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			Abstract | This study was directed in district Peshawar, Khyber Pakhtunkhwa, Pakistan. This study evaluated technical efficiency of tomato farms and to catch factors if any causing technical inefficiency in tomato production. 90 farmers were selected through multi-stage proportional allocation sampling techniques. Data was collected by using a well-structured interview schedule. Cobb-Douglas production function was employed to assess technical efficiency. Maximum likelihood estimation techniques were employed for estimation. Results showed that all explanatory variables except pesticides have significant effect on tomato production. The results showed that a 1% increase in seed rate, labor, tractor hours, urea, DAP and irrigation increases output by 0.81, 0.02, 0.28, 0.14, 0.25 and 0.02 percent, respectively. Mean technical efficiency score was found 95% ranges from 86% to 99%. This means an average farmer can increase tomato output by 4% with available resources and technology. Results of inefficiency effect model indicated that farmers’ experience has negative and significant relationship with technical inefficiency. Efforts should be made to keep experience farmers in tomato farming. Government also needs to allocate more funds for extension services to provide formal and informal education to tomato growers.
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			Introduction

			 

			Pakistan is an agricultural country, it has fertile land, best irrigation system, well irrigated plains, and infrastructure, different type of weather, and old experiences of farming (Mari and Lohano, 2007). Agriculture has vital role in the economic development of the Pakistan. It contributes 18.9 percent to Gross Domestic Product (GDP) and observe 42.3 percent of labor force, 68 percent rural population depend directly or in directly on agriculture (GoP, 2018).

			 

			Tomato (lycopersicon Escolentum) is a commodity, usually in red color. It is originated from South American Andes but usage as an edible commodity started in Mexico and then spread throughout the world. Tomatoes add to a healthy, balanced diet. Good source of mineral, essential amino acids, vitamins, sugars and nutritional fibers. Its total production during 2017 was 601.098 thousand tons (GoP, 2017).

			 

			According to FAO in 2017 the top 10 tomato producing countries were China followed by India, United State, Turkey, Egypt, Iran, Italy, Brazil, Spain, and Mexico whose total production was 123 million tons out of 163 million of the world. Netherland is the leading tomato exporting country in the world followed by Mexico, Spain, Turkey, France, Morocco, Jordon, United State, Canada and Belgium. In 2017 Pakistan is ranked 33rd with production was estimated 601.098 thousand tons. Total tomato cultivated area in 2017 was reported about 63.203 thousand hectares (FAO, 2017).

			 

			The literature declared with growth rate 1.95, there is net addition of 3.7 million people each year. Therefore, there is need to enhance the farm level efficiency to meet the domestic needs and save foreign exchange. Efficiency in productivity can be achieved by finding out technical efficiency level of tomato growers and factors, if any, affecting inefficiency of tomato growers. Farmer’s efficiency and productivity are very important factors for maximizing profit and formulating future policy and farming management. The study is hence planned to evaluate and examine technical efficiency of tomato growers in the study area.

			 

			Materials and Methods

			 

			Data

			The study was instigated district Peshawar of Khyber Pakhtunkhwa, Pakistan. Primary data was obtained from sampled tomato growers (Figure 1). Multi-stage sampling technique was used where 90 respondents were selected through proportion allocation techniques (Cochran, 1977). Information regarding input such as seed, tractors hours, labor, Urea, FYM, irrigation and pesticides and socioeconomics characteristic like age, education, experience, area etc were taken under consideration.

			 

			Theoretical frame work

			Farmer efficiency is very vital to economist to deal the how to increase output with the given inputs as evaluated by Battese and Coelli in 1995. The quantity of productivity and efficiency came into use from Koopmans (1951) and Debreu (1951) study that was prolonged by Farrell (1957), who further separated economic efficiency into two classes, allocative efficiency and technical efficiency. Technical efficiency gives statistics regarding variation that exists among farmers production. It’s actually measures the gap between farmers real yield and the yield that can be produced by using the farm resources efficiently. The allocative efficiency is getting maximum output by using cost minimizing input. The product of technical efficiency and allocative efficiency yields economic efficiency (Farrell, 1957).

			 

			Model specification

			To estimate technical efficiency parametric and non-parametric techniques can be used. Parametric approach use econometrics measures however non parametric method (DEA) used mathematical practices to assess technical efficiency. Both methods has it advantages and disadvantages as Battese (1992), Bravo-Ureta and Pinheiro (1997) and Coelli and Perelman (1999) clarified the benefits and weaknesses of each models. Where parametric approach is probabilistic that retain distinction between natural random error and farm specific technical inefficiency whereas non-paramatric has the random noise and technical inefficiency together. Paramatric model confines misspecification of functional form like technology and inefficiency, whereas the non-paramatric is less accountable to such effect (Ali and Khan, 2014).

			 

			It is established from literature that for assessing technical efficiency of farms/firms the econometric model was frequently and extensively utilized. Stochastic frontier production analysis is used due to its composite structure of errors which also projected using maximum likelihood techniques (MLE).

			 

			Stochastic frontier analysis

			The stochastic frontier approach given in Equation (1) was autonomously planned by Aigner et al. (1977) and Meeusen and Van den Broeck (1977). The well-designed formula is given below.

			 

			Yi = f (Xi : βi) + εi i = 1, 2, 3, 4, ......., n      ….(1)

			 

			Where;

			Yi = Tomato yield kg acre -1; f ( )= Production function; Xᵢ = used inputs units acre -1; βᵢ = Expected coefficient; εi = νi – μi; εi = Composed error term; νi = random error; μi = farm/farmer specific errors; νi, represent the random error effects, errors in measurement, erroneous regressors and statistical errors. µi has linkage with the technical inefficiency of farms/firms and ranges from zero to one (Khan, 2012).

			 

			Empirical model

			Following Donkoh et al. (2008), Hussain et al. (2011), Khan (2012), Khan and Ghafar (2013), Tsoho, et al. (2012), Usman and Bakari (2013), Haile (2015), Tegar et al. (2016), Wahid et al. (2017), Tabe-Ojong and Molua (2017) and Mamary et al. (2018) empirical model for Cobb-Douglas type function was estimated as per Equation 2. The econometrics software STATA-12 was employed for estimation of Equation 2 and 3.

			ln Yi =	β0 + β1 ln Seed + β2 ln TractorHrs + β3 ln Labor + β4 ln Urea + β5 ln Fym + β6 ln IrrigNo + β7 ln Pesticides + εi     ….(2)

			 

			Where;

			Y = Tomato Yield in kg acre -1; Seed = Seeds sown in kg acre -1; TractorHrs = Tractor Hours acre -1; Labor = Labor days acre -1; Urea = Urea in kg acre -1; Fym = Farm Yard Manure in kg acre -1; Irrig = Number of irrigation acre -1; Pesticides = Pesticides/weedicides acre -1; Ln = Natural logarithm; εi = νi – μi; νi = Random error; μi = Technical inefficiency error term; βₒ and βᵢ = Coefficients estimated.

			 

			Technical inefficiency

			Following Battese and Coelli (1995), Hussain et al. (2011), Khan (2012), Khan and Ghafar (2013), Tegar et al. (2016), Wahid et al. (2017), Tabe-Ojong and Molua (2017) and Mamary et al. (2018) inefficiency model was specified as given below in Equation (3).

			 

			μi =αₒ + α₁ AGE + α₂ FARMEXP + α₃ EDUC + α₄ AREA + α5 DAP + α6 COP + ώᵢ    ….(3)

			 

			Where;

			µᵢ = Technical inefficiency error term; AGE = Age of farmers (years); FARMEXP = Farm experience of farmers (years); EDUC = Education of farmers (years); AREA = Area under tomato (acres); DAP = Di Ammonium Phosphate (kg acre -1); COP = Cost of production of tomato (PKR acre -1); αᵢ = expected coefficients; ώᵢ = Random error normally distributed with zero mean and constant variance.

			 

			The formula for calculation of technical each tomato grower is given in Equation (4).
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			Where;

			TEi = technical efficiency of each former that rangers from 0 to 1; Yi = Observed output of each farm; Yi*= Frontiers output of each farm.

			 

			For technical inefficiency of singular grower, the formula is given in Equation (5).

			 

			TIi = 1 - TEi     ….. (5)

			Results and Discussion

			 

			Descriptive statistics of the variable in technical efficiency model

			Table 1 shows descriptive statistics of variable used for estimation of technical efficiency model of tomato growers in district Peshawar. The variable used for technical efficiency were seed rate per acre, tractor hours, labors, FYM, Urea, pesticides, Irrigation, farmer experience, farmer age, education of the farmer (socioeconomics characteristic), area under tomato, DAP used to take as Dummy and cost of production. The average yield of tomato in the study area calculated was 5415.66 kgs per acre, ranging from 4480 to 6300 kgs per acre with standard deviation of 433.85 kgs. Average seed rate was 333.55 gms per acre with maximum of 350 gms and minimum of 300 gms per acre. The average tractor hours used in the study area was 6.56 hrs ranging from 4 to 10 hrs. Average number of labor was 54.8 man days, ranging from 51 to 58 manual days with a standard deviation of 2.09 man days. The average application of urea was 135.27 kgs ranging from 100 to 175 kgs per acre while the average used of FYM was 6595.55 kgs with a minimum of 6200 kgs and a maximum of 7000 kgs per acre. The average number of irrigation was 8.73 ranging from 6 to 12 per acre. The mean application of pesticides was 4.54 liters with a minimum of 3 liter and a maximum of 6 liter per acre.

			 

			Table 1: Summary statistics analysis of variable.

			 

			
				
					
					
					
					
					
					
				
				
					
							Variable
							Unit
							Mean
							Min
							Max
							S.D.
					

					
							
							Y (output)

						
							
							Kgs

						
							
							5415.66

						
							
							4480

						
							
							6300

						
							
							433.85

						
					

					
							
							X1(seed rate)

						
							
							Gms

						
							
							333.55

						
							
							300

						
							
							350

						
							
							10.84

						
					

					
							
							X2 (tractors hrs)

						
							
							Hrs

						
							
							6.58

						
							
							4

						
							
							10

						
							
							1.87

						
					

					
							
							X3 (labor)

						
							
							MD

						
							
							54.80

						
							
							51

						
							
							58

						
							
							2.09

						
					

					
							
							X4 (urea)

						
							
							Kgs

						
							
							135.27

						
							
							100

						
							
							175

						
							
							23.37

						
					

					
							
							X5 (FYM)

						
							
							Kgs

						
							
							6595.55

						
							
							6200

						
							
							7000

						
							
							268.12

						
					

					
							
							X6 (No of irrigation)

						
							
							No

						
							
							8.73

						
							
							6

						
							
							12

						
							
							2.17

						
					

					
							
							X7 (pesticides)

						
							
							Lit

						
							
							4.54

						
							
							3

						
							
							6

						
							
							0.99

						
					

					
							
							Z1 (Age)

						
							
							Yrs

						
							
							40.33

						
							
							24

						
							
							62

						
							
							9.51

						
					

					
							
							Z2 (Education)

						
							
							Yrs

						
							
							6.37

						
							
							0

						
							
							12

						
							
							3.4

						
					

					
							
							Z3 (Experience)

						
							
							Yrs

						
							
							13.97

						
							
							2

						
							
							32

						
							
							6.94

						
					

					
							
							Z4 (Area)

						
							
							Acre

						
							
							1.47

						
							
							1

						
							
							2.5

						
							
							0.485

						
					

					
							
							Z5 (DAP)

						
							
							Kgs

						
							
							78.62

						
							
							50

						
							
							125

						
							
							25.14

						
					

					
							
							Z6 (Total Cost)

						
							
							Rs

						
							
							105565.1

						
							
							79500

						
							
							138500

						
							
							15816

						
					

				
			

			

			Source: Authors’ estimates from survey data, 2018.

			 

			MLE results of Cobb-Douglas type production function

			Table 2 represents the results of technical efficiency and inefficiency of tomato growers in district Peshawar. The results revealed that all the explanatory variable except pesticides significantly affect tomato yield. The MLE estimated that seed rate, labor, tractor hours, urea, DAP, and irrigation had significant and had positive relationship with tomato production. The results showed that seed rate, labor, tractor hours, urea, DAP, and irrigation had propensity to increase technical efficiency as one percent increase in these factor would raise tomato yield by 0.81, 0.02, 0.28, 0.14, 0.25 and 0.02 percent, respectively. The coefficient of pesticide is -0.01 and statistically insignificant. This negative coefficient may be due to over utilization of pesticide while the farmer is in irrational stage III of production (Debertin, 2012) where MVP<MFC. It is needed to reduce the use of pesticide in the research area to that point where marginal value of product is in equilibrium with marginal factor cost MVP=MFC. These results are in line with Ali and Khan (2014), Shaheen et al. (2011), Oyewo (2011), Singh (2007), and Hassan and Ahmad (2005).

			 

			Table 2: MLE results of Cobb-Douglas type production function.

			 

			
				
					
					
					
					
					
				
				
					
							Var
							Co-efficients
							Standard. Errors
							t-ratios
							p-values
					

					
							
							Constant

						
							
							-0.27

						
							
							0.791

						
							
							-0.34

						
							
							0.73

						
					

					
							
							X1 (seed rate)

						
							
							0.81

						
							
							0.116

						
							
							6.94

						
							
							0.00

						
					

					
							
							X2 (tractors hrs)

						
							
							0.02

						
							
							0.009

						
							
							2.23

						
							
							0.02

						
					

					
							
							X3 (labor)

						
							
							0.28

						
							
							0.075

						
							
							3.79

						
							
							0.00

						
					

					
							
							X4 (urea)

						
							
							0.14

						
							
							0.022

						
							
							6.72

						
							
							0.00

						
					

					
							
							X5 (FYM)

						
							
							0.25

						
							
							0.091

						
							
							2.75

						
							
							0.05

						
					

					
							
							X6 (No of irrigation)

						
							
							0.02

						
							
							0.012

						
							
							1.93

						
							
							0.05

						
					

					
							
							X7 (pesticides)

						
							
							-0.01

						
							
							0.009

						
							
							-1.06

						
							
							0.29

						
					

				
			

			

			Source: Authors’ estimates from survey data, 2018.

			 

			MLE results of technical inefficiency effect model

			The estimates of technical inefficiency are shown in Table 3. There is positive relationship between farmer age and technical inefficiency and are statistically significant that implied that an increase of farmer age the technical inefficiency increases while technical efficiency decreases. The estimated result revealed that there is negative and significant relationship of farmer experience with technical inefficiency that implied that an increase in farmer experience the technical inefficiency decreases and technical efficiency increases, this result is in collaboration with Khan and Ali (2013) as well as Mustapha and Sallihu (2015). The relationship of education, area under cultivation and DAP with technical inefficiency is negative and insignificant, the results are in strong agreement with Adigbite and Adeoye (2015), Soloman et al. (2015) and Gichimu et al. (2015). The relationship of cost of production of tomato crop with technical inefficiency is positive and statistically insignificant. Its mean that cost of production has no effect on technical efficiency, same result was also found by Ali and Khan (2014).

			 

			Table 3: MLE results of technical inefficiency effect model.

			 

			
				
					
					
					
					
					
				
				
					
							Variables
							Coefficients
							Std. Errors
							t-ratios
							p-values
					

					
							
							Constant

						
							
							-10.45

						
							
							4.04

						
							
							-2.59

						
							
							0.01

						
					

					
							
							Z1 (Age)

						
							
							0.25

						
							
							0.12

						
							
							1.89

						
							
							0.059

						
					

					
							
							Z2 (Education)

						
							
							-0.23

						
							
							0.16

						
							
							-1.37

						
							
							0.171

						
					

					
							
							Z3 (Experience)

						
							
							-0.37

						
							
							0.18

						
							
							-2.04

						
							
							0.042

						
					

					
							
							Z4 (Area)

						
							
							-1.24

						
							
							1.57

						
							
							-0.79

						
							
							0.432

						
					

					
							
							Z5 (DAP)

						
							
							-1.73

						
							
							0.99

						
							
							-1.73

						
							
							0.083

						
					

					
							
							Z6 (Total Cost)

						
							
							1.72

						
							
							1.64

						
							
							1.05

						
							
							0.295

						
					

					
							MLE of the variance parameters
					

					
							
							sigma2

						
							
							0.001

						
							
							0.000

						
							
							 

						
							
							 

						
					

					
							
							Lambda

						
							
							2.208

						
							
							0.006

						
							
							 

						
							
							 

						
					

					
							
							Gamma

						
							
							0.688

						
							
							 

						
							
							 

						
							
							 

						
					

				
			

			

			Source: Authors’ estimates from survey data, 2018.

			 

			Table 4: Frequency distribution of technical efficiency of individual tomato growers.

			 

			
				
					
					
					
				
				
					
							TE
							No
							Percentage
					

					
							
							0.86-0.94

						
							
							1

						
							
							1.11

						
					

					
							
							0.94-0.96

						
							
							8

						
							
							8.88

						
					

					
							
							0.96-0.98

						
							
							27

						
							
							30.00

						
					

					
							
							0.98-1

						
							
							54

						
							
							60.00

						
					

					
							
							Maximum 

						
							
							99

						
					

					
							
							Minimum 

						
							
							86

						
					

					
							
							Mean 

						
							
							95

						
					

				
			

			

			Source: Authors’ estimates from survey data, 2018.

			 

			The results of maximum likelihood estimate explained variance parameter that is gamma with a value of 0.68 showed that out of total variation in production 68 percent is due to technical inefficiency U1 of the farmers in the study area, and the remaining 32 percent is due to natural uncertainty factor V1.

			 

			Frequency distribution of technical efficiency of individual tomato farms

			Table 4 shows the frequency distribution of technical efficiency of individual tomato farms. The mean technical efficiency calculated is 0.95 with a maximum value of 0.99 and with a minimum of 0.86. 
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			Figure 1: Map of district Peshawar, Khyber Pakhtunkhwa; Sources: Fahad et al. (2018).

			 

			The results declare that there is a potential gain among the tomato grower and in short run the production of tomato can be increased by 5 percent in the study area. The study revealed that majority of the farmer that are 60 percent have technical efficiency above 98 percent, 10 percent tomato respondent have technical efficiency below 96 percent and 30 percent have technical efficiency between 96 and 98 percent.

			 

			Conclusions and Recommendations

			 

			Result revealed that seed rate, tractor hours, labor days and fertilizer are important factors for increasing tomato production in the study area. In inefficiency factors, farmers’ experience exhibits a negative relationship with technical inefficiency. This means that farming experience is a significant factor that decreases technical inefficiency of tomato growers. Based on the findings of this study it is recommended that extension personals should motivate tomato growers to increase seed rate, tractor hours and DAP application to enhance tomato productivity. It is recommended that government should encourage experienced farmers in tomato farming. As tomato is cash crop and labor intensive so provision of credit to farmers on easy terms and conditions for purchase of costly inputs will enhance tomato production.
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Abstract | This study was directed in district Peshawar, Khyber Pakhtunkhwa, Pakistan. This study evaluated
technical efficiency of tomato farms and to catch factors if any causing technical inefficiency in tomato production.
90 farmers were selected through multi-stage proportional allocation sampling techniques. Data was collected by
using a well-structured interview schedule. Cobb-Douglas production function was employed to assess technical
efficiency. Maximum likelihood estimation techniques were employed for estimation. Results showed that all
explanatory variables except pesticides have significant effect on tomato production. The results showed that a
1% increase in seed rate, labor, tractor hours, urea, DAP and irrigation increases output by 0.81,0.02,0.28, 0.14,
0.25 and 0.02 percent, respectively. Mean technical efficiency score was found 95% ranges from 86% to 99%.
'This means an average farmer can increase tomato output by 4% with available resources and technology. Results
of inefficiency effect model indicated that farmers’ experience has negative and significant relationship with
technical inefficiency. Efforts should be made to keep experience farmers in tomato farming. Government also
needs to allocate more funds for extension services to provide formal and informal education to tomato growers.
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Introduction

akistan is an agricultural country, it has fertile

land, best irrigation system, well irrigated plains,
and infrastructure, different type of weather, and old
experiences of farming (Mari and Lohano, 2007).
Agriculture hasvital role in the economic development
of the Pakistan. It contributes 18.9 percent to Gross
Domestic Product (GDP) and observe 42.3 percent
of labor force, 68 percent rural population depend
directly or in directly on agriculture (GoP, 2018).

Tomato (lycopersicon Escolentum) is a commodity,
usually in red color. It is originated from South
American Andes but usage as an edible commodity

started in Mexico and then spread throughout the
world. Tomatoes add to a healthy, balanced diet. Good
source of mineral, essential amino acids, vitamins,
sugars and nutritional fibers. Its total production

during 2017 was 601.098 thousand tons (GoP, 2017).

According to FAO in 2017 the top 10 tomato
producing countries were China followed by India,
United State, Turkey, Egypt, Iran, Italy, Brazil, Spain,
and Mexico whose total production was 123 million
tons out of 163 million of the world. Netherland is
the leading tomato exporting country in the world
followed by Mexico, Spain, Turkey, France, Morocco,
Jordon, United State, Canada and Belgium. In 2017

Pakistan is ranked 33" with production was estimated
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