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ABSTRACT

The size of the farm is an important factor that reflects the efficient utilization
of resources in farming. Therefore, this paper aims to investigate how the
farm size affects the cost efficiency of rice production during the Boro season
in Bangladesh. In particular, the analysis aims to estimate the concentration
of cost efficiency among the 240 small, medium, and large Boro rice growers
sampled in the Dinajpur district. Descriptive statistics were used to evaluate
the socioeconomic characteristics of rice farmers. A Cobb-Douglas type
stochastic cost frontier model was employed to figure out how the rice
farmers are cost-efficient. The sociodemographic factors that affect efficient
investment in rice production also have been identified. The results of the
study show a broad range of cost efficiency scores between 56.65 to 96.40%
for the worse to the best rice-growing farmer, respectively with an average
efficiency of 84.01%. The findings also show that the mean cost efficiency
level of small, medium, and large farmers was 83.30, 85.58, and 94.43%,
respectively. The land rental fees, human labor wages, irrigation prices, and
pesticide prices are the key factors that contribute to the productivity of rice
cultivation. The relatively higher level of cost efficiency among large farmers
obviously demonstrates the notion that only large farmers in the study region
are investing efficiently in rice growing. Irrespective of the farm size, the cost
efficiency drivers found out that more efficient were the farmers who had
more experience in farming, obtained training on rice production techniques,
and better access to institutional credit. It is therefore recommended that rice
farmers should be well trained, provided credit access along with developing
rural set-up, and also provide extension services in order to increase the cost
efficiency levels in Boro season.

Keywords: Cost effective, rice, farm size, stochastic frontier analysis,
Bangladesh
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1 Introduction
The predominance of agriculture in Bangladesh is vis-
ible from its contribution to economic progress and
the generation of employment (Sarker et al., 2019).
The agriculture sector contributes almost 10.25% to
the GDP and recruiting about 40% of the labor force

of the nation (BBS, 2020). There are three concurrent
crop seasons in Bangladesh, where paddy is culti-
vated in about 42% of the land during Boro season
and it accounts for the production of 19.56 million
tons of clean rice, which is around 54% of the total
production of the country (BBS, 2020). On the other
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hand, by 2050 this country’s population is estimated
to exceed 215 million and the nation would have to
grow additional 10.8 million tons of rice (Hussain,
2010). It is therefore a major challenge to provide
sufficient food through diminishing land and many
other scared supplies to feed the future with the ever-
growing population of the country (Rahaman et al.,
2018). Hence, rice becomes the most vital crop in
the political economy of Bangladesh (Rahman et al.,
2020).

Moreover, agriculture is highly vulnerable to cli-
mate change (Rahman MC, 2015). Bangladesh agri-
culture suffers from several issues, such as limited
and scattered land holdings, natural hazards, increas-
ing temperatures, irregular and unpredictable rain-
fall, winter shortening, rising sea level, rice mono-
cropping, and low profitability in rice cultivation
(Mondal et al., 2012). In comparison to crop yields,
on-farm and research stations vary because of varia-
tions in the operational conditions of farmer’s field
and research stations. According to FAO (2014), such
wide inequalities are apparent from high inefficiency
rates in the usage and allocation of farm capital at
the farm stage. The significant yield variations are
associated with environmental, social, and political
influences, as well as a rising population causing dif-
ficulties for the re-allocation of competitive capital
across farms (Norton et al., 2009).

Despite the fact that certain inefficiencies exist, it
is impossible to ignore the function of agriculture in
alleviating poverty and food protection. Also, the
development in agriculture that involves rising farm
productivity plays a major role in the battle against
rural poverty and hunger (Valdes and Foster, 2010;
Wiggins et al., 2010). Besides, due to the increasing
scarcity of agricultural land, agriculture faces a new
challenge of ensuring productivity with a compar-
atively limited resource. The World Bank’s study
illustrated that with growing land shortages and in-
creasing population the sustainability of agriculture
is fundamentally attached to the productive utiliza-
tion of the capital at our disposal (Bank, 2007). Rice
production is marginally profitable in Bangladesh.
Nevertheless, the country already attained rice self-
sufficiency (Jalilov et al., 2019). One of the drivers
of this sufficient production is the government sup-
ports and input subsidy. However, foreign donors
and international aid agencies have criticized certain
Bangladeshi policies, including fertilizer subsidies
and the price support program, owing to their inef-
fectiveness in achieving target levels of sustainable
food security (Ahmed et al., 2009). An important
question arises that how is the farmers efficient in rice
cultivation under the subsidized cultivation. Most
importantly, to clarify the argument of donors, it is
important to investigate how the farmers are cost effi-
cient in rice production and find out the factors that
reflect the levels of efficiency.

Cost effective use of resources and its factors
specific is essential to make the decision and better
farming activities. For example, in Vietnam, Tung
(2013) observed that farmers need to modify their
farm plans and ’expand their output’ owing to im-
proved rice production. On the other side, farmers in
Bangladesh not just need to become more efficient in
agricultural practices though also have to be respon-
sive to the factors of demand, so that limited assets
are used effectively to increase both productivity and
profitability and to provide the commercial market
with supplies. In addition, productivity increases will
have a major impact on increasing farm income.

Several preceding studies on assessing the rice
farmers’ efficiency in Bangladesh have been pub-
lished, focusing narrowly on data coverage and con-
centrating primarily on measuring only technical effi-
ciency (Rahaman et al., 2019; Siddique et al., 2020;
Hasnain, 2015; Rahman MC, 2015; Rahman et al.,
2012; Zahidul Islam et al., 2012; Wadud and White,
2000). Coelli et al. (2002) utilized a non-parametric
approach to determine efficiencies in terms of tech-
nical, allocative, costs, and scale. The result indi-
cates that for modern rice in Bangladesh, technical
efficiency ranged from 74 to 82%, though allocative
performance reported 81%. Rahman (2003) indicates
that profit efficiency in modern rice processing is 77%,
suggesting how a further 23% of benefits are wasted
triggered by an amalgamation of technical, alloca-
tive, and scale inefficiency. Nargis and Lee (2013)
used Data Envelopment Analysis to measure efficien-
cies and found technical efficiency 0.93%, allocative
efficiency 0.82%, cost efficiency 0.69%, and scale effi-
ciency 0.90%.

With this given context, the current research ap-
plied a parametric stochastic frontier approach (SFA)
to evaluate the levels of cost efficiency of Boro rice-
producing small, medium, and large farmers’ in the
Dinajpur district. As well as to test a hypothesis of
whether the farm size has a significant influence on
the farm the cost efficiency of the rice growers of the
study area. This research also investigated the ori-
gins and causes of rice farmers’ inefficiency in rice
production of the small, medium, and large farm-
ers’ during the Boro season. The connections among
the production, marketing information, and farmers’
household features are important to make rice farm-
ing much profitable to enhance farm-specific cost ef-
ficiency, which has not been well investigated in the
context of Bangladesh. Therefore, the findings of this
study would guide the policymakers in designing
policies that can contribute to the measures needed
to improve the nation’s potential for food production
efficiently.

Application of pendimethalin at label rate was
tolerable to all the tested wheat varieties.



Rahaman et al. Fundam Appl Agric 6(1): 67–77, 2021 69

2 Materials and Methods

2.1 Study location and data

The Northwestern (NW) part of Bangladesh is called
the ‘granary’ and is one of the leading paddy growing
areas. Dinajpur is a renowned district that is always
surplus in producing quality rice in the NW region
of the country (Siddique et al., 2020). Therefore, the
Dinajpur district was purposively chosen to fulfill the
objectives of this study. Through consultation with
the regional agricultural extension offices, Birganj and
Parbatipur Upazilas of the district were selected pur-
posively for farm level data collection. In total eight
Unions (four from each Upazila) were covered in the
study for an intensive survey of the rice farm house-
holds. To measure the cost efficiency of Boro season
rice production, the sample farm households were
selected randomly. The random sample selection was
performed from a comprehensive list of rice farmers
provided by the Department of Agricultural Exten-
sion (DAE). The households’ plot-level data of rice
cultivation were collected using a standardized pre-
tested questionnaire. Thirty farmers from different
categories (farm size) from each Unions were inter-
viewed in this study that comprises a total of 240 sam-
ple rice farm households. Rather than proportional,
the sampling has considered the purpose of the study.
The detailed sampling frame has been presented in
Table 1.

2.2 Theoretical concept

Stochastic Frontier Approach (SFA) was employed
to measure Cost Efficiency (CE). Because of its para-
metric nature and supremacy over other approaches,
the methodology was selected. The SFA has been
preferable above the non-parametric Data Envelop-
ment Analysis (DEA) because it uses the maximum
likelihood method, which delivers better results than
the DEA focused on statistical programming (Coelli
et al., 2005). In performance studies, Erkoc (2012), and
Zhang and Garvey (2008) compared the Data Envel-
opment Analysis and Stochastic Frontier Approach
were found a clear link between the two approaches
output estimations. On the other hand, Coelli (1995)
shows in comparison that SFA can handle the stochas-
tic noise and allows hypothesis testing to measure
inefficiency. Islam (2016) used the stochastic frontier
cost efficiency model to calculate the cost efficiency
of rice production in Bangladesh as it offers better re-
sults and explanations. Hence we have also selected
the SFA to evaluate the cost efficiency of Boro sea-
son rice production. The stochastic cost function was
used to measure cost efficiency. The stochastic cost
function structure is laid out in equation (1):

Ci = F (Yi, Xi, β) exp(εi) (1)

where, i = 1, 2, . . . , n farms, Ci is the cost of rice cul-
tivation for the ith farm, Xi is the input price and
cost of i farm. Yi is the output of the ith farm and εi
is the expression for the error that could be decom-
posed into vi + ui. Ui represents the parameter for
inefficiency and vi is the random stochastic variable.
Whereas β is a vector of production-related parame-
ters. F(.) represents the functional association among
price, costs, and production.

The equation (1) can be asserted by decomposing
error term as:

Ci = F (Yi, Xi, β) exp(vi + ui) (2)

The cost efficiency levels of a farm can be attained
as a ratio of the minimum total cost of cultivation (C∗)
to the real total cost of cultivation (C) measured as
stated in equation 3.

CE =
C∗i
Ci

(3)

where CE = cost efficiency; C∗ represents the cost
of cultivation in an optimal situation where CE is
attained and C signifies the real cost the particular
farmer has sampled. Therefore it can be rewritten as:

CE =
(Yi, Xi, β) exp(vi + ui)

(Yi, Xi, β) exp(vi)
= exp(ui) (4)

which represents the ith farm’s cost efficiency of rice
production. Bravo-Ureta and Pinheiro (1997), and
Ahmed and Melesse (2018) stated that like technical
efficiency, cost efficiency also assumes values from 0
to 1, where cost efficiency of 1 implies a cost-effective
farm. If C∗i = Ci, then a farm can be efficient in cost-
ing. Whereas if C∗i < Ci, means a farm running into
inefficiency level.

The cost inefficiency level of a farm can be ob-
tained from equation 5.

ui = Kiδ + wi (5)

where Ki is a vector of the cost inefficiency effect re-
lated response variables; δ is an undefined parameter
need to be assessed; and wi is a random variable that
is undefinable. The cost efficiency influence by the
variables within K which represents the parameter.
A positive effect on cost efficiency and vice versa is
indicated by a negative value.

2.3 Empirical model

The cost efficiency model specification used during
the analysis contained eight inputs and production
variables as the main determinants of the costs. These
variables for the cost efficiency model were rental
charge of the land, price of labor, seed, fertilizer, cost
of pesticide, irrigation, land preparation, and thresh-
ing.
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Table 1. Sampling distribution according to the farm size

Upazilas No. of unions Number of sampled farmers

Small Medium Large Total

Birganj 4 18 × 4 = 72 8 × 4 = 32 4 × 4 = 16 120
Parbatipur 4 18 × 4 = 72 8 × 4 = 32 4 × 4 = 16 120

Source: Prepared by the authors

As proposed by Aigner et al. (1977), Kumbhakar
and Lovell (2000), and Coelli et al. (2005), this analysis
follows the approach of measuring cost function us-
ing SFA. The cost function is as set out below utilizing
the double-log form in equation (6)

lnCi = α + β1lnY1 + β2lnX1 + β3lnX2+

β4lnX3 + β5lnX4 + β6lnX5+

β7lnX6 + β8lnX7 + β9lnX9+

vi + ui

(6)

where Ci is ith farms observed production cost of
Boro paddy, Yi is ith farms production (kg ha−1), X1
is a land rental cost (Tk ha−1)), X2 is the wage of hu-
man labor (Tk man-days−1), X3 is the price of seed
(Tk kg−1), X4 is the price of fertilizer (Tk kg−1), X5
is the cost of irrigation (Tk ha−1); X6 is the cost for
land preparation (Tk ha−1), X7 the cost of threshing
(Tk ha−1) and X8 is the cost of pesticide (Tk ha−1).
Also vi represents disturbance term while ui is the
ith farm characteristics attached to the farm-specific
inefficiency. β1 to β9 are the parameters need to be es-
timated. The criterion of linearity of the homogenous
degree 1 should be fulfilled in the cost frontier model.
That is, ∑8

j=1 β j = 1 (Islam and Fukui, 2018).
The Cobb–Douglas stochastic frontier approach

was selected based on the assumption that, as the
cost function case, it allows that the function is self-
dual. Therefore, this presumption is the foundation
of our research. The equation (6) was calculated by
fitting the unrestricted production functions of the
Cobb-Douglas (CD) form. The unrestricted CD out-
put function was adopted to evaluate over 2 inputs
used in the production process, due to its ease of
measurement and the ability to be expanded easily
(Debertin, 2012).

2.4 Inefficiency effect model

The consequences of cost inefficiency are believed to
be linearly related to the characteristics of the pro-
ducers. Some socioeconomic indicators were incorpo-
rated into the model to assess their possible impact on
the inefficiency of farms. The following analytical ex-
pression was used to measure the Boro rice growing
farmer’s inefficacy as follows:

lnCi = δ0 + δ1Z1i + δ2Z2i + δ3Z3i+

δ4Z4i + δ5Z5i + δ6Z6i+

δ7Z7i + δ8Z8i + wi

(7)

where Z1 = Age of the farmers (yr); Z2 = Schooling
of the farmer (yr); Z3 = Farming experience of the
farmer (year); Z4 = Farm size (ha); Z5 = Extension
service dummy (1 for received extension service and
0, otherwise); Z6 = Training dummy (1 for received
training and 0, otherwise); Z7 = Credit dummy (1 for
credit is taken for rice cultivation in Boro season and
0, otherwise); Z8 = Agricultural programs dummy (1
for watching and/or listening and 0, otherwise); and
δ0, . . . , δ8 are unknown parameters to be calculated
and wi = random errors.

Utilizing likelihood-ratio we also check the exis-
tence of cost inefficiency, which is as follows:

λ = −ln
(

H0

HA

)
(8)

where λ is the likelihood ratio statistics estimated
from the values of the likelihood ratio under the null
hypothesis (H0) and the alternate hypothesis (HA).
Microsoft Excel has been used to compile and edit
the farm level data obtained from paddy growers. Fi-
nally utilizing the STATA program estimates the cost
function and inefficiency model parameters.

3 Results and Discussion

3.1 Socioeconomic features of the rice
farmers

Table 2 provides a description of the sampled respon-
dents’ socioeconomic and demographic details in the
area of study. The table shows that most of the re-
spondents belong to the age group 31 to 50. Farmer’s
age performs a vital role in the management of their
agricultural operations. Mostly younger farmers are
embracing emerging technology more rapidly than
their older peers. The average size of the family was
5.35, a bit higher than Bangladesh’s national average
(4.30) (BBS, 2016). The most typical family size is 4 to
6 persons with 53.71% being male and 46.29% being
female. It was reported that 43.75% of respondents
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had primary education while 26.25% did not have for-
mal schooling. Survey results also indicate that the
respondents had 60% small, 27% medium, and 13%
large farms; and the prime occupation of around 77%
was farming in the study area. On average, farming
experience ranged from 21 to 30 years for 42.25% of
farmers. The extension service is a very important
institutional feature in the agriculture sector. In the
study area, about 65% of farmers received extension
service. While only 15.35% of farmers receive rice
production-related training. Results also indicate that
8.75% of farmers taken credit from different sources
for rice cultivation. On average 21.50% of farmers of
the study areas watching agricultural programs. Typ-
ically, around 11.25% of respondents have also been
involved as members of various social organizations.

3.2 Estimation of the stochastic frontier
cost function

The Cobb-Douglas stochastic cost frontier model pa-
rameter estimation is shown in Table 3. The results
of the model show the variance parameters sigma
squared (σ2) and gamma (γ) statistically significant.
The large and significant variance ratio parameter
gamma (γ) infers that roughly 95% of the gap be-
tween the observed production cost and maximum
cost investment is induced by variations in the degree
of cost efficiency of farmers as compared to typical
random variability. This proves that amongst paddy
growing farmers there is a high level of inefficiency.
The significance of the σ2 (0.134 at 1%) is suggest-
ing a better fit of the model (Rahman, 2003; Islam,
2016). The findings further suggest that the coeffi-
cients of output, land rent cost, the wage of human
labor, cost of irrigation, and cost of pesticide were
significant and positive, indicating that if a rise in the
extent of such variables may result in a subsequent
rise in the cost of Boro rice production. The findings
of this study are very much consistent with Okello
et al. (2019), Souleymane (2015), and Magreta et al.
(2013).

3.3 Distribution of efficiency scores

The frequency distribution of the Boro rice-growing
farmers’ cost efficiency is presented in Table 4. The
results show a broad range of cost efficiency between
56.65 to 96.40% for the worse to the best rice-growing
farmers, respectively. Observing large variation is not
unexpected in cost efficiency scores and comparable
to the findings of Magreta et al. (2013), Souleymane
(2015), and Backson et al. (2020).

The mean cost efficiency score is 84% suggesting
that the average rice-growing farmers would improve
efficiency further 16% by rising their technical and
allocative efficiency. Even after a large deviation in

efficiency level, approximately 72.5% of Boro rice pro-
ducing farmers driven closer to the CE level of 80%
and beyond (Table 4). The least cost effective and
average efficient Boro rice growers require an effi-
ciency improvement of 41.23% [(1− (56.65/96.4)× 100]
and 12.86% [(1− (84.006/96.4) × 100] respectively, to
achieve the level of the foremost farmers’ efficiency in
the surveyed region. Around the other side, to be on
the frontier, the best producer can improve efficiency
by 3.60% [(1− (96.4/100)× 100].

The mean CE score of the rice farmers according
to their farm size has been presented in Table 5. The
findings show that CE is proportional to the size of
the farm. The large farms on average achieved the
highest CE (94.43%) followed by medium (85.58%)
and small (83.30%) farms. This is because larger farms
can allocate resources more efficiently in the produc-
tion process. This is also supported by the findings of
Blazejczyk-Majka et al. (2012) and Mburu et al. (2014).

3.4 Sources of inefficiency

The variables that are responsible for the cost inef-
ficiency in rice farming have been presented in Ta-
ble 6. It is noteworthy that as a result of the interpre-
tation of the inefficiency model the sign of the coeffi-
cient is very substantial. Abu and Kirsten (2009), and
Galawat et al. (2012) suggested that the decrease of
the factors cost ineffectiveness can be identified by
the negative sign of the coefficient, and conversely.
Assa et al. (2012) further proposed that an opposite
sign of the results interpreted the cost efficiency and
not the inefficiency of the coefficients.

The age coefficient was positive and significant at
the level of 10%, which implies that has no beneficial
impact in increasing the cost efficiency of the farmers;
it may also raise the inefficiency. The reason could
be because the older farmer has less possibility of
accepting modern approaches and new technologies.
Besides that, youthful farmers having some institu-
tional education thus could help to collect knowl-
edge and exploring modern techniques that will po-
tentially improve the efficiency of the rice growers.
Whereas significant and negative coefficient of ex-
perience denotes that the experienced rice growing
farmers tend to be highly productive. This means
the inefficiency will decline as farm operators’ experi-
ence grows. Therefore, increasing farmers’ expertise
leads to improve efficiency. That is because experi-
enced farmers can handle and distribute resources
more efficiently than less experienced farmers. It
has been found that all trained farmers are more ef-
ficient than non-trained farmers. This is apparent
from the significant negative coefficient of training
obtained. The findings comply with the results of
Backson et al. (2020), Konja et al. (2019), Trong and
Napasintuwong (2015), Souleymane (2015), Munir
et al. (2015), Sadiq and Singh (2015), Rahman (2012),
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Table 2. Socioeconomic profiles of sampled farmers in the Dinajpur district

Features Figure in percentage

Age of the respondents (years)
<30 18.75
31 - 40 30.00
41 - 50 33.75
51 - 60 14.1
>60 3.4

No. of family member
1-3 10.53
4-6 65.35
>6 24.12

Sex
Male 53.71
Female 46.29

Schooling (years)
No education 26.25
Primary 43.75
Secondary 20
Higher secondary 7.5
Graduation and above 2.5

Farm category* (acre)
0.05 - 2.49 60.00
2.50 - 7.49 27.00
≥7.50 13.00

Profession
Agriculture as main 76.61
Agriculture as secondary 23.39

Experience (years)
0-10 11.25
11-20 29.15
21-30 42.25
31-40 14.85
Above 40 2.50

Average rice production (t/ha) 6.36

Received extension service 65.00

Received rice production training 15.35

Credit took to rice cultivation 8.75

Agricultural programs watching and/or listening 21.50

Organizational membership 11.25

*Farm category small = 0.05-2.49 acre; medium = 2.50-7.49 acre; and large = 7.50 acre and above according to
the BBS (2020). Source of the data: Field survey, 2018.
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Table 3. Estimation of Maximum-likelihood of the cost frontier model

Variables Coefficient Standard Error

Intercept 3.843*** 0.789
Production 0.826** 0.338
Land rent cost 0.184*** 0.048
Wage of human labor 0.197*** 0.073
Price of seed 0.147 0.139
Price of fertilizer 0.103 0.069
Cost of irrigation 0.078* 0.032
Cost of land preparation 0.081 0.081
Cost of threshing 0.108 0.143
Cost of pesticide 0.112* 0.058

Variance parameter
Sigma squared σ2 0.134*** 0.028
γ 0.952*** 0.0004
Log-likelihood -274.45
Likelihood ratio † 45.05***
Homogeneity test ‡ 1.54
N 240
† H0 = σ2

u = 0; ‡ H0 = ∑8
j=1 β j = 1; Source: Author’s calculation. *, **, and *** indicates significance at 10,

5, and 1% levels, respectively.

Table 4. Boro rice-producing farmer’s cost efficiency frequency distribution

Cost efficiency (percentage) Number of farms Percentage

51-60 3 1.25
61-70 20 8.33
71-80 43 17.92
81-90 104 43.33
91-100 70 29.17

Total 240 100

Mean 84.07
Maximum 96.4
Minimum 56.65

Table 5. Mean Cost Efficiency scores by farm size

Farm size CE scores (%)

Small 83.3
Medium 85.58
Large 94.43
Overall 84.07
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Table 6. Determinants of cost inefficiency effect

Variable Coefficient Standard Error

Intercept 1.990** 0.829
Age 0.008* 0.004
Education 0.342 0.245
Experience -0.748** 0.312
Farm size 0.002 0.021
Extension service 0.011 0.024
Training received -0.053*** 0.019
Credit taken -0.062*** 0.020
Agricultural programs watching or listening 0.019 0.024

Source: Author’s calculation. *, **, and *** indicates significance level at 10, 5, and 1% respectively.

and Rahman (2003). By delivering adequate and effec-
tive training, the management capability of farmers
can be improved for the efficient functioning of farm-
ing activities. Shang et al. (1998) proposed that the
right combination of inputs and the most appropriate
method of cultivation should be decided primarily
by available resources, cost, and farmers’ manage-
ment capability. Backson et al. (2020), Temesgen and
Franklin (2017), Dang (2017), and Trong and Napas-
intuwong (2015) also drawn similar conclusions. The
credit coefficient also has a negative significance level
of 1%. The farmers face a shortage of operating ex-
penses mostly during the peak input price of Boro sea-
son. Farmers generally have to buy inputs at higher
prices, even though the officers have low market price
information. This reason is supported by the signifi-
cant negative credit coefficient, which implies that the
greater the availability of credit the higher the cost
efficiency. This is confirmed by Backson et al. (2020),
Wongnaa et al. (2018), Saysay et al. (2016), Biam et al.
(2016) and Magreta et al. (2013).

4 Conclusion

The study utilized stochastic cost frontier functions
to analyze the rice farmers’ cost efficiency in the Boro
season. The average efficiency level in Boro season for
modern rice farming is 84.01%, which means that sub-
stantial potential remains to improve cost efficiency
by increasing the efficient utilization of resources.
The study also found that the large farms on aver-
age achieved the highest CE (94.43%) followed by
medium (85.58%) and small (83.30%) farms. This is
because larger farms can allocate resources more effi-
ciently in the production process. Furthermore, this
result revealed that the major contributing factors to
the costs of rice cultivation are land rental charges, hu-
man labor costs, irrigation costs, and pesticide costs.
The socioeconomic and farm-specific factors utilize to
characterize inefficiencies clearly show that growers
with greater experience, greater access to credit, and
training on rice cultivation techniques appear to be-

come more efficient. The credit facilities for farming
should make it more affordable and simplify the crite-
ria for loan approval and delivery. They should also
consider electronic banking, and implement a mod-
ern, cost-effective distribution system. Farmers used
this to purchase the necessary agricultural supplies
for crop cultivation, including modern and approved
seeds, fertilizers, farming equipment, and pesticides,
which may increase efficiency. Farmers must there-
fore be provided with training, as training allows
farmers to acquire practical know-how for emerg-
ing technologies and technical information. Training
attendance has had an important and beneficial im-
pact on increasing the efficiency of rice farming more
cost effectively. Furthermore, improving rural infras-
tructure and reinforcing extension services would
influence the efficiency of Boro rice cultivation signif-
icantly.

Acknowledgments

The authors are indebted to the Department of Agri-
cultural Extension for supplying the list of rice farm-
ers in the Dinajpur district. We also appreciate all
the farmers who took part in the study. Last but
not least we acknowledged anonymous reviewers
who significantly contributed to the betterment of the
manuscript.

Conflict of Interest

The authors declare that there is no conflict of inter-
ests regarding the publication of this paper.

References

Abu O, Kirsten JF. 2009. Profit efficiency of small- and
medium-scale maize milling enterprises in south
africa. Development Southern Africa 26:353–368.
doi: 10.1080/03768350903086663.

http://dx.doi.org/10.1080/03768350903086663


Rahaman et al. Fundam Appl Agric 6(1): 67–77, 2021 75

Ahmed MH, Melesse KA. 2018. Impact of off-
farm activities on technical efficiency: evi-
dence from maize producers of eastern Ethiopia.
Agricultural and Food Economics 6. doi:
10.1186/s40100-018-0098-0.

Ahmed MI, Chowdhury MI, Raju NAM. 2009. Agri-
culture Subsidy: Govt. Pledge Vs IFIs’ Aversion.
Unnayan Onneshan, Center for Research and
Action on Development: Dhaka, Bangladesh.

Aigner D, Lovell CA, Schmidt P. 1977. Formulation
and estimation of stochastic frontier production
function models. Journal of Econometrics 6:21–
37. doi: 10.1016/0304-4076(77)90052-5.

Assa MM, Edriss AK, Matchaya GC. 2012. Unex-
ploited profit among smallholder farmers in cen-
tral Malawi: what are the sources? 0:83–95.

Backson M, Ibrahim M, Eric B. 2020. Analysis of eco-
nomic efficiency among smallholder sorghum
producers in Kenya. Journal of Development
and Agricultural Economics 12:95–103. doi:
10.5897/jdae2020.1162.

Bank W. 2007. World development report 2008: agri-
culture for development. The World Bank, Wash-
ington DC, USA.

BBS. 2016. Final report on Household Income and Ex-
penditure Survey. Bangladesh Bureau of Statis-
tics, Statistics and Information Division, Min-
istry of Planning, Government of the People’s
Republic of Bangladesh, Dhaka, Bangladesh.

BBS. 2020. Yearbook of Agricultural Statistics-2019.
Statistics and Informatics Division, Bangladesh
Bureau of Statistics, Ministry of Planning, Gov-
ernment of the People’s Republic of Bangladesh,
Dhaka, Bangladesh.

Biam CK, Okorie A, Nwibo SU. 2016. Economic effi-
ciency of small scale soyabean farmers in Central
Agricultural Zone, Nigeria: A Cobb-Douglas
stochastic frontier cost function approach. Jour-
nal of development and Agricultural Economics
8:52–58. doi: 10.5897/jdae2015.0688.

Blazejczyk-Majka L, Kala R, Maciejewski K. 2012. Pro-
ductivity and efficiency of large and small field
crop farms and mixed farms of the old and new
EU regions. Agricultural Economics 58:61–71.
doi: 10.17221/48/2011-agricecon.

Bravo-Ureta BE, Pinheiro AE. 1997. Technical,
economic, and allocative efficiency in peasant
farming: evidence from the Dominican Repub-
lic. The Developing Economies 35:48–67. doi:
10.1111/j.1746-1049.1997.tb01186.x.

Coelli T, Rahman S, Thirtle C. 2002. Technical, alloca-
tive, cost and scale efficiencies in Bangladesh rice
cultivation: A non-parametric approach. Jour-
nal of Agricultural Economics 53:607–626. doi:
10.1111/j.1477-9552.2002.tb00040.x.

Coelli TJ. 1995. Recent developments in frontier mod-
eling and efficiency measurement. Australian
Journal of Agricultural Economics 39:219–245.
doi: 10.1111/j.1467-8489.1995.tb00552.x.

Coelli TJ, Rao DSP, O’Donnell CJ. 2005. An Intro-
duction to Efficiency and Productivity Analy-
sis. Springer-Verlag, New York, USA. doi:
10.1007/b136381.

Dang NH. 2017. Profitability and profit efficiency
of rice farming in Tra Vinh province, Vietnam.
Review of Integrative Business and Economics
Research 6:191.

Debertin D. 2012. Agricultural production economics
(2nd Edition ed). Publishing Platform.

Erkoc TE. 2012. Estimation methodology of economic
efficiency: stochastic frontier analysis vs data
envelopment analysis. International Journal of
Academic Research in Economics and Manage-
ment Sciences 1:1.

FAO. 2014. The state of food and agriculture: innova-
tions in family farming. he Food and Agriculture
Organization of the UN, Rome, Italy.

Galawat F, Yabe M, et al. 2012. Profit efficiency in
rice production in brunei darussalam: A stochas-
tic frontier approach. Journal of the Interna-
tional Society for Southeast Asian Agricultural
Sciences 18:100–112.

Hasnain MN. 2015. Technical Efficiency of Boro Rice
Production in Meherpur District of Bangladesh:
A Stochastic Frontier Approach. American
Journal of Agriculture and Forestry 3:31. doi:
10.11648/j.ajaf.20150302.14.

Hussain SG. 2010. Assessing Impacts of Climate
Change on Cereal Production and Food Security
in Bangladesh. In: Climate Change and Food
Security in South Asia. Springer Netherlands. p.
459–476. doi: 10.1007/978-90-481-9516-9_8.

Islam MA. 2016. Comparative advantage and cost ef-
ficiency of rice-producing farms in Bangladesh:
A policy analysis. Journal of Rural Problems
52:85–96. doi: 10.7310/arfe.52.85.

Islam MA, Fukui S. 2018. Comparative advantage
and cost efficiency of rice-producing farms in
bangladesh: A policy analysis. Economics Bul-
letin 38:2431–2443.

http://dx.doi.org/10.1186/s40100-018-0098-0
http://dx.doi.org/10.1186/s40100-018-0098-0
http://dx.doi.org/10.1016/0304-4076(77)90052-5
http://dx.doi.org/10.5897/jdae2020.1162
http://dx.doi.org/10.5897/jdae2020.1162
http://dx.doi.org/10.5897/jdae2015.0688
http://dx.doi.org/10.17221/48/2011-agricecon
http://dx.doi.org/10.1111/j.1746-1049.1997.tb01186.x
http://dx.doi.org/10.1111/j.1746-1049.1997.tb01186.x
http://dx.doi.org/10.1111/j.1477-9552.2002.tb00040.x
http://dx.doi.org/10.1111/j.1477-9552.2002.tb00040.x
http://dx.doi.org/10.1111/j.1467-8489.1995.tb00552.x
http://dx.doi.org/10.1007/b136381
http://dx.doi.org/10.1007/b136381
http://dx.doi.org/10.11648/j.ajaf.20150302.14
http://dx.doi.org/10.11648/j.ajaf.20150302.14
http://dx.doi.org/10.1007/978-90-481-9516-9_8
http://dx.doi.org/10.7310/arfe.52.85


Rahaman et al. Fundam Appl Agric 6(1): 67–77, 2021 76

Jalilov SM, Mainuddin M, Maniruzzaman M, Alam
MM, Islam MT, Kabir MJ. 2019. Efficiency
in the Rice Farming: Evidence from North-
west Bangladesh. Agriculture 9:245. doi:
10.3390/agriculture9110245.

Konja DT, Mabe FN, Oteng-Frimpong R. 2019. Prof-
itability and profit efficiency of certified ground-
nut seed and conventional groundnut produc-
tion in Northern Ghana: A comparative analysis.
Cogent Economics & Finance 7:1631525. doi:
10.1080/23322039.2019.1631525.

Kumbhakar SC, Lovell CAK. 2000. Stochastic Fron-
tier Analysis. Cambridge University Press. doi:
10.1017/cbo9781139174411.

Magreta R, Edriss AK, Mapemba LD, Zingore S. 2013.
Economic efficiency of rice production in small-
holder irrigation schemes: A case of Nkhate irri-
gation scheme in Southern Malawi. 4th Interna-
tional Conference of the African Association of
Agricultural Economists, September 22-25, 2013,
Hammamet, Tunisia.

Mburu S, Ackello-Ogutu C, Mulwa R. 2014. Anal-
ysis of Economic Efficiency and Farm Size: A
Case Study of Wheat Farmers in Nakuru Dis-
trict, Kenya. Economics Research International
2014:1–10. doi: 10.1155/2014/802706.

Mondal MS, Islam AKMS, Madhu MK. 2012. Spatial
and temporal distribution of temperature, rain-
fall, sunshine, and humidity in context of crop
agriculture. Comprehensive Disaster Manage-
ment Program, Ministry of Food and Disaster
Management, Dhaka.

Munir MA, Hussain M, Imran MA, Zia S, Anwar H,
Ayub M, Rashid M, Jamil I, Ghaffar I. 2015. Anal-
ysis of profit efficiency in sugarcane production
in District Sargodha, Punjab, Pakistan. Inter-
national Journal of Economics, Commerce and
Management 9:649–658.

Nargis F, Lee SH. 2013. Efficiency analysis of
boro rice production in North-Central region
of Bangladesh. The Journal of Animal & Plant
Sciences, 23 (2) 23:527–533.

Norton GW, Alwang J, Masters WA. 2009. Economics
of Agricultural Development. Routledge. doi:
10.4324/9780203852750.

Okello DM, Bonabana-Wabbi J, Mugonola B. 2019.
Farm level allocative efficiency of rice produc-
tion in gulu and amuru districts, northern
uganda. Agricultural and Food Economics 7.
doi: 10.1186/s40100-019-0140-x.

Rahaman M, Haque S, Sarkar MAR, Sarker MR, Sid-
dique MAB, et al. 2019. The Role of Training, Ex-
tension and Education Facilities on Production
Efficiency of Rice Growers in Dinajpur District
of Bangladesh. International Journal of Agri-
cultural Science, Research and Technology in
Extension and Education Systems 9:91–98.

Rahaman M, Sarkar MAR, Deb L, Kabir MJ, Sarker
MR, Siddique M, Bakar A, et al. 2018. Economic
investigation of BRRI dhan29 and hybrid rice
production in Bangladesh: The case of Haor area.
International Journal of Natural and Social Sci-
ences 5:35–43.

Rahman KMM, Mia MIA, Bhuiyan MKJ. 2012. A
stochastic frontier approach to model techni-
cal efficiency of rice farmers in Bangladesh: An
empirical analysis. Agriculturists 10:9–19. doi:
10.3329/agric.v10i2.13132.

Rahman MC. 2012. Economic Study on Paddy and
Golda Farming in Polder 31 at Dacope Upazila
of Khulna District. Master of science disserta-
tion, Bangladesh Agricultutral University, My-
mensingh.

Rahman MC, Pede V, Balie J, Pabuayon IM,
Yorobe JM, Mohanty S. 2020. Assessing
the market power of millers and wholesalers
in the Bangladesh rice sector. JADEE doi:
10.1108/jadee-04-2018-0053.

Rahman S. 2003. Profit efficiency among bangladeshi
rice farmers. Food Policy 28:487–503. doi:
10.1016/j.foodpol.2003.10.001.

Rahman MC RM Miah TH. 2015. Effects of control-
ling saline water intrusion in an empoldered
area of Bangladesh. In Humphreys E, Tuong TP,
Buisson MC, Pukinskis I, Phillips M. Revitaliz-
ing the Ganges Coastal Zone: Turning Science
into Policy and Practices Conference Proceed-
ings. CGIAR Challenge on Water and Food
(CPWF), Colombo, Sri Lanka.

Sadiq MS, Singh IP. 2015. Application of stochastic
frontier function in measuring profit efficiency of
small-scale maize farmers in Niger State, Nige-
ria. Journal of Agricultural Economics, Exten-
sion and Rural Development 3:229–239.

Sarker MNI, Wu M, Chanthamith B, Yusufzada S, Li
D, Zhang J. 2019. Big data driven smart agricul-
ture: Pathway for sustainable development. In:
2019 2nd International Conference on Artificial
Intelligence and Big Data (ICAIBD). IEEE. doi:
10.1109/icaibd.2019.8836982.

Saysay JL, Gabagambi DM, Mlay GI. 2016. Profit effi-
ciency among smallholder rice farmers in Cen-
tral Liberia. Journal of Economics and Sustain-
able Development 7:2016.

http://dx.doi.org/10.3390/agriculture9110245
http://dx.doi.org/10.3390/agriculture9110245
http://dx.doi.org/10.1080/23322039.2019.1631525
http://dx.doi.org/10.1080/23322039.2019.1631525
http://dx.doi.org/10.1017/cbo9781139174411
http://dx.doi.org/10.1017/cbo9781139174411
http://dx.doi.org/10.1155/2014/802706
http://dx.doi.org/10.4324/9780203852750
http://dx.doi.org/10.4324/9780203852750
http://dx.doi.org/10.1186/s40100-019-0140-x
http://dx.doi.org/10.3329/agric.v10i2.13132
http://dx.doi.org/10.3329/agric.v10i2.13132
http://dx.doi.org/10.1108/jadee-04-2018-0053
http://dx.doi.org/10.1108/jadee-04-2018-0053
http://dx.doi.org/10.1016/j.foodpol.2003.10.001
http://dx.doi.org/10.1016/j.foodpol.2003.10.001
http://dx.doi.org/10.1109/icaibd.2019.8836982
http://dx.doi.org/10.1109/icaibd.2019.8836982


c© 2021 by the author(s). This work is
licensed under a Creative Commons.
Attribution-NonCommercial 4.0
International (CC BY-NC 4.0) License

The Official Journal of the
Farm to Fork Foundation
ISSN: 2518–2021 (print)
ISSN: 2415–4474 (electronic)
http://www.f2ffoundation.org/faa

Rahaman et al. Fundam Appl Agric 6(1): 67–77, 2021 77

Shang YC, Leung P, Ling BH. 1998. Comparative eco-
nomics of shrimp farming in asia. Aquaculture
164:183–200. doi: 10.1016/s0044-8486(98)00186-
0.

Siddique MAB, Salam MA, Chhiddikur M. 2020.
Estimating the Demand Elasticity of Rice in
Bangladesh: An Application of the AIDS Model.
Asian Journal of Agriculture and Rural Develop-
ment 10:721–728.

Souleymane O. 2015. Technical and economic effi-
ciency of rice production on the irrigated plain
of Bagre (Burkina Faso): A stochastic frontier
approach. Journal of Economics and Sustainable
Development 6:78–85.

Temesgen FB, Franklin S. 2017. Profit efficiency analy-
sis among groundnut farmers from malawi. Jour-
nal of Development and Agricultural Economics
9:278–288. doi: 10.5897/jdae2017.0774.

Trong PH, Napasintuwong O. 2015. Profit inefficiency
among hybrid rice farmers in Central Vietnam.
Agriculture and Agricultural Science Procedia
5:89–95. doi: 10.1016/j.aaspro.2015.08.013.

Tung DT. 2013. Changes in the technical and scale
efficiency of rice production activities in the
Mekong delta, Vietnam. Agric Econ 1. doi:
10.1186/2193-7532-1-16.

Valdes A, Foster W. 2010. Reflections on the
role of agriculture in pro-poor growth.
World Development 38:1362–1374. doi:
10.1016/j.worlddev.2010.06.003.

Wadud A, White B. 2000. Farm household efficiency
in Bangladesh: a comparison of stochastic fron-
tier and DEA methods. Applied Economics
32:1665–1673. doi: 10.1080/000368400421011.

Wiggins S, Kirsten J, Llambi L. 2010. The future of
small farms. World Development 38:1341–1348.
doi: 10.1016/j.worlddev.2009.06.013.

Wongnaa CA, Awunyo-Vitor D, Mensah A. 2018.
Profit efficiency of Ghana’s maize farmers. Con-
ference paper presented at the International As-
sociation of Agricultural Economists (IAAE) in
July-August. Vancouver, British Columbia.

Zahidul Islam KM, Sumelius J, Backman S. 2012.
Do differences in technical efficiency explain
the adoption rate of hyv rice? evidence from
bangladesh. Agricultural Economics Review
13:93–110.

Zhang T, Garvey E. 2008. A comparative analy-
sis of multi-output frontier models. Journal of
Zhejiang University-Science 9:1426–1436. doi:
10.1631/jzus.a0820121.

View publication statsView publication stats

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://www.f2ffoundation.org/faa
http://dx.doi.org/10.1016/s0044-8486(98)00186-0
http://dx.doi.org/10.1016/s0044-8486(98)00186-0
http://dx.doi.org/10.5897/jdae2017.0774
http://dx.doi.org/10.1016/j.aaspro.2015.08.013
http://dx.doi.org/10.1186/2193-7532-1-16
http://dx.doi.org/10.1186/2193-7532-1-16
http://dx.doi.org/10.1016/j.worlddev.2010.06.003
http://dx.doi.org/10.1016/j.worlddev.2010.06.003
http://dx.doi.org/10.1080/000368400421011
http://dx.doi.org/10.1016/j.worlddev.2009.06.013
http://dx.doi.org/10.1631/jzus.a0820121
http://dx.doi.org/10.1631/jzus.a0820121
https://www.researchgate.net/publication/350485826

	Introduction
	Materials and Methods
	Study location and data
	Theoretical concept
	Empirical model
	Inefficiency effect model

	Results and Discussion
	Socioeconomic features of the rice farmers
	Estimation of the stochastic frontier cost function
	Distribution of efficiency scores
	Sources of inefficiency

	Conclusion

