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ABSTRACT 

 

Using a comprehensive primary dataset collected from 210 farmers of two (Dera Ghazi khan and Rajanpur) 

districts of Punjab Province in Pakistan. The objective of this study was to explore the technical, allocative and 

economic efficiencies and subsequently to estimate the determinants of inefficiency of tobacco farmers in 

Punjab, Pakistan. The technical, allocative and economic efficiencies were assessed by using data envelopment 

analysis (DEA) technique. The mean technical, allocative and economic efficiency scores for the tobacco farms 

were 0.90, 0.82 and 0.75 respectively. Results based on tobit regression analysis were highly significant for all 

three efficiencies. Thus, divulge that the age of household, education, agricultural credit access and contact with 
extension staff had a significant and negative effect on inefficiency score. The government should take steps for 

the improvement in the technical education of farmers, meetings with extension agents, insure the quality of 

inputs and provide a subsidy to small farmers in the purchase of inputs. 

KEYWORDS: Tobacco, Efficiency, DEA Approach, Tobit Model  

 

1. INTRODUCTION 
 

Government of Pakistan endorsed new technologies for the enhancement in agriculture sector. Agriculture 

occupied a major (19.5%) share in the gross domestic product of Pakistan which involved 42.3% labor force 

[19]. Increase in the production as well as yield of agricultural crops is a need of time [16, 17].  

Cash crops are considered as an essential part of agriculture because these are a source of livelihood and foreign 

exchange. Major problems faced by developing countries were unemployment and poverty. The sector of cash 

crops can tackle these problems in short period of time. Their short growing period was also helpful in the 

cultivation of many crops in a particular season [2]. 
Tobacco considers as an important cash crop occupied only 35251 hectares with the production of total 86.22 

million kg tobacco and an average yield of 1900 kg per hectare [18].  Tobacco products included price earnings 

ratio of top fifteen companies in Pakistan. Tobacco in Pakistan was on growing value trend throughout the review 

period but declining trend in value term from past five years. Pakistan exported tobacco 1233.86 million rupees 

in 2016 which was less than half 2732.29 million rupees in 2012 [21] and posting negative growth of 2.6 percent 

in 2017 as compared to last year due to decrease in area [19]. Tobacco is a labor-intensive crop supporting 1.2 

million persons [5]. 

Smokeless tobacco is popular with a name of Dark Sun Cured Rustica or black leaf, occupied an area of 7000 

hectares with a production of 21 million kg [20]. Its product is consumed as snuffing and chewing. Snuff is fine-

grain tobacco that often comes in teabag-like pouches that users "pinch" or "dip" between their lower lip and 

gum. Chewing tobacco comes in shredded, twisted, or "bricked" tobacco leaves that users put between their 

cheek and gum. [20]. 
Production of smoked and smokeless tobacco is nearly similar but the processing of smokeless tobacco is different 

than the smoked tobacco. Researchers who have explored economic analysis of smoked tobacco [22, 32, 36, 40], 

calculating all costs, output and profit. Production function, mathematical programming and frontier function   

techniques were used for the measurement of the technical efficiency of agricultural farms [7, 11, 28, 38]. They 
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pointed out toward the improvement of efficiency and productivity by using different factors such as improvement 

in the land, seed quality, pesticide and fertilizer availability, labor skills, extensions services and credit Education. 

In the light of above studies, smokeless tobacco production is also said to be an important contributor to livelihood 

in terms of labor and revenue generation. But the literature was insufficient about smokeless tobacco is grown in 

Punjab, Pakistan. Therefore, a comprehensive study is required about the economic analysis and modeling of 
production efficiency of smokeless tobacco and checked the opportunity of input reduction keeping output level as 

constant or opportunity of obtaining more output keeping the input use level constant.  

 

2. METHODOLOGY AND DATA SAMPLING 

 

2.1 Study Area 

Punjab province is located between 24-37oN and 62-75oE in the fertile land of five south flowing rivers [14]. The 

region is blessed with good climate, suitable for agricultural production [34]. The study was conducted in two 

smokeless tobacco growing districts of Punjab (Rajanpur and Dera Ghazi khan, based on their shares of total 

smokeless tobacco in the province following the statistics from [10] 

 

2.2 Sampling 
Multistage random sampling technique was applied to collect the data. In first stage Punjab province was selected. 

In second stage two district was selected. In third stage five villages from each district were selected. In fourth and 

last stage 20 to 22 tobacco farmers were selected. About 105 farmer’s data was collected from each district, total 

210 respondents were interviewed. Respondents were divided into three sub-groups such as small, medium and 

large farmers. Total operational land was less than 12.5 acres for small farmers; more than 25 acres  for  large 

farmers; and between 12.5 and 25 acres for medium farmers [23]. Small, medium and large farmers were 59.52%, 

25.72% and 14.76%, respectively. 

 

2.3 Analytical procedure 

For the present study, software like Microsoft Excel, SPSS-15, DEAP-2.1 and Stata 13.0 were used for empirical 

analysis. For economic analysis, total revenue (TR) and total cost (TC) were estimated smokeless tobacco 
production. The total variable cost in the form of nursery cost, land preparation, seed, transplantation, fertilization, 

earthling up, hoeing, irrigation, pesticides, picking and marketing. The total fixed cost was the sum of land rent (six 

months) and administration charges [2].  Benefit-cost   ratio, gross margin and net income were calculated with 

given formulas [6].  

 

2.3.1 Data Envelopment Analysis  

Efficiency means comparison between the existing and maximum productivity of a firm [15]. Production frontier 

was used to the determined Maximum productivity of a firm. Production frontier was developed by using two 

different techniques such as stochastic frontier analysis (SFA) and data envelopment analysis [24]. The technique 

of linear programming was used in DEA model. The increasing difference among actual data and frontier explored 

the presence of increasing inefficiency of a firm [9, 33] mentioned both output and input oriented nature of DEA 

model but a farmer has more control on inputs. Therefore, input oriented DEA model was used in this study. 
According to [12], constant returns  to  scale  DEA  model  was only  feasible when all firms were working at an 

optimal scale but it is not possible in agriculture in Pakistan due to many constraints such as financial constraints, 

imperfect competition etc. in order to accommodate this [8] incorporated convexity constraint in proposed variable 

returns to scale in DEA model. According to [33] , technical efficiency is the achievement of maximum output by 

utilizing given input resources on the basis of the production model. DEA model based on a variable return to 

scale was used for the estimation of technical efficiency.  

The present study calculated technical allocative and economic efficiency by using DEA model based on a 

variable return to scale. Total farm income (Y) was considered as an output variable in the calculation of 

efficiency scores. Land (X1), tractor (X2), seed (X3), labor (X4) fertilizer (X5), irrigation (X6) and chemical 

(X7) were used as input variables in the analysis. 

 

2.3.2 DEA Model for technical efficiency estimation 

Input oriented variable return to scale DEA model was applied for technical efficiency estimation as mentioned 

by [33] like: 

min θ, λ θ, 

subject to: -yi + Yλ ≥ 0, θxi -Xλ ≥ 0, λ ≥ 0                                        (1) 

Where: 

Y represents the output matrix for N smokeless tobacco farmers. 

θ represents the total technical efficiency. 

λ represents Nx1 constants. 
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X represents input matrix for N smokeless tobacco farmers. 

yi represents the total revenue (Rs.) 

xi represents the vector of inputs X 1i, X2i…… X7i 

X 1i represents the area under smokeless tobacco (acres) 

X2i represents the total tractor used (hours) in farm operations 
X3i represents the total quantity of seed (kg) 

X4i represents the total labor man days required for all farm operations 

X5i represents the weight of fertilizer (kg) 

X6i represents the total irrigation (hours) 

X7i represents the total chemical (liter) 

 

2.3.3 Economic Efficiency Estimation 

Cost minimization DEA model is considered as the first step for the estimation of economic efficiency and it is 

simply a ratio between minimum to observed cost as mentioned by [33]. Cost minimization DEA model was 

expressed as: 

min λ, xiE wi xiE                                                                                                                                                                  

subject to: –yi +Yλ ≥ 0, xiE–Xλ ≥ 0, N1λ = 1, λ ≥ 0                                                     (2) 
Where: 

wi    represents    input    price    vector   W1i W2i,……,W7i 

xiE represents the vector of cost minimizing input quantities 

N represents the total smokeless tobacco farmers 

W1i represents land rent in Rs. 

W2i represents total money spent on tractor use in Rs. 

W3i represents the total cost of seed in Rs. 

W4i represents the total cost of labor in Rs. 

W5i represents the total cost of fertilizer in Rs. 

W6i represents the total cost of irrigation in Rs.  

W7i represents the total cost of chemical in Rs.  
Economic efficiency is simply a ratio between minimum cost and observed cost. 

Economic Efficiency = minimum cost/observed cost 

EE = wi xiE/ wi xi                                                                                                            (3) 

 

2.3.4 Estimation of Allocative Efficiency 

Allocative efficiency is obtained by dividing economic efficiency with technical efficiency. AE = EE/TE                                             

(4) 

 

2.3.5 Tobit Regression Model 

Efficiency improvement studies also explored the causes of efficiency variations between different farmers [26]. 

The score of inefficiency for each farmer was obtained by subtracting their efficiency score from 1. The technical, 

allocative, and economic inefficiency score were separately regressed on selected variables. The range of 
efficiency score by using DEA model was from 0 to 1. It shows that the dependent variable in the model was not 

normally distributed. Biasness in results becomes a hurdle for the use of ordinary least square technique [33]. So, 

the current study used Tobit regression model proposed by [39]. Socio-economic and farm related variables were 

age of farmer, education, land under tobacco, distance from output market, agriculture credit and contact with 

extension agents. Tobit regression model used by [33] for the determinants of inefficiency was expressed as: 

Ei = Ei*= β0 + β1Z1i + β2Z2i + β3Z3i + β4Z4i + β5Z5i + β6Z6i +µi             If E* > 0                        (5) 

E = 0         if             If E* ≤ 0                                                                                                      

Where 

i represents ith farmer in the sample 

Ei represents the technical, allocative, and economic inefficiency 

Ei* represents the latent variable.  
Z1i represents the age (years) 

Z2i represents the education (years) 

Z3i represents the area under smokeless tobacco (acres) 

Z4i represents the distance from the market (Km) 

Z5i is a dummy variable having a value equal to one if a farmer has access to credit otherwise zero. 

Z6i is also a dummy variable having a value equal to one if a farmer has access to extension services otherwise 

zero. 

ß’s represents unknown parameters, µi represents the error term. 
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3. RESULTS AND DISCUSSION 

 

Table 1 depicts the average variable cost incurred in per acre production for smokeless tobacco. On average, 

expenditures of small farmers were high in nursery growing cost (1428.12). Total cost was more for small 

farmer (Rs.  76499.81) followed by large (Rs. 74110.44) and medium farmer (Rs. 71824.32). The small farmer 
paid more uprooting and transportation cost (Rs. 1658.12), gap filling cost (Rs. 148.34), hoeing cost (Rs. 

2560.68) and harvesting cost (Rs. 1046.15) as compared to the large farmer.  

 

Table 1. Total production cost acre-1 (Rs.) for smokeless tobacco 
Production Practices/Costs 

 

Sub Groups Standard Error of 

Mean 
Small  Medium Large 

Total Nursery Cost 1428.12 711.84 484.13 49.69 

Uprooting and transportation cost 1658.12 1626.79 1727.03 12.55 

Gap filling cost 148.34 73.45 58.51 5.16 

Manual ridge making cost 270.94 244.64 245.95 5.38 

Fertilizer and FYM application Cost 1085.78 1007.85 1009.38 19.21 

Pesticide insecticide application charges 241.20 313.39 263.51 7.80 

Total Hoeing Charges 2560.68 2548.21 2448.65 33.53 

Manual Topping and de-suckering Charges 3973.50 4137.50 4059.46 33.47 

The labor cost of irrigation and water course 

cleaning 

730.66 574.85 711.62 26.07 

The labor cost of Harvesting 1046.15 1057.14 1024.32 11.01 

Cost of picking tying and loading 1251.28 1296.43 1278.38 12.89 

Stick replacement cost 3637.61 3805.36 3732.43 25.63 

Total Labor Cost 16604.27 16685.61 16559.24 126.54 

Total Land Preparation Charges 6395.34 4841.19 4446.24 113.37 

Total Fertilizer and FYM Cost 24473.78 23724.95 25982.99 399.90 

Total Pesticide insecticide cost 984.19 1030.36 1258.11 25.32 

Total Irrigation Cost 7027.78 6962.50 7131.08 88.71 

Total Curing Cost (Plastic) 526.50 564.29 518.92 13.82 

Land rent 19059.83 17303.57 17729.73 150.81 

Total Cost 76499.81 71824.32 74110.44 968.18 

 

Table 2 describes that the small farmers get more leaf production (31.52 40kg/acre) and price (Rs.3955.98/40kg). 

The small farmers also get more stick production 7.88 40kg/acre. Total revenue was also more for small farmers 

(Rs.1276290.00 40kg/acre). GM (Rs.70189.02 40kg/acre) was more for medium and large farmer. BCR was 

high for medium farmers (1.22) followed by large (1.18) and small (1.07) farmer. It depicts that medium farmer 
received Rs.1.22 in return by investing rupee one in smokeless tobacco production. 

 

Table 2. Economic Analysis of per acre smokeless tobacco Production 
Indicator/Unit Sub-Groups Standard Error of 

Mean 

Small Medium Large 

Leaf Production (40 kg/acre) 31.52 31.21 30.92 0.33 

Average Price (Rs. /40kg) 3955.98 3875.89 3945.95 28.44 

Stick Production (40 kg/acre) 7.88 7.80 7.73 0.08 

Stick Price (Rs. /40kg) 294.66 292.86 303.11 2.57 

Total Cost (40 kg/acre) 76499.81 71824.32 74110.44 968.18 

Total Revenue (Rs.) 127629.00 124680.80 124814.26 1822.58 

Gross Margin (Rs.) 70189.02 70160.06 68433.55 1481.69 

Net Income (Rs.) 51129.19 52856.49 50703.82 1475.85 

BCR 1.07 1.22 1.18  
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Table 3 also represents the descriptive statistics of the variables used in the DEA model. Findings show that 

usage of inputs fluctuates across farms as it depends on financial status of tobacco farmers. The average yield on 

tobacco farm is about 20086.67 kg. In monetary terms, the average revenue per tobacco farm is about Rs.  

1619169.24. On average, a farmer pays Rs. 18357.14 in terms of land rent calculated for six months in tobacco 

production. Average farm machinery cost is Rs. 77893.38, the average cost of seed is Rs 5124.29, mean of 
irrigation cost is Rs. 91180.48, mean of fertilizer cost per farm is Rs. 325689.95, and the average chemical cost 

is Rs. 15900.00 per farm. Farming of tobacco crop is a labor-intensive activity and average labor cost is Rs. 

215469.14 per farm 

 

Table 3. Descriptive statistics of the variables used in the DEA 
DEA variables Units Mean SD Min Max 

Tobacco Yield (Stick plus 

Leaf)  

Kg 20086.67 15708.90 2600.00 81900.00 

Land under Tobacco Acre 13.05 10.46 1.50 63.00 

Labor  man-days 861.93 686.60 102.00 3707.00 

Farm Machinery  Number 98.25 77.87 16.00 445.00 

Seed  Kg 17.08 16.25 2.00 100.00 

Irrigation  Number 197.94 152.23 30.00 824.00 

Fertilizer  Kg 7510.69 6697.73 6697.73 44280.00 

Chemical  Liter 79.50 84.09 8.50 640.00 

Input Cost and Output 

Overall revenue PKR 1619169.24 1274689.06 196560.00 5876325.00 

Opportunity value of Land PKR 18357.14 2185.44 14000.00 24000.00 

Labor Cost PKR 215469.14 171649.80 25570.00 926750.00 

Machinery Cost PKR 77893.38 55796.85 14600.00 369450.00 

Seed Cost PKR 5124.29 4876.42 600.00 30000.00 

Irrigation Cost PKR 91180.48 74889.27 12750.00 327600.00 

Fertilizer cost PKR 325689.95 289316.55 30800.00 1745100.00 

Chemical cost PKR 15900.00 16817.95 

 

1700.00 

 

128000.00 

 

Table 4 reveals that the mean total technical efficiency in the production of smokeless tobacco was 90.7% with 

minimum (62%) and maximum (100%). It depicts the possibility of 9.3% reduction in inputs for working at 

technical efficient level while output and technology remain unchanged. Results showed that 59.05% smokeless 

tobacco growers had more than 90% value of technical efficiency and 40.95% remaining falls between 60% and 

90%. Average value of allocative efficiency was 82.8% with lowest (62.8%) and highest (100%). It depicts the 

possibility of 17.2% reduction in total cost for an allocative efficient farmer keeping the level of output and 

technology constant. A score of allocative efficiency was more than 70% for 89.05% farmers. Economic 

efficiency was 75% on average with minimum (49%) and maximum (100%).  
 

Table 4. Frequency distribution of Technical, Allocative and Economic Efficiencies 
Efficiency 

Range 

Technical efficiency Allocative efficiency Economic efficiency 

N % N % N % 

0.4˂E≤0.5 - - - - 2 0.95 

0.5˂E≤0.6 - - - - 12 5.71 

0.6˂E≤0.7 4 1.90 23 10.95 60 28.57 

0.7˂E≤0.8 21 10.00 70 33.33 79 37.62 

0.8˂E≤0.9 61 29.05 55 26.19 28 13.33 

0.9˂E≤1.0 124 59.05 62 29.52 29 13.81 

Total 210 100.00 210 100.00 210 100.00 

Mean 0.90  

0.62 

1.00 

0.08 

0.82 

0.62 

1.00 

0.09 

0.75 

0.49 

1.00 

0.11 

Minimum 

Maximum 

Sd. 

Note: E= Efficiency 

 

Table 5 explores the impact of farm size efficiency scores. All production efficiency scores were found for small, 

medium and large smokeless tobacco farmers. The mean of total technical efficiency was 92.3% for large farmers 

followed by small (91.40%) and medium (88.3%) farmers. The average allocative efficiency was higher for 

medium farmers (86.5%) followed by large (84.7%) and small (80.7%) farmers. Economic efficiency was more 

for large farmers and it was 77.9% average while its value was 76.5% and 73.6% for medium and small farmers, 

respectively. Small farmers were more in Pakistan and their prosperity was also important for the uplift of 
Pakistani society [1]. 
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Table 5. Estimation of production efficiency with respect to farm size 
Efficiency Farm size Category 

Small Medium Large 

Technical efficiency  0.914 0.883 0.923 

Allocative efficiency 0.807 0.865 0.847 

Economic efficiency 0.736 0.765 0.779 

 

Table 6 reveals average age of smokeless tobacco growers was 41.44 years with minimum (22 years) and 

maximum (61 years). Mean value of education was 5.22 years. Average land allocated for tobacco 13.052 with 

minimum (1.5 acres) and maximum (63 acres). Extension services and agriculture credit access offered (44.3%) 

and (55.7%) respectively to smokeless tobacco growers in the study area. 

 

Table 6.  Descriptive statistics of the variable in Tobit regression 
Variables Unit Mean Maximum Minimum Standard 

Deviation 

Age Year 41.44 61 22 8.24 

Education Year 5.22 14 0 4.46 

Land under tobacco Acre 13.05 63 1.5 10.46 

Distance from market Km 15.41 36 2 8.17 

Dummy Variables Category Frequency Percent 

Agri. Credit access No 117 55.70 

Yes 93 44.30 

Extension services No 93 44.30 

Yes 117 55.70 

 

Table No. 7 showed the results of the study indicated that old farmers were technically less inefficient than the 

young farmers in the study area. Education was included to test the hypothesis that a farmer with more schooling 

is more efficient in smokeless tobacco production. The results revealed a negative and significant education 

coefficient for technical and allocative inefficiency. Therefore, it confirmed from hypothesis to show a decrease 

in technical and economic inefficiency with an increase in education. The coefficient of smokeless tobacco area 

was positive and significant for allocative and economic inefficiency. It showed an increase in the value of 

inefficiency due to more area under control. Distance from the market was included to test the hypothesis that 

a distant farm had more value of inefficiency. The   coefficient   of   distance   from smokeless tobacco market 

was significant and positive for technical inefficiency. A distant farm bears more labor cost and transportation 
cost.  Results of the study revealed that access to credit coefficient was negative and significant for technical 

and economic inefficiency. It is therefore recommended that farmers should be provided assistance in the form 

of soft loans to enable them to cope with ever increasing prices of inputs. Extension services are important for 

a new technique and it was included to test the hypothesis that there is a negative impact on production 

inefficiency in the presence of extension services. The coefficient of contacts with extension agents was 

significant and negative for technical and economic inefficiency. It showed that the value of inefficiency 

decreases when farmers increase the contact with extension staff. 

 

Table 7. Factors affecting of Inefficiency 
Variables Unit Technical inefficiency Allocative inefficiency Economic inefficiency 

Β Std. Err. β Std. Err. β Std. Err. 

Age Year -0.00461*** 0.00072 -0.00088 0.00091 -0.00355*** 0.00094 

Education Year -0.00706*** 0.00128 0.003888** 0.00160 -0.00047 0.00166 

Land under 

tobacco 

acre 0.000372 0.00051 -0.00303*** 0.00066 -0.00258*** 0.00068 

Distance from 

market 

km 0.002953*** 0.00064 -0.00048 0.00083 0.000811 0.00086 

Agri. Credit 

access 

Yes/no -0.03458** 0.01136 -0.012 0.01466 -0.03423** 0.01520 

Extension 

services 

Yes/no -0.05331*** 0.01142 -0.00742 0.01493 -0.05275*** 0.01548 
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4. DISCUSSION 

 

Tobacco is a profitable activity and  the findings were in line with the results of [13, 22, 32, 37, 40] and  [29]. 

Significant education coefficient was in line with previous studies [25, 30] and [29]. An educated farmer has 

the ability to understand new technology and learns about better production practices [4, 3, 31, 35]. The 
significant coefficient of extension services was in line with [30] and [29]. The mean value of technical 

efficiency was 77% and 87.4% as found by [7, 38] respectively, and Tobit results showed that the education, 

experience of crop cultivation, contacts with extension agents had a significant and negative effect on production 

inefficiency. The negative effect of education on inefficiency was also explored by [38]. The impact of extension 

service was in line with the findings of [11, 27, 28]. Result confirmed a significant potential for the improvement 

of technical, allocative and economic efficiency in smokeless tobacco production. 

 

5. CONCLUSION 

 

The findings of the study showed that the average technical, allocative and economic efficiencies of tobacco 

farmers were 0.90, 0.82 and 0.75 respectively. All the inputs were found to be contributing to tobacco 

productivity with labor and fertilizer making up most of the shares of total cost in small, medium and large farms. 
The reason behind that large farmers are more efficient in tobacco farming was due to better education, easy 

access to credit, more finance to purchase inputs like pesticide, fertilizer, irrigation, plant protection measures, 

etc. along with better managerial practices and extension facilities. Tobit regression analysis of the determinants 

of technical, allocative and economic inefficiencies was carried out which showed that the age of household, 

years of schooling, number of contacts with extension agents and access to credit had negative impact on 

technical, allocative and economic inefficiencies of tobacco farms in Punjab. Small farmers were technically less 

inefficient. Results of the study also indicated that those farmers which were located closer to the market were 

technically less inefficient than the farmer located away from the main markets. It was also found that farm to 

market distance variable had insignificant impact on the allocative and economic inefficiencies of tobacco 

farmers. Therefore, it is suggested that government should work on development of markets and road networks 

in the rural areas. Government should also strive to stabilize the prices of numerous inputs like fertilizers, hybrid 
seed, diesel, pesticides, and weedicides. The quality of inputs like seed, pesticide sprays and fertilizers should 

also be monitored. Government institutes like PTB (Pakistan tobacco board) should pay attention to this issue 

and produce low cost seed which is easily accessible to all farmers. 
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