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ABSTRACT 

The productivity of potato production in Nepal is low compared to neighbouring countries because of a range 

of production constraints. Potatoes are an important staple crop and commodity for many communities 

throughout Nepal, thus imperative to improve their performance for the benefit of smallholder producers and 

consumers. This study aims to identify the technical efficiency and yield gap of potato farmers. Farm-level 

data from 300 potato farmers randomly selected from three districts of Nepal is used to estimate a stochastic 

frontier model. The model allows us to estimate the production elasticity coefficients of inputs, determinants 

of efficiency and technical efficiency of potato farmers. Results showed that among the production variables, 

seed rate and labour used were positive towards potato production, whereas seed source, extension contact, 

variety type, and irrigation used were negatively significant factors that influences the technical inefficiency. 

The mean technical efficiency value of potato farmers was 68%, and there was clear scope to increase potato 

production by 32% with the better use of available resources. The potential yield gap can be reduced if the 

adoption of proper agricultural practices such as the use of improved potato varieties with formal seed sources 

with recommended seed rates along with irrigation application. Such efforts from policymakers and other 

concerned stakeholders would help improve domestic production and reduce the dependency on potato 

imports. 

 

Keywords: Coefficient, Determinants, Elasticity, Stochastic 

 

साराांश 

l5d]sL b]zx?sf] t'ngfdf g]kfndf cfn'sf] pTkfbsTj ljleGg sf/0fx?n] ubf{ sd 5 . cfn' g]kfndf w]/} ;d'bfox¿sf nflu Ps dxTjk"0f{ 

afnL xf], To;}n] ;fgf s[ifsx? / pkef]Qmfx¿sf] kmfObfsf] nflu o;sf] v]lt k|0ffnLdf ;'wf/ ug{ cfjZos b]lvG5 . o; cWoogsf] p2]Zo cfn' 

ls;fgx¿sf] k|fljlws bIftf / pTkfbgsf] cGt/ klxrfg ug]{ xf] . o;sf] nflu :6f]sfl:6s k|mlG6o/ df]8]nsf] k|of]u ul/Psf] 5, h;sf] nflu 

tLg lhNnfx? ;'g;/L, af/f / s}nfnLaf6 #)) hgf cfn' s[ifsx? 5gf}6 ul/Psf] lyof] . pQm df]8]nn] cfn' pTkfbgsf] Ifdtf j[l4 ug]{ sf/s 

tTjx? / cfn' ls;fgx¿sf] k|fljlws bIftfsf] dfkg ub{5 . glthf cg';f/ aLpsf] b/ / cfn' v]tLdf k|of]u ePsf] >d, cfn' pTkfbgdf 

;sf/fTds sf/sx? lyP eg] aLpsf] ;|f]t, s[lif k|;f/sx? ;+usf] ;Dks{, hftsf] lsl;d, / l;FrfOsf] k|of]u k|fljlws c;IfdtfnfO{ c;/ ug]{ 

gsf/fTds dxTjk"0f{ sf/sx¿ lyP . cfn' ls;fgx¿sf] cf};t k|fljlws bIftf ^*Ü lyof] / pknAw ;|f]tx¿sf] /fd|f] k|of]u u/]df cfn' pTkfbg 

#@Ü n] yk j[l4 ug]{ ;lsg] b]lvG5 . cfn' v]tLdf l;FrfOsf] k|of]usf] ;fy} k|dfl0ft ul/Psf] cfn'sf pGgt hftx¿sf]  k|of]u tyf plrt s[lif 
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cEof;x¿ ckgfPdf pTkfbsTjdf x'g] cGt/nfO{ sd ug{ ;lsG5 . gLlt lgdf{tfx¿ / cGo ;/f]sf/jfnfx¿af6 x'g] o:tf k|of;x¿af6 cfn'sf] 

pTkfbg j[l4 ug{ / cfoftsf] lge{/tf sd ug{ d2t ug]{5 . 

 

 

 

INTRODUCTION 

The potato is a key staple food crop throughout parts of Nepal, particularly in the High hill regions, but it 

is also a major vegetable crop in the Terai and mid hill regions of Nepal. Nepalese farmers have been 

cultivating potatoes for over 200 years and it is one of the important crops to address the problem of food 

insecurity because it can be grown year-round and can be stored for many months. Potato production plays 

an important role in the economy of Nepal. It accounts for 42.46 % of the total vegetable-cropped area of 

Nepal providing economic benefits as well as creating employment opportunities for rural farmers. The 

area under this crop is 198,256 ha with a production of 3,410,829 mt. The national average productivity of 

potato is 17.20 mt/ha (MoALD 2023).  

 

The productivity of potato in Nepal is below that of neighbouring countries of India and China with 22.56 

and 18.76 mt/ha respectively. In 2020, Nepal imported 18,6772 mt of potatoes with a value of 

US$40,412,000 which has been increasing over the last 10 years (FAOSTAT 2020). Although the annual 

growth rate of potato productivity was 1.76% per annum in the last 17 years, the gap between potential 

yield and farm-level production was still very high (Timsina et al 2019). The lower level of production was 

associated with the poor adoption of agricultural technologies, inefficient use of resources such as land and 

fertilizer, and lack of research (Adhikari and Bjorndal 2012, Bhattarai et al 2015). There are various 

technical, environmental, and socioeconomic factors contributing to low potato production in Nepal. To 

substitute the import of potato, it is necessary to increase production through improvements in potato 

production efficiency. To increase the efficiency of potato farmers, it is important to know the causes of 

the inefficient use of resources. Improving efficiency in production allows farmers to increase their output 

without additional input and changing production technologies resulting in increased productivity (Bravo-

Uretra and Pinheiro 1997). In general, resources in the agricultural sector, especially in under-developed 

countries like Nepal, are being inefficiently utilized (Ahmad et al 2006). Potato productivity and efficiency 

may be affected by various farm-specific factors such as variety types, amount of fertilizer and seeds, labour 

use, irrigation condition, farm size, family size, credit accessibility to farmers, technical support, education 

level of household head, land type, land use pattern, etc. Technical efficiency is the capacity of a farm to 

produce an optimum quantity of output with the given level of inputs. To increase the productivity of 

smallholder farmers more efficient use of input is necessary. Several studies have been conducted about 

potato productivity and the technical inefficiency of potato in developing countries. Amara et al (1999) 

analyzed the technical efficiency among potato farmers and examined the farmers’ attitudes towards 

technological innovation. Galabada et al. (2014) in Sri Lanka found that there were opportunities in 

improving resource use efficiency in potato farming. Barasa et al. (2019) in Kenya reported that the mean 

technical efficiency of potato farmers was estimated at 65%. They found that technical efficiency was 

positively influenced by the age of the farmer, education years, farming experience, frequency of extension 

services, and land size, whereas negatively influenced by household size. 

 

Research on the technical efficiency of potato farmers in Nepal is limited, with the majority of the research 

focused on adoption-related issues. A study conducted in Eastern Hill of Nepal revealed that the improved 

seed had a positive impact on vegetable production efficiency (Shrestha et al 2015). Enhancing the adoption 

of improved potato varieties could impact farmers’ income, household food, and nutritional security (Gairhe 

et al 2017). Shrestha et al (2015) found that farm-specific factors such as seed types, credit access, and 

technical support significantly affected inefficiency in vegetable production.  Furthermore, policies need to 

focus on innovating and adopting improved seed varieties, easy access to credit facilities, technical support, 

and backstopping farmers. Increasing potato yield and minimizing the yield gap are essential to uplift the 

economic status of Nepalese farmers. The technical efficiency yield gap is due to crop management 
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inefficiencies in production. The main factors contributing to the technical efficiency yield gap are gaps in 

knowledge, information and skills such as appropriate use of inputs, combination and timing of inputs 

(Dijka et al 2020). 

 

The objective of this paper is to provide a detailed analysis of the performance of potato production and the 

yield gap due to technical inefficiency in Nepal. Thus, this study is important to policymakers as the 

information can be used to identify major intervention areas to improve productivity. Furthermore, the 

identification and implementation of appropriate management practices to increase efficiency will result in 

increasing potato productivity among potato farmers in Nepal.  

 

MATERIAL AND METHODS 
 

The data for this study were obtained from a survey of potato farmers from the Terai region of Nepal, which 

covered three districts: Jhapa from the eastern, Bara from the central, and Kailali from the western Terai of 

the country. A multistage random sampling procedure was employed for the selection of respondents. 

Firstly, three districts from each region were selected based on the highest areas of potato production. 

Secondly, three pockets in each district were selected based on potato area and variety used to capture the 

variations within the districts after the consultation with the Agriculture Knowledge Centre and agricultural 

officials of the local government. Finally,100 households from each district were selected using 

proportionate random sampling from each pocket. Therefore, a total of 300 households were selected for 

the study. A questionnaire was restructured according to the feedback from pretesting. The household 

survey was conducted from February to April 2019.  

 

The questionnaire consisted of 50 questions and took approximately 30 minutes to complete. The 

questionnaire captured data on the amount of potato production and production-related socioeconomic 

variables. Information was collected on input-output variables such as labour hours, farm size, fertilizer 

dose, tillage hours, and seed quantity. Socio-demographic factors such as age, education, access to credit, 

training received, household size, migration status, variety types, and irrigation application. One focus 

group discussion was conducted in each pocket. The collected information from three districts was entered 

in excel and data analysis was conducted using the software Stata (version 16.1). The research area is 

delineated in Figure 1.
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Figure 1. Research Area

 

Methods of data analysis 

Descriptive statistics 

Descriptive statistics were used to analyze the survey data using measures of dispersion such as percentage, 

frequency, and measures of central tendency such as mean, and standard deviation. 

 

Econometric model 
The focus of this study was to determine the level of technical efficiency of potato farmers across the Terai 

region of Nepal. There are two methods to determine technical efficiency: (1) data envelopment analysis 

(DEA) and (2) stochastic frontier method. The former is a nonparametric approach that developed out of 

mathematical programming techniques while the latter is a parametric approach that estimates technical 

efficiency within a stochastic production function model (Chakraborty et al 2002, Coelli et al 2005). The 

parametric approach considers the production functional form from a priori estimation of the data, while 

the non-parametric approach uses the data to determine the functional form. The major limitation of the 

non-parametric approach is that it assumes no sampling error and attributes all deviations from the 

production frontier to inefficiency (Diagne et al 2013). In this study, stochastic frontier analysis was used 

in preference to the DEA.

Stochastic production frontier model 

The stochastic frontier regression model is a parametric analysis that has been commonly used to estimate 

technical inefficiency. The stochastic production function frontier shows the most efficient use of inputs to 

produce the maximum output. This study uses the method of estimating a stochastic frontier production 

function proposed by Aigner et al (1977), and Meeusen and Van Den Broeck (1977). Kumbhakar et al 

(1991) extended the stochastic frontier methodology by openly introducing the determinants of technical 

efficiency into the model. The stochastic frontier production function differs from the traditional production 
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function in that it consists of two error terms. The first error term accounts for technical efficiency and the 

second for factors such as measurement error in the output variable, the weather, and the combined effects 

of unobserved inputs. It is a homogeneous function that provides a scale factor enabling one to measure the 

return to scale and to interpret the elasticity coefficients with relative ease. It is also relatively easy to 

estimate because in the logarithmic form; it is linear and parsimonious (Beattie and Taylor 1985).  

 

One-step Stochastic Production Frontier 

A two-step procedure has commonly been used to estimate the stochastic production frontier. This approach 

estimates the observation-specific inefficiency measure in the first step and then estimates the effect of the 

explanatory variables on the inefficiency measures in the second step. The two-step estimation procedure 

is recognized as biased because the model estimated in the first step is misspecified (Battese and Coelli 

1995). Furthermore, Wang and Schmidt (2002) explained that if X (Input variables) and Z (Inefficiency 

variables) are correlated then the first step of the two-step procedure is biased. Even if they are uncorrelated, 

ignoring the dependence of the inefficiency on Z will cause the first-step technical efficiency index to be 

undispersed, so that the results of second-step estimations are likely to be biased downward. Due to the 

unsatisfactory statistical properties of the two-step estimation, the better approach to incorporating 

exogenous influence on efficiency is the one-step procedure. Kumbhakar et al (1991) and Reifschneider 

and Stevenson (1991) proposed a one-step stochastic frontier in which the inefficiency effects are expressed 

as an explicit function of the vector of firm-specific variables and a random error. Therefore, in this study, 

all the parameters of the stochastic frontier model and inefficiency function were estimated together with a 

single maximum likelihood estimation (MLE) procedure. 

 

Functional forms determination 
Several functional forms have been developed to measure the relationship between input and output. The 

most common functional forms are the Cobb–Douglas and transcendental logarithmic (translog) functions. 

The Cobb–Douglas has been widely used in many empirical studies particularly those related to developing 

countries for farm efficiency analysis (Bravo-Ureta and Pinheiro 1997). Cobb-Douglas specification 

provides an adequate representation of agricultural production technology. In this study, we use an 

empirical Cobb-Douglas frontier production function model with double log form, which can be expressed 

as: 

 

Ln (Yield) = ß0+ ß1 ln(Total labour in hours)+ ß2 ln(Inorganic fertilizer)+ß3 ln(Tillage hours)+ ß4 ln(Total 

seed)+ (Vi – Ui) 

 

Where Ln is the natural logarithm, the dependent variable yield is the potato production per hectare (Kg/ha), 

ß0 –ß4 are the parameters to be estimated. The inputs variables are total labour hours required per hectare, 

inorganic fertilizer is the amount of Urea, DAP (Diammonium Phosphate), Potash and other micronutrients 

per hectare (Kg/ha), ploughing constitutes total tillage hours required for one hectare of land, the total seed 

is the potato seed rate per hectare (kg/ha), Vi is a two-sided random error component beyond the control of 

the farmer and Ui is a one-sided inefficiency component. In this study, the half-normal distribution is 

assumed for the asymmetric technical inefficiency parameter. 

 

Estimation of technical efficiency  
Following Battese and Coelli (1995), the farm-specific technical efficiency (TEi) of the ith sample farmer 

was estimated by using the expectation of Ui conditional on the random variable Єi. 

TEi = Exp (-Ui) 

= Yi/f(Xi ß)exp Vi 

= Yi/Y* 

Where Yi = Observed output 

Y* = Frontier output 

If Yi=Y* 
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Then, TEi = 1 i.e. 100% efficient 

 

Technical inefficiency model 
The determinants of inefficiency were evaluated using the method proposed by Belotti et al (2013) by 

sfcross command, which estimated socioeconomic determinants of technical inefficiency in a single stage 

and is expressed as: 

Technical inefficiency determinants are as follows. 

Ui=ß0+ß1i (Agesq)+ß2i (Gender)+ß3i (Migration)+ß4i (Education)+ß5i (Seed source) + ß6i (Extension 

contact)+ ß7i (Credit) + ß8i (Membership) + ß9i (Training)+ß10i (Irrigation)+ ß11i (Variety types) ß12i 

(District Kailali)+ Wi 

 

where Ui is technical inefficiency and Wi is a random error. The subscript i, indicates the ith household in 

the sample (i=1,……..,300). ß0,………ß12 are the parameters to be estimated. The agesq represents square 

of years of age of the household head. In the case of gender, 1 implies male farmers and 0 implies female 

farmers. Migration represents any of the household members who go to other countries, 1 if they go abroad, 

0 otherwise; education represents years of schooling for the household head. The seed source represents the 

source of seed for potato farming 1 if it is formal, 0 otherwise; extension contact represents 1 for farmers 

who have access to extension agents and 0 otherwise.  Farmers who received agricultural credit indicate 1 

and 0 for otherwise. The member household in agricultural cooperatives or groups is 1 and 0 otherwise. 

The training represents training related to potato farming, 1 if participants participated in training activities 

in the last 5 years and 0 otherwise. Likewise, 1 represents if farmers applied irrigation to potato farming 

and 0 otherwise, and variety represents potato seed varieties: 1 if the household used Nepalese improved 

variety seed and 0 if they adopted Indian or local seed varieties. Lastly, 1 indicates if the farmers were from 

the Kailali district and 0 for Jhapa and Bara districts. 

 

RESULTS  

Summary statistics  

The variables used in this study are presented in Table 1. For the stochastic production function variables, 

the average total potato output was 12753 kg/ha. The productivity is lower than the national average 

productivity, which was 17200 kg/ha in 2018 (MoALD 2023). Farmers used an average of 970 hours of 

labour to produce the potato per hectare, but there was a wide variation from 306 to 2782 hours. Most of 

the farmers performed potato cultivation activities manually. The average amount of seeds used was about 

1690 kg/ha. It is lower than the recommended dose, which is 2000 kg/ha.  
 

Table 1. Descriptive statistics of the variables used in the model (N=300) 

Variables  Mean Std. Dev. Min Max 

Total potato productivity (kg/ha) 12753 5469 1200 30000 

Total labour (hours) 970 370 306 2782 

Total inorganic fertilizer (kg/ha) 374.28 272.54 0 1875 

Tillage hours (hour/ha) 13.06 6.47 2 33.33 

Seed quantity (kg/ha) 1690 656 450 6000 

Age of HH (Years) 48.35 11.78 19 78 

Gender % (1=Male & 0= Female) 77.33 0.42 0 100 

Migration (Yes %) 21.33 0.41 0 100 

Education of household head (Years) 6.08 4.22 0 16 

Seed source formal (Yes %) 42 0.49 0 100 

Extension contact (Yes %) 37 0.48 0 100 

Received agricultural credit (Yes%) 33 0.47 0 100 
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Variables  Mean Std. Dev. Min Max 

Membership (Yes %) 72 0.45 0 100 

Training (Yes %) 19 .39 0 100 

Irrigation used (Yes %) 82 0.39 0 100 

Nepalese improved potato varieties (Yes%) 47.33 0.50 0 100 

District (1= Kailali & 0=Others) 0.33 0.47 0 100 

 

The average quantity of inorganic fertilizers (DAP, Urea and Potash) used was about 374 kg/ha. Among 

them, farmers applied DAP 119 kg, Urea 140 kg & Potash 100 kg in one hectare. The recommended dose 

is 220 kg DAP, 140 kg Urea, and 100 kg Potash in one hectare. Farmers were applying less DAP and Potash 

than the recommended dose. Almost all of the farmers performed tillage operations by tractor. Farmers 

used an average of 13 hours for tillage operations to produce potatoes per hectare. To determine factors 

related to inefficiency, socioeconomic variables were incorporated into the stochastic frontier model. The 

average age of the household head was 48 years. The household head is a member of the family who has a 

major role in managing agricultural activities. About one-fifth of the household members migrated to other 

countries. The average education of the household head was 6 years of schooling. About 42% of farmers 

obtained certified seeds from a formal source. The certified seed is one that has been produced by a seed 

producer agency to assure its genetic purity and physical quality with good tag and label, and it’s a major 

factor leading to increased productivity (Mataia et al 2011). Formal sources included government farms, 

cooperatives, and agrovets, while informal sources consisted of savings and seeds from neighbours and 

relatives. Likewise, about 37% of farmers have access to contact with government extension personnel. 

Further, about one-third of the farmers received credit for agricultural purposes. Similarly, about three-

quarters of farmers are involved as members of agricultural-related cooperatives and groups. In terms of 

training, only 19% of farmers received potato-related training. Furthermore, about 82% of farmers used 

irrigation through pumps and canal irrigation in potato farming. Lastly, in terms of variety, about 47% of 

farmers used Nepalese improved (NARC released and registered) varieties, while the other farmers used 

Indian and local varieties. The major Nepalese varieties include Janakdev, Cardinal, and Khumal Red. 

Indian varieties were Arun Gold, C-40 and Kanpur whereas farmers cultivated Tharu Aalu as a local variety. 

In the model, we used the Kailali district as a dummy variable. 
 

Hypothesis testing 
A generalized likelihood ratio (LR) test was employed to determine which model is better (null hypotheses, 

Table 2) prior to proceeding to the empirical analyses of technical efficiency. We used the LR test based 

on log-likelihood values for the restricted and unrestricted models. The first null hypothesis tested was the 

test for the existence of the inefficiency component of the composed error term. This null hypothesis was 

rejected because the LR- value (102.02) is greater than the critical value (5.41) (d.f. = 1, P < 0.01) (Table 

2). 

 

The second null hypothesis tested was a test for appropriate functional form; Cobb-Douglas versus Translog 

production functional form. The calculated LR test value (-70.93) is lower than the critical value of Chi-

square (29.92 at d.f. = 15, P < 0.05) (Table 2). This implies that the Cobb-Douglas functional form was 

preferred to estimate the technical efficiency of the potato farmers. The same results are obtained while 

testing the third null hypothesis evaluated between half-normal and truncated normal distributions (Table 

2). The null hypothesis is accepted, therefore, we used a half-normal distribution in the stochastic 

production frontier model. 
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Table 2. Summary of the test of hypothesis 

S.N Null hypothesis Degree  

of freedom 

LR-value X2 value Decision 

1. H0= Technical inefficiency does not exist  

H1= Presence of technical inefficiency 

1 102.02 5.41 Reject 

2. H0= Appropriate production functional form is 

Cobb-Douglas 

H1= Appropriate production functional form is 

Translog 

15 -70.93 29.92 Accept 

3. H0= The inefficiency effect follows a half 

normal distribution 

H1= The inefficiency effect follows a 

truncated  normal distribution 

2 4.72 8.27 Accept 

Empirical results 
Explanatory variables and inefficiency variables selected for estimation were checked for the 

multicollinearity problem using the Variance Inflation Factor (VIF) before the estimation of the stochastic 

frontier production function model was conducted. A value of VIF above 10 is considered serious 

multicollinearity (Gujarati 2006), but in our result, none of the variables’ VIF values exceed 2; the average 

VIF value found in the case of explanatory variables were 1.08 and 1.07 for inefficiency variables. 

 

A Cobb-Douglas production function was estimated using half-normal stochastic production methods. All 

input variables and dependent variables were log-transformed, and the coefficient represents elasticity. The 

value of gamma (γ) was 0.79, which is the ratio of the variance of the inefficiency component to the total 

error term. It indicates that about 79% of the variation in the output of potato farmers was due to technical 

efficiencies. Likewise, the ratio of the standard deviation of u to that of v (λ) is greater than 1, and it is 

statistically different from 0, which confirms a good fit of the error term. Additionally, the value sum of the 

parameters estimated from Cobb Douglas production associated with all the inputs is 0.81, which indicates 

a decreasing return to scale. This implies that a 1% increase in all production input variables leads to a 

0.81% increase in potato production.  

 

Among the production variables, seed quantity and labour use were significant and had a positive and 

significant effect on potato production. Seed quantity was significant (P<0.01), indicating that a 1% increase 

in seed quantity increases potato production by 0.48%. Similarly, labour quantity was positive (P<0.01), 

indicating that a 1% increase in labour quantity increases the potato output by 0.18%. 

 

Table 3. Input elasticity and socio-economic determinants of inefficiency 

Variable Coefficient Standard error p-value 

lnLabour  0.175*** 0.066 0.008 

lnTotal inorganic fertilizer            -0.001 0.009 0.911 

lnTillagehours            0.062 0.042 0.138 

lnSeed 0.481*** 0.074 0.000 

Constant 4.883*** 0.693 0.000 

Inefficiency component 

Agesq  -0.000 0.000 0.397 

Gender 0.002 0.287 0.995 

Education of household head  -0.028 0.027 0.291 

Seed source  -0.449* 0.255 0.078 

Training  0.470 0.316 0.137 
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Variable Coefficient Standard error p-value 

Membership -0.133 0.273 0.625 

Migration  -0.233 0.284 0.413 

Extension contact -0.468* 0.284 0.099 

Agricultural credit -0.269 0.255 0.292 

Irrigation used   -1.065*** 0.303 0.000 

Potato variety   -0.635** 0.302 0.035 

District_Kailali -0.698** 0.337 0.038 

Constant  0.872 0.540 0.106 

Other statistics    

u 0.525   

V 0.254   

Gamma (γ) 0.79   

Lambda (λ) 2.06   

Log likelihood -146.02   

Return to scale 0.81   

Number of observations 300   

Wald chi2 (6) 54.50   
Note: *P < 0.1, **P < 0.05, ***P < 0.00

The inefficiency factors presented in Table 3 relate to the farmers’ socioeconomic characteristics. Among 

the 12 variables used in the inefficiency components, five variables such as seed source, extension contacts, 

variety type, irrigation use and district variables, significantly influenced technical inefficiency. Farmers 

who purchased seed from formal sources had a negative effect on technical inefficiency. Likewise, 

extension service negatively influences the technical efficiency of potato production at a 10% level of 

significance. Similarly, the dummy variable use of improved potato varieties had a negative effect on 

technical inefficiency (P<0.01). Furthermore, the coefficient of irrigation availability was negative 

(P<0.01), meaning that when other factors are held constant, farmers who irrigated at least once for potato 

farming are more technically efficient than others who did not apply irrigation. Lastly, farmers from the 

Kailali district had a greater negative influence on the technical inefficiency of potato production than 

farmers from the Jhapa and Bara districts. 

 
Level of Technical Efficiency of Potato Farmers 

Table 4 shows the summary and distribution of the technical efficiency of potato farmers in the Terai 

region of Nepal. We found a mean technical efficiency score of about 0.68 (± 0.17 sd; range = 0.08 to 0.92). 

Most farmers (58%) have a TE value of >70%, with about a quarter of the farmers with a TE value of <60%. 

 
Table 4. Distribution of technical efficiency of potato farmers in  Nepal 

Efficiency level Frequency Percent (%) 

Less than 0.5 45 15.00 

0.51-0.6 35 11.66 

0.61-0.7 46 15.33 

0.71-0.8 80 26.66 

0.81-0.9 89 29.66 

0.91-1.0 5 1.66 

Total 300 100 

Mean 0.68  

Standard deviation 0.17  

Minimum 0.08  

Maximum 0.92  
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Estimates of potato yield gap due to inefficiency 

The yield gap is defined as the difference between technically efficient production and actual production in 

farmers’ fields. Therefore, the yield gap is the amount that represents a lower yield due to technical 

inefficiency. From the stochastic model, the TE of the ith household is estimated to be: 

TEi=Yi/Yi* 

Yi*=Yi/TEi 

where TEi is the technical efficiency of the ith sample household in potato production; 

Yi= Actual/observed yield of the ith sample household in potato production 

Yi* = Frontier/ potential output of the ith sample household in potato production 

 

The estimated potential yield of potato for each sample household in potato production is presented in 

Table 5. The observed yield was 12,753 kg/ha and the computed mean potential yield was 17,998 kg/ha. 

It was noticed that the mean yield gap was 5,246 kg/ha at 68% mean technical efficiency, indicating that 

surveyed households were producing 5,246 kg/ha less potato than their potential yield. 

 
Table 5. Potato yield gap due to technical inefficiency 

Variable Mean Min Max Std. Dev. 

Actual yield (Kg/ha) 12753 1200 30000 5469 

TE estimates 0.684 0.089 0.922 0.169 

Potential/frontier yield (Kg/ha) 17998 8196 34243 4616 

Yield gap/loss (Kg/ha) 5246 2131 21187 2499 

DISCUSSION  

Production variables seed and labour used contributed significantly positive towards potato productivity, 

whereas, in the inefficiency model, seed source, extension contact, variety type and irrigation influenced 

significantly negative to the technical inefficiency.  

 

The stochastic frontier model estimated that the seed rate had a positive effect on potato productivity. 

Farmers applied a low seed rate compared to recommendations. The higher seed rate increases the plant 

population density and yield (Ahmad et al 2006). A study conducted by Bajracharya and Sapkota (2017) 

also reported that farmers were unaware of the recommended seed rates and used a lower rate of seed in 

the Baglung district of Nepal. However, the result is contradicted by Wassihun et al (2019), who mentioned 

that a higher than recommended seed rate may result in low potato production due to high competition for 

nutrients. Furthermore, labour used in potato farming also positively influenced potato production. Potato 

farming is labour-intensive and farmers rely heavily on manual labour. The high labour demands are 

required for better weeding, fertilizer and pesticide application. Similarly, more labour is also required for 

land preparation, planting, and harvesting processes. Therefore, households with higher labour demand not 

only performed their cultural activities very well but also increased their level of technical efficiency. The 

result is consistent with Dube et al (2018) in Ethiopia, where the amount of seed, area of the plot and labour 

were positive and significant input variables in potato production. 

 

In the inefficiency model, we found that the seed source was negative toward technical inefficiency. 

Farmers who purchased potato-certified seeds from a formal channel such as agrovets, government farms 

and cooperatives were more efficient than those who used their own seed and obtained it from neighbours 

and relatives. A study conducted by Villano et al (2015) in the Philippines found that the adoption of 

certified seeds had a positively significant impact on efficiency in rice farming. The impact of extension 

personnel visits had significant and negative towards technical inefficiency. This result is consistent with 

the finding of Mango et al. (2015) and Solis et al (2009) who found that access to extension contacts can 
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increase technical efficiency. Andaregie & Astatkie (2020) and Dube et al (2018) also reported that potato 

farmers with close contact with extension agents improve technical efficiency. 

 

The cultivation of improved varieties had a significant and negative impact on technical inefficiency. In 

Nepal, farmers are cultivating Nepalese improved, Indian, and local potato varieties. Up until now, the 

Nepal Agricultural Research Council (NARC) has released eleven and registered five potato varieties. 

These varieties have a large yield potential, and the adoption of these varieties can greatly enhance national 

potato production (Kafle and Shah 2012). Moreover, improved varieties have high yield potential and 

diffusion of these technologies can greatly enhance national potato production (Tufa et al 2015). Farmers 

who adopted NARC-released and registered potato varieties were more efficient than farmers who adopted 

Indian or local potato varieties. However, the dominance of old varieties exists in the field (Gairhe et al 

2023). In Nepal, the lack of improved quality seed was the most important problem in potato production 

(Subedi et al 2019). Most of the farmers that used Indian and local varieties used ware potatoes as a seed 

because those varieties did not have any formal seed chain. Andaregie & Astatkie (2020) and Wassihum et 

al (2019) also found that potato farming with improved varieties was more efficient compared to using local 

varieties. Furthermore, similar findings showed that the use of improved varieties and technical efficiency 

were positively correlated (Jwanya et al 2014, Deressa et al 2017).  

 

The irrigation dummy variable had a significant and negative effect on the technical inefficiency that 

farmers who applied irrigation water to their counterparts. In Nepal, potatoes are cultivated in both irrigated 

and rainfed conditions. Irrigation has an important role as they are very sensitive to water stress during 

tuber initiation and tuber bulking stages, which have an adverse effect on potato productivity (Foti et al 

1995, Ierna and Mauromicale 2012). Mardani and Salarpour (2015) stated that irrigation improvement 

along with a proper application of fertilizers, pesticides, and machinery could have a significant role in the 

efficiency of potato production. Andaregie & Astatkie (2020) and Alam et al (2012) found that irrigation 

application had a positive and significant impact on the technical efficiency of potato production in Ethiopia 

and Pakistan respectively.  

 

Lastly, the average level of technical efficiency of potato farmers in the study area (68%) implies that potato 

farmers have an opportunity to improve their productivity by 32% with existing technologies and resources 

if inefficiency factors are addressed. The finding is consistent with the result obtained by Tiruneh et al 

(2017), they found that the technical efficiency of potato farmers was 68% in irrigated condition. However, 

Andaregie & Astatkie (2020), and Wassihun et al (2019) reported technical efficiency of potato farmers in 

Ethiopia was 75% and 46% respectively.  

 
CONCLUSION 

This paper determines the technical efficiency level of potato farmers and its determinants in Nepal. 

Moreover, it also estimates the yield gap of potato farmers due to technical inefficiency. The empirical 

analysis was carried out by employing half-normal stochastic frontier analysis. Results showed that among 

the four main factors of production (seed, labour, fertilizer and tillage hours), seed and labour were the 

major factors associated with potato production. The significant determinants of technical inefficiency 

variables include the use of the certified seed, extension contact, adoption of improved varieties and 

irrigation. Farmers who purchased certified seeds from the formal channel have a higher level of technical 

efficiency than those who used their own uncertified seeds. Likewise, farmers who had close contact with 

extension agents were more efficient than farmers who had fewer extension contacts. Similarly, the 

adoption of NARC-released improved varieties was also positively related to the technical efficiency of 

potato farmers. Farmers who adopted NARC-released improved potato varieties (Janakdev, Cardinal, 

Khumal Red, etc.) have a higher level of technical efficiency than those farmers who adopted Indian (Arun 

Gold, Kanpure, C-40) or local varieties (Tharualu). Farmers who applied irrigation in potato farming were 

more technically efficient than those in rainfed conditions. 
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The yield gap (5246 kg/ha) can be improved through the improvement of inefficiency factors. For 

increasing efficiency, the extension agents should play a significant role in promoting certified seeds of 

newly released improved varieties along with providing technical support on potato seed rate and irrigation 

application. 
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