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Maize is the second most important staple crop in Nepal. Its demand is rapidly increasing due to a growth in the poultry sector.
The national maize yield is low, leading to insuﬃcient domestic production and thereby increasing imports. Maize seed is
considered as one of the crucial inputs in achieving the targeted yield growth, but usually is in short supply during the cropping
season. Farmers are involved in maize seed production, which eases its supply. Thus, understanding the eﬃciency of maize seed
production will have a direct impact on the eﬃciency of the country’s maize production. This paper aimed to assess the technical
eﬃciency (TE) of maize seed production and the major factors aﬀecting TE. Semistructured questionnaire survey was administered in June 2016 to 182 maize seed farmers selected randomly from a total of 260 maize seed growers in Palpa District, a
leading maize seed producing district in the mid-hills of Nepal. TE is estimated based on the stochastic frontier production model,
and the factors aﬀecting TE are assessed using the Tobit model. TE ranged from 0.25 to 0.92 with an average of 0.71. This revealed
the scope of increasing TE by 29%. TE in the study area is largely aﬀected by the age and schooling year of household heads.
Similarly, the experience of maize seed production, livestock holding, the share of maize seed area, seed source, and access to
extension services aﬀect TE. Hence, a focus on motivating experienced educated maize seed growers to expand the maize seed
production area supplemented by a better seed source and extension services would contribute to improving TE.

1. Introduction
Agriculture sector contributes about 32.5% to Gross Domestic Product (GDP) and maize alone contributes 6.88% to
Agriculture GDP in Nepal [1]. Maize is the second most
important staple crop in terms of area and production
among the cereal crops in Nepal. The area, production, and
yield of maize crop in 2018/19 were 956.45 thousand
hectares (ha), 2713.64 thousand tons, and 2.84 tons/ha,
respectively [2]. Several plans, policies, and strategies are
implemented in the country to improve maize production.
However, a substantial improvement in maize yield, thereby
its production, is yet to be realized. Maize production and
yield are growing at the annual rate of 4.4% and 3.3%, respectively, between 2009/10 and 2018/19 [2]. In contrast,

there is a sustained demand for maize. The annual growth
rate of maize import in Nepal is 33.3% between 2009 and
2018. Maize import reached its peak in 2017 with an import
of 483.64 thousand tons. The import is estimated to reach
500 thousand tons in 2019/20. This shows the growing deﬁcit
of maize, thereby increasing the reliance on imports [3].
The low maize yield and production are mainly attributed to a weak management practice, decline in soil productivity due to high use of pesticides, and higher
production cost due to hired labor, Farmyard Manure
(FYM) cost, and high price of the required inputs. Maize
yield is also highly determined by plant density as there is no
tillering in maize [4, 5].
Seed is considered as an important inexpensive input,
which governs yield [6]. The yield of maize is higher with the
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adoption of new technology among smallholder farmers [7].
Improved seeds contribute about 20–30% increase in yield
[8]. The supply of improved maize seeds, however, is very
limited in Nepal [2, 9]. Only around 18% of maize farmers
are using improved seeds [10]. Supply of improved seed is
also restricted by the very limited supply of breeder and
foundation seed for its multiplication, which otherwise
could contribute to easy seed supply.
Improved eﬃciency of maize seed production contributes to overcoming the problems of lower yield through
enhanced supply of improved seed. At the same time, it helps
to ﬁnd the possibility of increasing yield by improving efﬁciency without increasing the resource [7]. It is found
relevant to countries like Nepal where there is a narrower
scope of increasing production through horizontal expansion. Farmers use more inputs neglecting eﬃciency due to
subsidy on inputs in developing countries [11]. In this
context, improvement in technical eﬃciency (TE) might be
an appropriate means to increase the yield. Eﬀorts to improve the existing technologies would be more cost eﬀective
than that of discovering new technology for the increment of
yield in developing countries [12]. Farmers who are technically eﬃcient will be able to produce maximum output
from a given level of input [13]. Hence, this study aims at
assessing TE of maize seed production, which is a crucial
input to realize the overall improvement in maize yield,
thereby production, and determine the important determinants of TE.

2. Materials and Methods
2.1. The Study Area and Sampling. Palpa, the leading district
in the mid-hills for maize seed production, was selected for
this study [14]. The District Agriculture Development Oﬃce
(DADO) provided the list of maize seed farmers. The list
included 260 maize seed farmers producing maize seed
through their involvement in maize seed producing cooperatives or farmer groups. The sample size, i.e., 182 constituting 70% of the population, is determined using the
Raosoft software at 95% conﬁdence level. A simple random
sampling technique was adopted for sample selection. A
pretesting was done among 10 respondents to make necessary corrections and modiﬁcations in the questionnaire
before its administration to actual respondents in June 2016.
A Focus Group Discussion (FGD) and Key Informant Interview (KII) were also conducted to collect and verify the
responses received from the ﬁeld surveys.

associated with TE. The stochastic frontier production
model can be run independently [17, 18] as
ln qi � xi b + vi − ui .

(2)

Equation (2) is identical to equation (1) except vi . Here,
vi (symmetric random error) is added to account for statistical noise, which arises from the inadvertent omission of
relevant variables. Equation (2) is a stochastic frontier
production method. The output values are bounded by the
stochastic variable exp (xib + vi ). The stochastic frontier
production method is widely applied to estimate TE [19].
The following equation shows the stochastic production
frontier model:
ln Y � a + b1 ln X1 + b2 ln X2 + b3 ln X3 + b4 ln X4
+ b5 ln X5 + b6 ln X6 ,

(3)

where Y � yield (kilogram (kg)/ha), X1 � seed sown (kg/ha),
X2 � FYM used (kg/ha), X3 � chemical fertilizer used (kg/ha),
X4 � labor used (man-days/ha), X5 � tractor (hour/ha),
X6 � bullock (days/ha), a � intercept, and ln � natural
logarithm.
The most common output-oriented measure of TE
presented is as follows:
qi
exp x′iβ + vi − ui 
TEi �
�
� exp −ui .
exp x′iβ + vi 
exp x′iβ + vi 
(4)
Here, TE is the ratio of the observed output to the
corresponding stochastic frontier output. It measures the
output of the farm relative to the output that can be produced by a fully eﬃcient farm using the same input vector.
The estimated TE score is categorized in an interval of 0.1
(10%).
2.3. Tobit Regression Model Analysis. TE is a case of a limited
dependent variable as its value ranges from 0 to 1. Estimating
the model using Ordinary Least Square (OLS) regression
produces inconsistent and biased estimates in such cases
[20]. The OLS underestimates the true eﬀect of explanatory
variables by reducing the slope. Tobit regression employing
the maximum likelihood estimation is widely adopted to
estimate the factor aﬀecting TE [21, 22]. The equation of the
Tobit model used is presented as follows:
Y∗i � Xi bi + ei ,

(5)
th

Y∗i

2.2. Technical Eﬃciency Assessment. The methodology to
assess TE is adopted from Coelli et al. [15]. A Cobb–Douglas
production function is considered to estimate the stochastic
frontier production [16] as follows:

is a latent variable, i.e., TE, for the i maize seed
where
farmer and the value is censored at 0 and 100 as TE values
are transformed to percentage. Xi are the explanatory variables used in the model, bi are the estimated coeﬃcients, and
ei is the distributed error term which is assumed to be
normally distributed with zero mean and constant variance.
In this study, the Tobit model is speciﬁed as follows:

ln qi � xi b − ui ,

Y � b0 +  bn Xn + e,

(1)

where qi represents the output, xi is K∗1 vector which
contains the logarithms of inputs, b is a vector of unknown
parameters, and ui is nonnegative random variable which is

15

(6)

n�1

where Y � technical eﬃciency, X1 � gender of the household
head, X2 � age of the household head, X3 � schooling year of
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the household head, X4 � occupation of the household head,
X5 � number of educated members in the household,
X6 � family type, X7 � experience in maize seed production,
X8 � migration of the household member, X9 � type of seed
produced, X10 � seed source, X11 � access to extension service X12 � access to credit, X13 � membership in social
groups, X14 � livestock holding, X15 � share of maize seed
cultivation area in total cultivated area, b0 � constant,
bn � coeﬃcient of respective variables, and e � error term.

category is broadly divided into two groups based on the
farm size. Farmers having more than 0.32 ha, which is
equivalent to the average land area under maize seed cultivation, are categorized as large scale, whereas those having
less than 0.32 ha are categorized as small scale. There are
about 39% households under large scale and 61% households
are small-scale farmers.

3. Results and Discussion

3.2.1. Stochastic Frontier Production Model. The signiﬁcant
Wald chi-square value indicates the explanatory variables
included in the stochastic frontier production model suﬃciently describe the variation in the yield of maize seeds
(Table 3). A yield of maize seeds increases by 0.38% and
0.29% in response to a percentage increase in the number of
labors and amount of seeds, respectively. The increase is
statistically signiﬁcant at one percent level of signiﬁcance.
Similarly, a percentage increase in the quantity of FYM
increases maize yield by 0.04%, which is statistically signiﬁcant at ﬁve percent level of signiﬁcance. Use of chemical
fertilizers and tillage by tractors has a positive eﬀect on maize
yield, although statistically nonsigniﬁcant.

3.1. Socioeconomic and Demographic Characteristics of Maize
Seed Farmers. In the context of Nepal, the household head is
supposed to be the major decision maker in the family. Age
and schooling years of the household head have a signiﬁcant
positive eﬀect on the yield, mainly driven by a better access
and rational use of the available resources. With respect to
age, the average age of the household head is 56.77 years
(Table 1). Similarly, the average schooling year of the
household head is 5.51. The experience of growing maize
seed production is 6.63 years. The household size ranges
from a single member to 16 members with an average of
5.41. The average male and female members in the household are 2.81 and 2.60, respectively.
The number of family members falling under the economically active age group, i.e., age group between 15 and 60
years, suggests the labor available in the household. The
average size of economically active members is 3.59. The
dependency ratio is 0.62, which indicates that an economically active member must support 0.62 dependent members. The average number of educated members in the
household is 4.8. The average landholding of the household
is 0.91 ha, which is higher than the national average
(0.68 ha). The average area in terms of lowland and upland is
0.17 and 0.43 ha, respectively. Almost one-third of the land
possessed are Khoriya, which is a marginal land not considered as a cultivable land. Maize is mainly cultivated in the
upland. This shows the land type in the study area favors the
cultivation of maize. However, the geography of the area
restricts the use of available land for cultivation. Only
around 54% of the land is under cultivation. The average area
under maize seed cultivation in the study area is 0.32 ha. A
standardized unit of livestock, i.e., Livestock Standard Unit
(LSU) cattle equivalent, is used to estimate the livestock
holding of households. The average livestock holding is 3.05
LSU.
Around 74.2% of the sampled households are maleheaded and the rest are headed by females (Table 2).
Brahmin/Chhetri (68.7%) is dominating caste groups followed by Janajati (20.9%) and Dalit (10.4%). The major
occupation is agriculture (92.3%), followed by government
service (4.4%), private services (2.7%), and wages (0.5%).
There are 50.5% and 49.5% joint and nuclear family
household, respectively. Labor is considered as an active
factor of production. The migration of household members
to abroad might lead to the decrease in manpower in agricultural activities. About 42.3% of households have at least
one member away from their home, migrated abroad. Farm

3.2. Technical Eﬃciency Assessment

3.2.2. Technical Eﬃciency of Maize Seed Production. The
majority of the maize seed farmers (29.1%) are operating at a
technical eﬃciency level of >0.8-0.9 followed by 28.6% at
>0.7-0.8 (Figure 1). The statistically signiﬁcant value of the
Pearson chi-square (14.78) at ﬁve percent level of signiﬁcance indicates the signiﬁcant diﬀerence in a distribution of
farmers among the eight categories of TE.
The average TE of maize seed production is 0.71 (71%),
and the value ranges from 0.25 to 0.92 (Table 4). The value of
TE (71%) indicated that there is still scope for increasing the
production by 29% using the existing technologies and
available resources in the study area. TE of maize seed
production is moderate in Palpa compared to TE reported
by other studies around the world [7, 23, 24]. However, TE is
relatively less compared to TE of rice/rice seed and hybrid
maize growers in Nepal [25–28]. The better allocation of
resources helps in increasing yield and thereby production.
The farmers should focus on the wise use of existing resources and technology to generate higher maize seed
production.
3.3. Factors Aﬀecting the Technical Eﬃciency of Maize Seed
Production. It is incomplete to make a conclusion and
recommend a better policy based only on TE estimation.
Identifying the sources of variation in TE is essential. Tobit
model is used to assess the sources of variation in TE and
their marginal eﬀect. The explanatory variables included in
the model have a good explanatory power with the statistically signiﬁcant value of the likelihood ratio, i.e., LR
chi2(15) 40.61 (Table 5). All signiﬁcant variables have positive eﬀects on TE. A year increase in age of the household
head will increase TE by 0.2% (signiﬁcant at ﬁve percent level
of signiﬁcance). An increase in age would increase the
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Table 1: Socioeconomic and demographic characteristics of the sampled households (continuous variables).

Variables
Age of the household head (year)
Schooling year of the household head (year)
Experience in maize seed production (year)
Household size
Male members of household
Female members of household
Economically active members
Dependency ratio
Number of educated members in household
Total landholding (ha)
Lowland (ha)
Upland (ha)
Khoriya (ha)
Land area under cultivation (ha)
Land area under maize seed cultivation (ha)
Livestock holding (LSU)

Mean (±standard deviation)
56.77 (±14.30)
5.51 (±4.69)
6.63 (±3.91)
5.41 (±2.72)
2.81 (±1.71)
2.60 (±1.46)
3.59 (±2.21)
0.62 (±0.62)
4.80 (±2.49)
0.91 (±0.79)
0.17 (±0.27)
0.43 (±0.30)
0.31 (±0.49)
0.49 (±0.36)
0.32 (±0.17)
3.05 (±5.63)

Table 2: Socioeconomic and demographic characteristics of the
sampled households (categorical variables).
Variables
Gender of the household head
Male
Female
Ethnicity
Brahmin/Chhetri
Janajati
Dalit
Occupation of the household head
Agriculture
Government service
Wages
Private service
Family type
Joint
Nuclear
Migration of the household member
Yes
No
Farm categories
Large scale
Small scale

Frequency

Percentage

135
47

74.2
25.8

125
38
19

68.7
20.9
10.4

168
8
1
5

92.3
4.4
0.5
2.7

92
90

50.5
49.5

77
105

42.3
57.7

71
111

39.01
60.99

maturity level. Hence, they can operate better and make
wiser allocation of resources, thereby increase the eﬃciency.
As farmers grow old, they collect more experience in
farming that makes them more eﬃcient [28, 29]. The elderly
farmers have a wealth of experience and therefore they are
more technically eﬃcient in production than their younger
counterparts.
The schooling year of household head has a positive
signiﬁcant association with TE. A year increase in the
schooling year of the household head increases TE by 0.7%
which is signiﬁcant at one percent level of signiﬁcance.
Similar results were reported in several related studies in
Nepal and around the world [21, 23, 26, 27, 29–36]. All
these studies show that an increase in schooling years of

the household head reduces ineﬃciency. Those who are
educated are better placed to receive, analyze, interpret,
and show a quick response to the new information. As the
household head is the major decision maker in the family,
more educated household heads actively adopt new
technologies such as improved seed mechanization, soil
conservation, and agronomic practices, which could
positively inﬂuence TE of maize seed production. Farmers
with a low level of education are reluctant to adopt improved farming techniques. Such farmers provide poor
supervision on their farms and are often very slow in
responding to emergencies such as the outbreak of crop
diseases or pests [27, 30].
Similarly, an increase in a year of experience in maize
seed production will increase TE by 0.49%, which is signiﬁcant at ﬁve percent level of signiﬁcance. Farmers having
more years of experience are better placed to acquire the
knowledge and skills necessary for choosing appropriate
new farm technologies over time. They can manage the ﬁeld
eﬀectively and allocate the resources wisely. Experience in
farming tends to increase farmers’ capacity to do better.
Hence, they inﬂuence TE positively and signiﬁcantly
[27, 36, 37]. With respect to seed source, use of the seed
sourced from the National Maize Research Program
(NMRP), which is the organization responsible for production of quality maize seeds and their distribution to the
farmers for further multiplication, will increase the TE by
4.76% compared to those who used the seed sourced from
other sources. This relationship is statistically signiﬁcant at
ﬁve percent level of signiﬁcance.
Similarly, it is evident that the farmers who have access
to extension service have higher TE by 6.62% compared to
those who are not having access to extension services. The
relationship is statistically signiﬁcant at ﬁve percent level
of signiﬁcance. The informal sources of teaching and
learning process through access to extension services
helped farmers in updating their farming ways, hence
positively inﬂuencing TE. Those farmers having access to
the extension service receive better knowledge about the
use of resources (inputs), technical knowledge about
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Table 3: Stochastic frontier production of maize seed production.
Variables
Log seed sown (kg/ha)
Log FYM used (kg/ha)
Log chemical fertilizer used (kg/ha)
Log labor used (man-days/ha)
Log tractor (hour/ha)
Log bullock (days/ha)
Constant
Sigma v
Sigma u
Sigma2
Lambda
Observations
Wald chi2 (6)
Prob > chi2
Log likelihood
Note.

∗∗∗

and

∗∗

Coeﬃcients
0.29∗∗∗
0.04∗∗
0.01
0.38∗∗∗
0.01
−0.01
4.41∗∗∗
0.27
0.48
0.31
1.78
182
76.50
≤0.001
−87.46

Standard error
0.11
0.02
0.01
0.08
0.01
0.01
0.41
0.04
0.07
0.06
0.10

z
2.69
2.40
1.45
4.93
0.95
−0.92
10.77

P value
0.007
0.016
0.146
≤0.001
0.341
0.357
≤0.001

Minimum
0.25

Maximum
0.92

indicate signiﬁcance at 1% and 5% levels, respectively.

Technical eﬃciency level

>0.9-1.0

1.6

>0.8-0.9

29.1

>0.7-0.8

28.6

>0.6-0.7

23.1

>0.5-0.6

8.8

>0.4-0.5

6.0

>0.3-0.4

1.6

>0.2-0.3

1.1
0

5

10

15

20

25

30

Percentage of farmers

Figure 1: Farmers operating at diﬀerent technical eﬃciency levels.

Table 4: Overall technical eﬃciency of maize seed production.
Variable
Technical eﬃciency

Observation
182

Mean
0.71

Standard deviation
0.13

6

International Journal of Agronomy
Table 5: Factors aﬀecting technical eﬃciency using the Tobit model.

Variables
Gender of the household head (male � 1, otherwise 0)
Age of the household head (year)
Schooling year of the household head
Occupation of the household head (agriculture � 1, otherwise 0)
Family type (joint � 1, otherwise 0)
Number of educated members in household
Experience in maize seed production
Migration of the household member (yes � 1, otherwise 0)
Type of seed produced (foundation seed � 1, otherwise 0)
Seed source (NMRP � 1, otherwise 0)
Access to extension service (yes � 1, otherwise 0)
Access to credit (easy � 1, otherwise 0)
Membership in social groups (cooperative � 1, otherwise 0)
Livestock holding (yes � 1, otherwise 0)
Share of a maize seed cultivation area in total cultivated area (%)
Constant
Number of observations
LR chi2(15)
Prob > chi2
Pseudo R2
Log likelihood
Correctly predicted
Note.

∗∗∗

and

∗∗

Coeﬃcient
−0.83
0.20∗∗
0.70∗∗∗
1.09
0.45
0.50
0.49∗∗
−2.54
2.52
4.76∗∗
6.62∗∗
2.67
−3.09
9.01∗∗
0.26∗∗
27.93∗∗∗
182
40.61
≤0.001
0.028
−704.998
70.97

Standard error
2.26
0.08
0.24
3.48
2.21
0.42
0.25
1.94
3.15
2.18
3.10
2.42
2.16
3.70
0.11
9.32

t value
−0.37
2.42
2.94
0.31
0.21
1.17
1.97
−1.31
0.80
2.19
2.14
1.11
−1.43
2.43
2.39
3.00

P value
0.713
0.017
0.004
0.754
0.838
0.244
0.050
0.193
0.425
0.030
0.034
0.270
0.155
0.016
0.018
0.003

indicate signiﬁcance at 1% and 5% levels, respectively.

maize seed production, and information about the market, which lead to better TE [33, 36]. Easy access to credit
has a positive eﬀect (2.67%) on TE, although statistically
nonsigniﬁcant. A credit helps the farmers to purchase the
required inputs and gather the required resources to
prepare their land on time before planting. A credit access
to farmers might act as an instrumental motivation to
produce more eﬃciently [34].
Livestock is often integrated with farming and is an
important source of soil nutrients in the mid-hills of Nepal.
The farmers who hold livestock have a higher TE by 9.01%
compared to those who do not. This suggests that the traditional practice of integrating farms with livestock can
ensure better TE in maize seed production. An increase in
the share of maize seed cultivation, which also serves as a
proxy for the land area under maize seed cultivation, by 1%,
will increase TE by 0.26%. Such positive relationships between production area and TE, mainly resulting from the
economy of scale, were also reported by other studies
[13, 23, 25, 29, 38].

with the age of the household head, schooling year of the
household head, experience in maize seed production,
seed source, access to extension services, livestock
holding, and the share of maize seed cultivation area to
the total cultivated area. A wise use of existing resources
and improvement of existing technologies will be more
cost-eﬀective rather than urging for new technology. The
better allocation and wise use of existing resources
(inputs) and technologies should be prioritized to
maximize maize seed production. Hence, intervention
programs should focus on improving the eﬃciency of
existing resources through better access to extension
services, motivating more educated households to involve in maize seed production, and encouraging farmers
to bring more areas under maize seed production. Thus,
farmers with better TE will be able to use the inputs more
eﬃciently and maximize the production; thereby, the
maize seed production will be a proﬁtable enterprise
contributing to the improvement of the economic condition and livelihood of farmers.

4. Conclusions

Data Availability

Improved seeds support the yield increase and thereby
the production of maize. Farmers involved in maize seed
production in Palpa have better access to extension
services. They have received a training and collected
better experience in maize seed production, hence having
a moderate TE (71%). There is a scope of improving the
eﬃciency by 29% using the existing resources and
technologies. Most of the farmers (29.1%) are operating
at higher TE level (>0.8-0.9 level). Tobit model analysis
revealed that TE has a positive signiﬁcant association

The data used for analysis in this paper can be made available
to the interested readers by the corresponding author upon
request.

Disclosure
The ﬁrst author received partial research support from the
Directorate of Research and Extension (DoREx), Agriculture
and Forestry University (AFU), Nepal, to collect data for this
study.

International Journal of Agronomy

Conflicts of Interest
The authors declare that there are no conﬂicts of interest
regarding the publication of this paper.

Acknowledgments
The authors would like to acknowledge enumerators (Dhiraj,
Vivek, and Aavash) for their assistance in data collection,
and all other helping hands also deserve our acknowledgment for their critical input in this research. We want to
express our sincere gratitude to the respondents for providing us the data crucial for this study.

References
[1] MoAD, Selected Indicators of Nepalese Agriculture and Population, Ministry of Agriculture Development (MoAD),
Kathmandu, Nepal, 2015.
[2] MoALD, Statistical Information on Nepalese Agriculture
(2018/19), Ministry of Agriculture and Livestock Development (MoALD), Kathmandu, Nepal, 2020.
[3] FAO, Country briefs: Nepal, Global Information and Early
Warning System, FAO, Country briefs: Nepal, Kathmandu,
Nepal, 2019, http://www.fao.org/giews/countrybrief/country.
jsp?code�NPL.
[4] S. F. Luque, A. G. Cirilo, and M. E. Otegui, “Genetic gains in
grain yield and related physiological attributes in Argentine
maize hybrids,” Field Crops Research, vol. 95, no. 2-3,
pp. 383–397, 2006.
[5] C. R. C. Vega, F. H. Andrade, V. O. Sadras, S. A. Uhart, and
O. R. Valentinuz, “Seed number as a function of growth. a
comparative study in soybean, sunﬂower, and maize,” Crop
Science, vol. 41, no. 3, pp. 748–754, 2001.
[6] A. S. Langyintuo, Maize Production Systems in Zimbabwe:
Setting Indicators for Impact Assessment and Targeting,
CIMMYT, Harare, Zimbabwe, 2005.
[7] B. W. Kibaara, “Technical eﬃciency in Kenyan’s maize
production: an application of the stochastic frontier approach,” M.Sc. thesis, Colorado State University, Fort Collins,
CO, USA, 2005.
[8] SQCC, National Seed Vision 2013–2025: Seed Sector Development Strategy, Seed Quality Control Centre (SQCC),
Lalitpur, India, 2013.
[9] H. Pullabhotla, G. Shreedhar, A. Ganesh-Kumar, and
A. Gulati, A Review of Input and Output Policies for Cereal
Production in Nepal, IFPRI Discussion Paper 01114, International Food Policy Research Institute (IFPRI), Washington
DC, USA, 2011.
[10] K. D. Joshi, C. Conroy, and J. R. Witcombe, Agriculture, Seed,
and Innovation in Nepal: Industry and Policy Issues for the
Future, IFPRI, Washington DC, USA, 2012.
[11] H. Jayaram, G. S. Chandrashekar, and L. Achoth, “An economic analysis of technical eﬃciency in rice cultivation in
Mandya: some issues in resource pricing,” Indian Journal of
Agricultural Economics, vol. 4, no. 4, pp. 677–682, 1992.
[12] B. Bravo-Ureta and R. E. Evenson, “Eﬃciency in agricultural
production: the case of peasant farmers in eastern Paraguay,”
Agricultural Economics, vol. 10, no. 1, pp. 27–37, 1994.
[13] S. Chiona, Technical and Allocative Eﬃciency of Smallholder
Maize Farmers in Zambia, M.Sc. thesis, University of Zambia,
Lusaka, Zambia, 2011.

7
[14] DADO Palpa, Annual Report 2013/14, District Agriculture
Development Oﬃce, Palpa, Nepal, 2014.
[15] T. J. Coelli, D. S. P. Rao, C. J. O’Donnell, and G. E. Battese, An
Introduction to Eﬃciency and Productivity Analysis, Springer
Science + Business Media, Inc., New York, NY, USA, 2005.
[16] D. J. Aigner and S. F. Chu, “On estimating the industry
production function,” The American Economic Review,
vol. 58, no. 4, pp. 826–839, 1968.
[17] D. Aigner, C. A. K. Lovell, and P. Schmidt, “Formulation and
estimation of stochastic frontier production function models,”
Journal of Econometrics, vol. 6, no. 1, pp. 21–37, 1977.
[18] W. Meeusen and J. Van den Broeck, “Eﬃciency estimation
from Cobb-Douglas production functions with composed
error,” International Economic Review, vol. 18, no. 2,
pp. 435–444, 1977.
[19] G. E. Battese, “Frontier production functions and technical
eﬃciency: a survey of empirical applications in agricultural
economics,” Agricultural Economics, vol. 7, no. 3-4,
pp. 185–208, 1992.
[20] D. Gujarati, Econometrics by Example, Red Globe Press,
London, UK, 2015.
[21] D. O. Nyagaka, G. A. Obare, J. M. Omiti, and W. Nguyo,
“Technical eﬃciency in resource use: evidence from smallholder Irish potato farmers in Nyandarua North District,
Kenya,” African Journal of Agricultural Research, vol. 5, no. 11,
pp. 1179–1186, 2010.
[22] G. A. Obare, D. O. Nyagaka, N. Wilson, and S. M. Mwakubo,
“Are Kenyan smallholders allocatively eﬃcient? evidence
from Irish potato producers in Nyandarua North District,”
Journal of Development and Agricultural Economics, vol. 2,
no. 3, pp. 78–85, 2010.
[23] E. W. Chirwa, Sources of Technical Eﬃciency Among Smallholder Maize Farmers in Southern Malawi, Wadonda Consult
Working Paper WC/01/03, Wadonda Consult Limited,
Zomba, Malawi, 2007.
[24] A. Abdulai and R. Eberlin, “Technical eﬃciency during
economic reform in Nicaragua: evidence from farm household survey data,” Economic Systems, vol. 25, no. 2,
pp. 113–125, 2001.
[25] S. P. Adhikari, K. P. Timsina, P. R. Brown, Y. N. Ghimire, and
J. Lamichhane, “Technical eﬃciency of hybrid maize production in Eastern Terai of Nepal: a stochastic frontier approach,” Journal of Agriculture and Natural Resources, vol. 1,
no. 1, pp. 189–196, 2018.
[26] A. K. Mishra, S. Shaik, A. R. Khanal, and S. Bairagi, “Contract
farming and technical eﬃciency: evidence from low-value and
high-value crops in Nepal,” Agribusiness, vol. 34, no. 2,
pp. 426–440, 2017.
[27] N. Khanal and K. L. Maharjan, “Technical eﬃciency of rice
seed growers in the Tarai region of Nepal,” Journal of Rural
Problems, vol. 49, no. 1, pp. 27–31, 2013.
[28] S. Piya, A. Kiminami, and H. Yagi, “Comparing technical
eﬃciency of rice farms in urban and rural areas: a case study
from Nepal,” Trends in Agricultural Economics, vol. 5, no. 2,
pp. 48–60, 2012.
[29] E. E. Msuya, S. Hisano, and T. Nariu, “An analysis of technical
eﬃciency of smallholder maize farmers in Tanzania in the
globalization era,” in Proceedings of the XII World Congress of
Rural Sociology of the International Rural Sociology
Association, Goyang, South Korea, December 2008.
[30] J. Njeru, Factors Inﬂuencing Technical Eﬃciencies Among
Selected Wheat Farmers in Uasin Gishu District, Kenya, AERC
Research Paper 206, AERC, Nairobi, Kenya, 2010.

8
[31] M. N. Asadullah and S. Rahman, “Farm productivity and
eﬃciency in rural Bangladesh: the role of education revisited,”
Applied Economics, vol. 41, no. 1, pp. 17–33, 2009.
[32] O. C. Ajewole and J. A. Folayan, “Stochastic frontier analysis
of technical eﬃciency in dry season leaf vegetable production
among smallholders in Ekiti State, Nigeria,” Agricultural
Journal, vol. 3, no. 4, pp. 252–257, 2008.
[33] I. C. Idiong, “Estimation of farm level technical eﬃciency in
smallscale swamp rice production in cross river state of
Nigeria: a stochastic frontier approach,” World Journal of
Agricultural Sciences, vol. 3, no. 5, pp. 653–658, 2007.
[34] P. S. Amaza, Y. Bila, and A. C. Iheanacho, “Identiﬁcation of
factors that inﬂuence technical eﬃciency of food crop production in West Africa: empirical evidence from Borno State,
Nigeria,” Journal of Agriculture and Rural Development in the
Tropics and Subtropics, vol. 107, no. 2, pp. 139–147, 2006.
[35] A. D. Alene and R. M. Hassan, “The determinants of farmlevel technical eﬃciency among adopters of improved maize
production technology in Western Ethiopia,” Agrekon,
vol. 42, no. 1, pp. 1–14, 2003.
[36] E. Seyoum, G. E. Battese, and E. M. Fleming, “Technical efﬁciency and productivity of maize producers in eastern
Ethiopia: a study of farmers within and outside the SasakawaGlobal 2000 project,” Agricultural Economics, vol. 19, no. 3,
pp. 341–348, 1998.
[37] M. D. Padilla-Fernandez and P. L. Nuthall, “Technical eﬃciency in the production of sugarcane in central Negros area,
Philippines: an application of data envelopment analysis,”
Journal of International Society for Southeast Asian Agricultural Sciences, vol. 15, no. 1, pp. 77–90, 2009.
[38] M. Gul, B. Koc, E. Dagistan, M. G. Akpinar, and O. Parlakay,
“Determination of technical eﬃciency in cotton growing
farms in Turkey: a case study of Cukurova region,” African
Journal of Agricultural Resources, vol. 4, no. 10, pp. 944–949,
2009.

International Journal of Agronomy

