72 0.424 102 0.360 

13 0.510 43 0.277 73 0.431 103 0.343 

14 0.508 44 0.310 74 0.439 104 0.375 

15 0.526 45 0.321 75 0.538 105 0.385 

16 0.447 46 0.312 76 0.443 106 0.346 

17 0.476 47 0.403 77 0.275 107 0.322 

18 0.520 48 0.386 78 0.270 108 0.342 

19 0.554 49 0.393 79 0.379 109 0.286 

20 0.523 50 0.338 80 0.368 110 0.263 

21 0.478 51 0.383 81 0.227 111 0.275 

22 0.500 52 0.329 82 0.280 112 0.304 

23 0.527 53 0.321 83 0.273 113 0.298 

24 0.514 54 0.371 84 0.233 114 0.319 

25 0.468 55 0.344 85 0.272 115 0.286 

26 0.530 56 0.382 86 0.243 116 0.299 

27 0.474 57 0.399 87 0.453 117 0.330 

28 0.534 58 0.394 88 0.582 118 0.272 

29 0.473 59 0.434 89 0.465     

30 0.472 60 0.500 90 0.295     
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Table 4.36  Economic efficiencies of sample sugarcane growers in district D.I. 

Khan 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

Farmer's 

Number 

Economic 

Efficiency 

1 0.272 31 0.235 61 0.148 

2 0.310 32 0.340 62 0.198 

3 0.272 33 0.333 63 0.168 

4 0.359 34 0.315 64 0.161 

5 0.372 35 0.314 65 0.175 

6 0.274 36 0.249 66 0.171 

7 0.291 37 0.277 67 0.272 

8 0.337 38 0.305 68 0.232 

9 0.406 39 0.275 69 0.331 

10 0.389 40 0.336 70 0.222 

11 0.412 41 0.294 71 0.310 

12 0.348 42 0.369 72 0.230 

13 0.327 43 0.274 73 0.167 

14 0.284 44 0.322 74 0.227 

15 0.309 45 0.216 75 0.285 

16 0.274 46 0.252 76 0.233 

17 0.319 47 0.392     

18 0.333 48 0.313     

19 0.326 49 0.307     

20 0.362 50 0.346     

21 0.350 51 0.292     

22 0.298 52 0.338     

23 0.323 53 0.276     

24 0.302 54 0.325     

25 0.276 55 0.308     

26 0.262 56 0.264     

27 0.322 57 0.324     

28 0.241 58 0.258     

29 0.237 59 0.216     

30 0.289 60 0.190     
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V. SUMMARY, CONCLUSION AND RECOMMENDATIONS 

This chapter is divided into four sections. Summary of the study has been elaborated in 

first section. The second section presents conclusion of the study. Suggestions are given 

in third section, while limitations of current study and future research areas are 

discussed in last section. 

5.1 Summary 

Agricultural sector is considered the bedrock of Pakistan economy in terms of its 

contribution in GDP, export earning, labour force absorption and supply of raw 

materials for industrial units. However, its productivity was not sustain to meet the 

dietary requirements of the growing population. Because of various limitations faced by 

farming community, per unit yield in Pakistan has been graded in the lower to middle 

ranged economics of the world. At national level due to rapid population growth per 

capita land and water availability is squeezing with the passage of time, therefore 

sustainable growth rate in agricultural sector is utmost necessary to ensure food security 

and overall national development. 

Sugarcane is a major cash crop that serves as a building block for sugar industry in 

Pakistan. At national level about 8.76 million farmers are involved in sugarcane 

production along with employment of 100,000 people in sugar industry. It was grown 

on an area of 1.14 million hectares with production of 62.65 million tonnes during 

2014-15. Sugarcane national yield level (50 tonns/hectare) was noted low compare to 

international level (70 tonnes/hectare), however, sugar consumption (25.83 kg per 

capita) during the year 2004-05 was highest in Pakistan compare to other South Asian 

countries.  

The present study was designed to calculate per acre gross revenue, total cost and net 

return along with technical, allocative and economic efficiency of sugarcane production 

in three major sugarcane growing districts (Mardan, Charsadda and D.I. Khan) of 

Khyber Pakhtunkhwa. Determinants of technical, allocative and economic efficiency 

were also investigated. Primary data on sugarcane production, inputs and its cost was 

collected for crop year 2014-15 from 303 respondents. Out of total 303 respondents, 

109 sugarcane growers were interviewed in district Mardan, 118 in Chardada and 76 in 
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D.I. Khan through proportional allocation technique.  Stochastic frontier function 

approach was used to estimate technical, allocative and economic efficiency scores of 

sugarcane farms in study area. In order to identify inefficiency sources the technical 

and allocative inefficiency score was regressed separately on socio-economic 

characteristics of sugarcane growers that were considered for this study. Cobb-Douglas 

type stochastic frontier production function was estimated by OLS and MLE 

techniques.   

District wise profile of study area shows that district Mardan occupy 1632 km2 area 

with population of 2.36 million. Its major crops are tobacco, sugarcane, wheat, rice and 

maize. It share 28.52 % area and 29.78% production in overall provincial area under 

sugarcane crop and its production. Main sources of irrigation are canals, tube wells and 

lift irrigation system. District Charsadda is the second district of study area that 

occupies 996 km2 areas with 1.02 million populations. 86% of its area is irrigated. Its 

major crops are sugarcane, sugar beet, maize, tobacco along with orchards and 

vegetables. It shares 32.41% and 31.49% in overall provincial sugarcane area and 

production respectively. Third district included in study area was D.I. Khan that is the 

southernmost district of Khyber Pakhtunkhwa. District D.I. Khan has the characteristics 

of extremely unequal land distribution, low land utilization and high tenancy ratio. 

Sugarcane is considered a major crop along with cotton, rice wheat and maize. In study 

area land use intensity was found high in district Mardan (95%) followed by Charsadda 

(92%) and D.I. Khan (42%).  

In study area respondent’s average age, education and farming experience was noted 

38.38, 4.96 and 12.78 years with standard deviation of 11.87, 3.77 and 7.02 

respectively. Majority (45.21%) of respondents were found in age group of 31 to 45 

years.  Average family size and extension contacts were arrived at 10.26 and 7.14 with 

standard deviation of 3.18 and 2.80 respectively. In study area average farm to home 

distance was 623.14 meters with standard deviation of 263.85 meters. 60.40 percent 

respondents lied within the distance of one kilometer (500-1000 meter). In study area 

52 % respondents were found involved in off-farm activities with almost 50 % standard 

deviation. Out of total 303 respondents 36.63 % were found tenants while 42.24 % and 

21.12 % were owners and owner-cum tenants respectively. 
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Profitability of sugarcane growers was estimated district wise as well as combines. Per 

acre overall average yield was noted 24,420.73 kg with total cost of production Rs.83, 

473/- . Results of the study also revealed that per acre average cost was high in district 

D.I. Khan (Rs. 80,397.43) followed by district Mardan (Rs.77, 771) and Charsadda 

(Rs.77, 083). Among inputs labour days, seed and tractor hours applied for various 

field operations were found major constituents of total cost of production, its share was 

more than 50% in overall per acre cost of production. Per acre average labor days 

employed were high in district Mardan (57.90) followed by D.I. Khan (46.98) and 

Charsadda (44.02). Results indicate that per acre average seed quantity used was high 

in D.I. Khan (3267.37 Kg) followed by district Charsada (2471.86 Kg) and Mardan 

(1739.06 Kg). Other results predict that per acre average tractor hours were 23.92, 

20.74 and 18.36 respectively in district D.I. Khan, Charsadda and Mardan while overall 

it arrives at 20.68.   According to summarized results overall per acre gross revenue 

arrived at Rs. 122103.65. Among districts per acre gross revenue was highest in district 

Mardan (Rs. 1, 26,950.45/-) followed by district Charsada (Rs. 1, 22, 833.90/-) and D.I. 

Khan (Rs. 1, 13, 571.05/-).  Net revenue was calculated by subtracting per acre total 

cost from gross revenue. Per acre net revenue from sugarcane production was found 

high in district Mardan (Rs.49, 179.45/-) followed by district Charsadda (Rs. 

45,750.90/-) and D.I. Khan (Rs. 33,173.65/-).  Overall per acre net revenue was found    

Rs.38, 630/-.     

According to result of stochastic production function and technical inefficiency model 

in overall data the derived production elasticity for seed was higher (0.138) compare to 

other explanatory variables i.e. labor (0.092), irrigation (0.085), urea (0.079), land 

(0.022), FYM (0.025), DAP (0.02) and pesticides (0.005). All inputs had positive and 

significant elasticities except DAP, FYM and pesticides that are positive but 

statistically non-significant. Primary reason for non-significance was low than 

recommended level of application. Growers specific socio-economic characteristics 

were included in the model to ascertain factors affecting technical efficiency of 

sugarcane production. The effect of grower’s age, farming experience and off-farm 

income had found significant and negatively related to technical inefficiency. Years of 

schooling was found positive and significantly correlated with technical inefficiency. 

While, the coefficient of family size, farm to home distance, extension contacts were 

negative but non-significant. Similarly tenure status was positive but non-significant. 
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The gamma parameter arrived at 0.61, which illustrate that 61 variations in overall 

production were due to technical inefficiency. 

Stochastic frontier production function and technical inefficiency model for district 

Mardan show that all inputs had positive and significant elasticities except land 

variable, FYM and pesticides, which are positive but non-significant. The estimated 

production elasticity for seed was found high (0.133) followed by labor days (0.121), 

irrigation (0.091), DAP (0.057), urea (0.022), tractor hours (0.011), FYM (0.047), 

pesticides (0.020) and land (0.012) respectively. In inefficiency model growers specific 

to sugarcane experience and contacts with extension workers were found significant 

and negatively correlated with technical inefficiency. The other socio-economic 

variables (age, education, family size, off-farm income, farm to home distance and 

tenure status) have mix signs but non-significant. In district Mardan gamma parameter 

arrived at 0.59 which mean that 59% variability in sugarcane production among grower 

is due to technical inefficiency. 

Estimated production elasticities for all variables in district Charsadda were found 

positive and significant except DAP and pesticides which were found non-significant. 

Primary reason for non-significance was lower quantity of application. Derived 

production elasticity for irrigation variable was high (0.156) followed by labour days 

(0.121) and tractor hours (0.111). These variables were found important in term of its 

contribution toward sugarcane yield. In technical inefficiency model the effect of 

experience, education and extension contacts was found negative and statistically 

significant at 5 % level. The signs of coefficients of age, off-farm income and farm to 

home distance were found positive and significant, which show that with increase in 

grower age, off-farm income and farm to home distance technical inefficiency increase. 

Coefficient for family size was positive but non-significant. Results predict that 69 

percent variation in sugarcane yield among growers is due to technical inefficiency.  

Derived production elasticity for seed was higher (0.171) in district D.I. Khan followed 

by labour days (0.132), land (0.13), irrigation (0.088), urea (0.075), pesticides (0.073), 

FYM (0.028) and DAP (0.014). However, production elasticities for land, DAP and 

FYM were found statistically non-significant at 5% level. Findings of the study showed 

that the effect of age and off-farm income was significant and negatively correlated 

with inefficiency. Mix signs were noted for the remaining variables, but its effect was 
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non-significant except education with positive signs. The estimated gamma parameter 

for district D.I. Khan was noted 0.82 which means that 82% variation in sugarcane 

production was due to technical inefficiency. 

Empirical findings of stochastic frontier cost functions for combine as well separate 

district wise data show that sugarcane yield, labor days, seed, tractor hours, irrigation 

and urea are important constituents in total cost of production. While DAP, FYM and 

pesticides are positive but non-significant. In inefficiency model education and 

extension contacts were found significant factors that effect allocative inefficiency 

negatively in combine data. In district Mardan growers experience and off farm income 

show negative and significant correlation with allocative inefficiency. Family size, 

extension contacts along with tenure status were noted significant contributors to 

allocative efficiency in districts Charsadda and D.I. Khan. Mix and non-significant 

results were noted for other socio-economic variables. The estimated gamma 

parameters arrived at 0.62, 0.72, 0.79 and 0.84 for combine data and district Mardan, 

Charsadda and D.I. Khan respectively. Gamma value points out allocative inefficiency 

problem in study area. 

In study area mean technical efficiency varied from 0.53 to 0.98 with mean value of 

0.70, which means that per acre sugarcane yield, could be increased with existing 

inputs level. The estimated technical efficiency score was found high in district Mardan 

(0.83) followed by district Charsadda (0.78) and D.I. Khan (0.63). In district Mardan 

majority of the farmers were found in the range of 0.80 to 0.90, while in Charsada and 

D.I. Khan most of respondents lies between 0.50-0.70 technical efficiency level.   

According to empirical results average allocative efficiency of sample respondents was 

noted 0.57 with range from minimum 0.20 to maximum 0.91. Mean allocative 

efficiency level was found high for district Charsadda (0.63) followed by district 

Mardan (0.60) and D.I. Khan (0.44). Empirical results showed that there is scope to 

reduce cost and increase productivity. The study shows that technical and allocative 

efficiency scores and factors influencing the sugarcane productivity are different among 

the districts.  

Mean economic efficiency of 041, 0.49, 0.40 and 0.28 noted for overall combine data 

and for district Mardan, Charsadda and D.I. Khan respectively showed that sugarcane 
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growers are not efficient in production as well as in resource allocation. In study area 

none of the respondents has achieved above 60 % of economic efficiency level, 

therefore, for enhancing economic efficiency level both technical as well as allocative 

efficiency appears to be consider important. 

5.2 Conclusion 

In current research study measures of technical, allocative and economic efficiency 

along with calculation of net return for 303 sugarcane growers were worked out. 

Primary data was collected in three districts (Mardan, Charsadda and D.I. Khan) of 

Khyber Pakhtunkhwa. Cobb-Douglas production and cost frontiers were estimated 

through ordinary least square (OLS) and maximum likelihood estimation (MLE) 

techniques by computer software STATA. The average technical, allocative and 

economic efficiency of sample farms in study area was estimated at 0.70, 0.57 and 0.41 

respectively. Separate district wise analysis show that mean technical efficiency was 

found high in Mardan (0.83) followed by district Charsadda (0.78) and D.I. Khan 

(0.63). Allocatively sugarcane growers were found efficient in district Charsadda (0.63) 

compare to Mardan (0.60) and DI Khan (0.44). Mean economic efficiency was noted 

high in district Mardan (0.49) followed by district Charsadda (0.40) and D.I. Khan 

(0.28). Per acre average yield, total cost, gross revenue and net return were noted as 

24420.73 kg, Rs. 83473, Rs. 122103.65 and Rs.38630.65 respectively. District wise net 

revenue was noted high for district Mardan (Rs. 49179.45) followed by Charsadda (Rs. 

45750.90) and D.I. Khan (Rs.33173.65) respectively. It was revealed that input cost of 

sugarcane i.e. land rent, seed, tractor hours and labour days  were the important factors 

which influence the net return. In study area based on data analysis, average grower’s 

with existing resource base, can increse his yield by 28% (6837.8 kg acre-1) to reach the 

efficient fellow grower. Similarly, cost can by reduced upto 37 % (Rs. 30,587/-) 

without any reduction in yield level. An important conclusion stemming from data 

analysis is that focus on both technical as well as allocative efficiency appears to be 

more important for gains in economic efficiency. 

Results of the study showed that grower’s age, experience and off-farm income had 

negative impact on technical inefficiency of sample respondents in overall study area. 

However, in districts, correlation between socio-economic characteristcs and technical 

inefficiency was found mix. In allocative inefficiency model schooling years and 
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contacts with extension workers exhabits negative relationship with allocative 

inefficiency in overall study area. In district Mardan grower’s experience and off-farm 

income were found negatively correlated with allocative inefficiency.  Similarly, 

household family size, extension contacts along with tenure status showed negative 

correlation with allocateive inefficiency in districts Charsadda and D.I. Khan 

respectively. 

5.3 Recommendations 

In developing countries of the world including Pakistan, policies related to agricultural 

sector has been based on quantitative analysis of agricultural production system. 

According to Hussain (2004) quantitative analysis such as productivity and input use 

efficiency and response of farming community to variation in inputs and outputs prices 

has been carrying out since long. Such kinds of studies help to give a clear picture and 

overview of agricultural sector for policy purpose.  

Based on study results following recommendations were put forward to improve the 

economic efficiency of sugarcane production in study area: 

• At was noted that seed, labor days, tractor hours, urea and irrigation has 

significant role in sugarcane production. Therefore, farmers need to be educated 

to follow the recommended level of these production inputs in order to increase 

per unit yield. 

• At is evident from results that grower’s specific to sugarcane experience,  off-

farm income and extension contacts has negative and significant relationship 

with technical as well as allocative  inefficiency, therefore policies should be 

designed to keep experienced growers involved in sugarcane production. The 

policy of attractive output pricing and timely payment could help farmers to buy 

inputs and carry out farm related activities efficiently. Similarly, the extension 

contacts need to be increased to one contact per month at least. 

• Traditional practices were found dominant across the study area, thus the role of 

extension field staff becomes more important to convince growers for 

recommended inputs level and new practices because of their access to gross 

root level. 
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• Accurate data provide base for sound policies but during survey it was noted 

that growers generally do not keep records for various farm activities. In long 

run, in order to overcome this problem there is need to promote formal 

education while in short run informal education could be effective.     

5.4 Limitations  

• In study area it was observed that most of the farmers do not keep records of the 

inputs used and output obtained. Thus, accuracy of data depends on 

respondent’s ability to recall past information and answer accurately.   

• Survey data was collected only in three districts of Khyber Pakhtunkhwa out of 

twenty five due to time and financial constraint. As a result, this study relies on 

a small data set only 303 respondents, therefore, potential problem related to 

sample selection and representations will be associated.  

• In current study only one crop was considered, it may possible that farmers are 

growing multiple crops and making decisions in context of the whole cropping 

system, which was not considered here.  

• Factors such as risk and uncertainty due to market imperfection, lack of 

information about input prices, supply of inputs and cash constraints might 

affecting efficiency level but these factors were not considered in current study.  

5.6 Future Research Needs 

• Additional methodological and empirical efforts are needed to improve 

understanding regarding determinants of the various efficiency indicators. 

• Scientific sampling techniques to generate data on whole cropping system and 

application of multi-output stochastic frontier models will provide useful 

information for policy makers and other stakeholders. 

• Causes of repaid increase in inputs prices and comparatively stagnant output 

prices especially in major crops along with proper assessment for possible 

potential need to be explored. 
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• Current study was based on cross sectional data which do not give any 

indication of the year to year variability in farm efficiency and productivity, in 

future for proper planning the analysis need to be extended to panel data. 

• Because of heterogeneity in term of respondents socio-economic characteristics, 

specific districts wise information are needed to advise the farming community 

for improvement in productivity and efficiency of sugarcane production.  
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APPENDICES 

 

Appendix–I. World sugarcane production and top ten major sugarcane producing 

countries of the world 

S.No Country Production (million tonnes) 

00 World 1905.00 

01 Brazil 768.09 

02 India 341.20 

03 China 128.20 

04 Thailand 100.10 

05 Pakistan 63.75 

06 Mexico 61.18 

07 Colombia 34.88 

08 Philippines 31.87 

09 Indonesia 28.40 

10 USA 27.91 

       Source:  FAO, 2013 Statistics Division 

 

Appendix-II. Agricultural sector and main crops growth (Base Year 2005-06) 

Year Growth rate overall agriculture 

sector (%) 

Growth rate of main crops 

(%) 

2009-10 0.23 -3.74 

2010-11 1.96 1.50 

2011-12 3.62 7.87 

2012-13 2.68 0.17 

2013-14 2.50 7.22 

2014-15 2.53 -0.52 

2015-16(P) -0.19  -7.18 

      Source: Pakistan Bureau of Statistics, 2015-16  
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Appendix-III.  Pakistan sugar import and exports status form 1998-99 to 2013-14 

Year import Qty 

tons 

Import 

value (Rs. 

million) 

Export 

Qty tons 

Export 

Value (Rs. 

million) 

Net Import 

tons 

Net 

import  

Value 

1998-99 10097 152.591 906602 11549.17 -896505 -11396.6 

1999-00 66627 769.179 0 0 66627 769.179 

2000-01 930142 14488.243 0 0 930142 14488.24 

2001-02 85037 1472.326 0 0 85037 1472.326 

2002-03 8315 152.746 45669 627.949 -37354 -475.203 

2003-04 11398 188.509 116175 1589.21 -104777 -1400.7 

2004-05 266707 5288.976 54771 1028.71 211936 4260.266 

2005-06 1527322 37365.929 61047 1590.555 1466275 35775.37 

2006-07 586543 15721.704 12 0.33 586531 15721.37 

2007-08 36692 912.073 260840 5738.856 -224148 -4826.78 

2008-09 125743 4505.407 23980 639.677 101763 3865.73 

2009-10 370000 18811 0 0 370000 18811 

2010-11 1031919 58669.007 0 0 1031919 58669.01 

2011-12 17221 1166.826 48672 2575.403 -31451 -1408.58 

2012-13 7308 500.644 1064215 51692.066 -1056907 -51191.4 

Average 338738.0667 10677.6773 172132.2 5135.46173 166605.8667 5542.216 

Source: PSMA, Annual Report 2013-2014 
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Appendix-IV. Area under sugarcane crop (Million hectares) 

S.No Year Area 

1 2000-01 0.96 

2 2001-02 1.00 

3 2002-03 1.10 

4 2003-04 1.07 

5 2004-05 0.97 

6 2005-06 0.91 

7 2006-07 1.03 

8 2007-08 1.05 

9 2008-09 1.24 

10 2009-10 0.94 

11 2010-11 0.99 

12 2011-12 1.06 

13 2012-13 1.13 

14 2013-14 1.17 

15 2014-15 1.14 

16 2015-16 1.13 

Source: Pakistan Bureau of Statistics 

Appendix-V.  Sugarcane yield comparison among provinces of Pakistan 

(Tonnes/Hectare) 

Year Punjab Sindh Khyber Pakhtunkhwa  

1998-99 42.78 62.96 45.68 

1999-00 37.20 51.27 46.10 

2000-01 43.48 50.42 45.28 

2001-02 48.40 47.37 47.40 

2002-03 45.12 53.27 48.08 

2003-04 49.00 56.00 45.00 

2004-05 45.47 43.52 45.43 

2005-06 46.30 61.40 41.60 

2006-07 53.00 58.00 47.00 

2007-08 48.73 60.86 45.73 

2008-09 48.50 50.00 44.90 

2009-10 51.60 57.70 44.70 

2010-11 55.75 60.43 45.59 

2011-12 56.34 59.00 45.82 

2012-13 56.00 63.00 44.70 

2013-14 54.00 59.00 45.00 

Source: Pakistan Sugar Mills Association, Annual Report, 2013-14 
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Appendix-VI. Area, production and yield of sugarcane in Pakistan from 1990-91 

to 2014-15 

Year 

Area (000) 

hectare Production (000) Yield/hec (tonnes) 

1990-91 884 35,989 40.72 

1991-92 880 34,204 38.9 

1992-93 885 38,059 43.02 

1993-94 963 44,427 46.14 

1994-95 1,009 47,168 46.75 

1995-96 963 45,230 47 

1996-97 965 41,998 43.54 

1997-98 1,056 53,104 50.28 

1998-99 1,155 55,191 47.78 

1999-00 1,010 42,000 41.59 

2000-01 960 43,620 45.41 

2001-02 1,000 48,041 48.06 

2002-03 1,100 52,049 47.33 

2003-04 1,075 53,800 50 

2004-05 967 43,533 45.04 

2005-06 907 44,292 48.8 

2006-07 1,029 54,871 53 

2007-08 1,241 63,920 51.49 

2008-09 1,029 50,045 48.6 

2009-10 943 49,373 52.36 

2010-11 988 55,442 56.13 

2011-12 1,047 58,038 55.48 

2012-13 1,128 63,719 56.5 

2013-14 1,173 67,460 57.511 

2014-15 1,141 62,652 54.91 

Source: PSMA, Annual Report  2013-2014 and GOP, 2014-15 
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Appendix –VII. Cultivable land statistics of Pakistan  (Million hectares) 

S.No Year Area 

1 2000-01 22.13 

2 2001-02 22.27 

3 2002-03 22.21 

4 2003-04 22.12 

5 2004-05 22.13 

6 2005-06 22.11 

7 2006-07 21.87 

8 2007-08 21.17 

9 2008-09 21.38 

10 2009-10 21.40 

11 2010-11 22.03 

12 2011-12 22.03 

13 2012-13 22.26 

14 2013-14 22.08 

15 2014-15 22.10 

16 2015-16 22.10 

Source: Pakistan Bureau of Statistics 

 

Appendix-VIII.  Actual Surface Water Availability (Both Rabi & Kharif) 

Period Water availability 

(Million Acre Feet) 

% Increase /Decrease 

Average System Usage 103.5 - 

2007-08 98.7 -4.6 

2008-09 91.8 -11.3 

2009-10 92.3 -10.8 

2010-11 88.0 -15.0 

2011-12 89.8 -13.2 

2012-13 89.6 -13.4 

2013-14 98.0 -5.3 

2014-15 102.4 -1.1 

2015-16 98.4 -4.9 

Source: Indus River System Authority (2015-2016) 
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Appendix-IX.   Model Validation Tests 

1. Normality Test 

Normality tests are carried out to ensure normal distribution of error term. Visual 

methods as well as various test has been suggested to test normality of data. It is 

preferable that normality be assessed both visually and through normality tests. 

According to central limit theorem large sample (> 40) the sampling distribution tends 

to be normal regardless of the shape of the data.  

For current study in visual methods frequency distribution method was applied. In 

frequency distribution method observed values are plot against their frequency which 

provide a visual judgment about whether the distribution is bell shaped and also an 

insight about gaps and outliers in the data. 

Histogram of residual 

 

According to visual method data seen normal. 
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Skewness Kurtosis test and Shapiro-Wilk test were tried supplementary to the graphical 

assessment of normality. Lack of symmetry (skewness) and pointiness (kurtosis) are 

two main ways in which a distribution can deviate from normal. Shapiro-Wilk test is 

based on the correlation between the data and the corresponding normal scores. Some 

researchers recommend this test as the best choice  for testing the normality of data. 

 

1. Shapiro-Wilk test 

swilk (myresiducl) 

                   Shapiro-Wilk W test for normal data 

    Variable |    Obs        W            V          z                       Prob>z 

-------------+-------------------------------------------------------------------------------------- 

  myresiducl |    303     0.99533       1.004     0.010     0.49595 

 

Decision:  As calculated P –value (0.495) is greater than 0.05, it can be suggested 

that according to Shapiro-Wilk test data set is normal. 

 

 

2. Skewness Kurtosis test 

 

sktest myresidual 

                    Skewness/Kurtosis tests for Normality 

                                                              ------- joint ------ 

    Variable |    Obs    Pr(Skewness)    Pr(Kurtosis)    adj chi2(2)     Prob>chi2 

-------------+----------------------------------------------------------------------------------------------------

---- 

  myresidual |    303       0.3196          0.9365           1.00          0.6052 

 

Decision:  As calculated P –value (0.6052) is greater than 0.05, it can be suggested 

that according to Skewness & Kurtosis test data set is normal. 

 

2. Test for the Heteroscedasticity  

Regression disturbances whose variances are not constant across observation are 

hetroscedastic. Hetroscedasticity arise in numerous applications, in both cross-sectional 

and times-series data. It poses potentially sever problems for inferences based on least 

squares. It is useful to be able to test for homoscedasticity and if necessary, remedial 

measures be adopted accordingly. Several types of tests has been suggested for its 

detection, in current study Breusch-Pagan test with null hypothesis of constant variance 
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was applied for heteroscedasticity. Syntax for Breush-Pagan test in STATA and its 

result are given below: 

hettest 

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity 

Ho:   Constant variance 

Variables:  fitted values of Logyield 

 

chi2(1)       =     6.94 

Prob > chi2   =   0.084 
 

Decision: According to test result the P value (0.084) is greater than α = 0.05 

which suggest that the null hypothesis of homosceadsiticity or 

constant variance cannot be rejected.  

3. Test for Multicollinearity  

If refers to the existence of linear relationship among some or all explanatory variables 

included in the model. It increase estimator variance, enlarge confidence interval, give 

high value of R2  with insignificant  t-ratios (Gujarati, 1985). In current study Variance 

inflation factors (VIF) was used that measure how much the variance of the estimated 

regression coefficients are inflated as compared to when the explanatory variables are 

not linearly related. VIF syntax in STATA and its result is given below. 

vif 

    Variable |       VIF       1/VIF   

-------------+---------------------- 

      logfym |      7.76    0.128826 

   logpestic |      4.66    0.214594 

     logseed |      4.17    0.239891 

     logurea |      4.05    0.246835 

   loglabour |      2.08    0.480490 

      logDAP |      2.08    0.481740 

   logtrachr |      1.87    0.534662 

logirrigat~n |      1.63    0.611806 

-------------+---------------------- 

    Mean VIF |       3.54 

 

Decision: The existence of multicollinarity is considered high when the value 

of VIF is greater than 5. However,  according to test result mean 

and VIF for all variables is less than 5, which suggest that data set 

has no multicollinearity problem. 
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Appendix-X Test for Multicollinearity of Socio-economic Characteristics of 

Sample Respondents in Study Area 

Variable |          VIF       1/VIF 

-------------+---------------------- 

Exp |           2.03    0.493387 

Age |          1.99    0.503354 

Family size |          1.20    0.833437 

Distanceho~d |        1.19    0.842772 

Education |           1.13    0.885275 

Contactextension  |        1.11    0.896969 

Off-farm income |        1.09    0.915416 

Owner,tanent |           1.03    0.973324 

-------------+---------------------- 

Mean VIF |       1.35 

 

Decision: Mean VIF value  of 1.35 suggest that there is no problem of 

multicollinearity among socio- economic characteristics of sample respondents  

 

Appendix-XI:  Pairwise correlation status 
 

Age Edu Exp family size ext 

contacts 

distance off-farm 

income 

Age 1.0000 - - - - - - 

Edu -0.1265 1.0000 - - - - -- 

Exp 0.3835 -0.2373 1.0000 - - - - 

family size -0.0476 -0.0879 0.026 1.0000 - - - 

ext contacts 0.0808 0.1311 0.0698 0.105 1.0000 - - 

distance -0.0339 0.0982 -0.0691 0.4245 0.3743 1.0000 - 

off-farm 

income 

0.0265 -0.0638 0.0864 0.0844 0.1137 0.1035 1.0000 

 

Decision: Correlation coefficients are not in excess of 0.5 (Gujarati, 2012) which 

suggest that explanatory variables considered in current study have no issue of 

pairwise correlation.  
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Appendix-XII. Interview Schedule (Questionnaire) 

1. Name of farmer------------------------------------------S/O------------------------------ 

2. Address---------------------------------------------------- 

3. Age of farmer---------------------------------------years 

4. Educational level of the farmers---------------years 

5. Farming experience of the farmer------------years 

6. Area under sugarcane-----------------------jarib/acres 

7. Yield per jarib/acre----------------------------in tones 

8. Family size-----------------------------------------(i) Male------------ 

(ii) Female--------- 

 

9. Off farm income    Yes/No  

10. Sugarcane supplied to  

i. Sugar mills 

ii. Ghani 

11. Farm location on:- 

i. Watercourse Head 

ii. Watercourse Mid 

iii. Watercourse tail 

12. Type of cane crop 

i. Fresh/cutting 

ii. Ratoon 

13. Tenure status 

i. Owner ii. Tenant   

ii.  Owner-cum-tenant 

14. Did you take loan/credit yes or no 

i. How much Rs.   

ii. Sources 

15. Distance of the field from home/village (For irrigation & TPT Cost)--------------- 

16. Weed infestation very low to high 

i. --------------------- 

ii. ------------------------ 

iii. ------------------------- 

17. Cropping pattern (Crop before sowing sugarcane) 

i. Fallow  

ii.  Wheat  

iii.  Maize 
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18. Land preparation (Pre-sowing) 

S.# Particulars Unit Quantity Cost/Unit (Rs) TC (Rs.) 

11.1 Tractor Hrs.     

 Deep plouging     

 Ploughing     

 Planking     

 Total     

11.2 Bullocks Days     

 Deep plouging     

 Ploughing     

 Planking     

 Total     

 

19. Seed and sowing cost (in case of fresh crop) 

S.# Operations Unit Quantity Cost/Unit (Rs) TC(Rs.) 

12.1 Seed sown     

 total     

 

20. Labor before harvest (M.D) 

S.# Operation labor 

days (M.Days) 

Unit Quantity Cost/unit 

(Rs.) 

TC (Rs.) 

14.1 Land preparation     

14.2 Seed sowing     

14.3 FYM application     

14.4 Fertilizer application     

14.5 Irrigation application     

14.6 Pesticide application     

14.7 Weedicide application     

 Total Labor days     

 

21. Labor after harvest (M.D) 

S.# Operation labor 

days (M.Days) 

Unit Quantity Cost/Unit 

(Rs.) 

TC (Rs.) 

15.1 Harvest/post 

harvest 

    

15.2 Transportation     

 Total labor days     

 

22. Irrigation 

S.# Operation Unit Quantity Cost/(Rs.) TC (Rs.) 

15.1 Water charges Hrs    

15.2 Abiana Crop    

 Sub-total     
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23. Pesticide/weedicide, fertilizer and FYM (For whole crop) 

S.# Operation 

during sowing 

unit Quantity Cost/Unit(Rs.) TC (Rs.) 

17.1 Pesticide Liters    

17.2 Weedcide Liters    

17.3 Urea Kgs    

17.4 DAP Kgs    

17.5 Nitrophose Kgs    

17.6 FYM 

(Trolley/Kgs) 

Kgs    

17.7 Transportation 

(FYM) 

    

 Sub-total     

 

24. Land Rent 

S.# Particulars Unit Quantity Cost/Unit 

(Rs.) 

TC (Rs.) 

18.1 Land rent 

(Opp. Cost) 

(For six 

months) 

Jarib/acre    

 

25. Total marketing cost:- 

S.# Operation Unit Quantity Cost/Unit 

(Rs.) 

TC 

(Rs.) 

19.1 Cutting charges Labor 

hours 

   

19.2 Loading/unloading Man days    

19.3 TPT charges to 

mill  

Rs.    

 Total marketing 

cost 

    

 

26. Total return/net return:- 

S.# Particulars Unit Price/unit 

(Rs.) 

Total Return/Cost 

(Rs.) 

21.1 Main product    

21.2 By product    

21.3 Gross return    

21.4 Total cost    

21.5 Net return    
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27.  Extension visits paid during the entire crop season----------------------- 

 

28. Problems faced by the farmer:- 

i. ----------------------------------- 

ii. -------------------------------------- 

iii. ----------------------------------------- 

iv. ------------------------------------------ 

 

 

 

 

 


