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Accepted: 2020/11/30 Introduction: The purpose of this study is to compare the
PP:147-163 experimental results obtained from estimating the technical and
profit efficiency of rice farmers in Guilan province and determining
the effect of efficiency improvement on pollution caused by overuse
of chemical fertilizers in 2018-2019.

Materials and Methods: For analysis of technical and profit
efficiency, the directional distance function has been used. Farms
were classified into three groups according to region (east, center
and west). Also, the farms were divided into 5 groups based on rice
varieties (Hashmi variety, Ali Kazemi variety, Shiroudi variety,
Jamshidi variety and Khazar variety). R, GAMS and Excel software
were used in this study.

Findings: The results showed that improving the technical efficiency
lead to the reduction of nutrients surplus discharged into the
environment. But, the profit efficiency mostly increases the amounts
of nutrients surplus discharged into the environment. Base on
results, technical efficiency improvement reduces the amount of
nutrients surplus discharged into the environment for Hashemi
variety by 3.5 to 38.8 kg/ha, Ali Kazemi variety by 0.4 to 23.3 kg/ha,
Jamshidi variety by 7.6 to 42 kg/ha, Khazar variety by 2.9 to 20.7
kg/ha and Shiroudi variety by 18 to 48.6 kg/ha.

Conclusion: If the rice farmers of Gilan province become technically
efficient, this will lead to the reduction of pollution in all areas.
Considering that the excessive use of chemical fertilizers leads to the
discharge of nutrients surplus into the environment, therefore
encouraging rice farmers to perform soil test and optimum use of
chemical fertilizers can lead to reduced pollution and increased
technical efficiency.

Use your device to scan and read
the article online

rE m}! E—.
s
DOL:

10.30495/jae.2022.24090.2134

Keywords:

Directional Distance Function,
Profit Efficiency, Technical
Efficiency, Rice Farmers of
Guilan Province

- Ahmadzadeh, S.S,, Amir;lejad, H., Yakani, S.A.H., Effect of Efficiency Improvement on Pollution
Caused by Overuse of Chemical Fertilizers of Rice Cultivation in Guilan Province: Agricultural Economics
Research. 2022; 14 (2): 147- 163.

*Corresponding Author: Hamid Amirnejad

Address: Department of Agricultural Economics, Agricultural Engineering College, Sari Branch, Sari
Agricultural Sciences and Natural Resources University, Sari, Iran.

Tell: 09111275328

Email: hamidamirnejad@outlook.com


https://portal.issn.org/resource/ISSN/2008-6407
https://portal.issn.org/resource/ISSN/2423-7248
mailto:hamidamirnejad@outlook.com

Effect of Efficiency Improvement on Pollution Caused by Overuse of Chemical Fertilizers of Rice Cultivation ...

Extended Abstract
Introduction

Rice is considered one of the most
important agricultural crops, which has the
largest cultivated area in the country after
wheat and cotton (1). Guilan province ranks
second in rice production in the country with
236,431 hectares of rice cultivation and
912,016 tons of paddy production (2). The
production and economy of rice in Gilan is
extremely important. Considering the
employment of more than 50% of the
residents of the province in rice cultivation
and Production of 31.2% of the country's
rice, full attention should be paid to the
cultivation of this product. One of the basic
issues in rice production is the introduction
of nutrients surplus from rice fields into the
environment, which is caused by the lack of
optimal use of chemical fertilizers (4, 27).
According to the studies, the surplus of
nutrients resulting from rice cultivation that
causes problems for human health is
nitrogen surplus (NS) and phosphorus
surplus (PS). A part of the surplus nitrogen
entering the environment causes pollution
of surface and underground waters with
nitrates, which are the most important
sources of drinking water, and the other part
that evaporates into the atmosphere as
ammonia will lead to acid rain. PS also
causes surface water pollution with
nutrients and harms fish and plant life (5).

Materials and Methods

The aim of this study is to estimate the
technical efficiency and profit efficiency of
rice production in Guilan province. For
analysis of technical and profit efficiency, the
directional distance function has been used
(19). In the present study, the efficiency of
farms along with material balance
conditions has been investigated (8).
Therefore, the efficiency analysis
emphasizes the reduction of nitrogen and
phosphorus production due to rice
cultivation systems, which can be achieved
through improving the efficiency in the use
of nutrients. Farms were classified into three
groups according to region (east, center and
west). Also, the farms were divided into 5
groups based on rice varieties (Hashmi
variety, Ali Kazemi variety, Shiroudi variety,
Jamshidi variety and Khazar variety). R,

GAMS and Excel software were used in this
study. The data was obtained using cross-
sectional data and completing the
questionnaires from 570 rice farmers in
Guilan province and the Rice Research
Institute in 2017-2018. First, Farms were
classified into three groups according to
region (east, center and west). Also, the
farms were divided into 5 groups based on
rice varieties (Hashmi variety, Ali Kazemi
variety, Shiroudi variety, Jamshidi variety
and Khazar variety). Then, farms with a
negative and zero nutrient surplus were
removed from the sample. Therefore, the
presence of outliers in the dataset is
identified by using the data cloud method
and finally, 388 questionnaires were used. R,
GAMS and Excel software were used in this
study.

Findings

In the production of Hashemi variety, the
results indicate that almost half of the
Hashemi rice farmers in the eastern region
and more than half of the Hashemi rice
farmers in the center of the province are
technically efficient. In the eastern region of
the province, 6 percent of Hashemi farms are
profitable, and in the western and central
regions, 8 and 10 percent of the farms are
profitable, respectively. Regarding the Ali-
Kazemi variety, more than 80% of the rice
farmers of this variety in the central and
western regions are technically efficient. In
terms of profit, Ali Kazemi rice farmers in the
eastern region are more efficient than rice
farmers in the western and central regions.
Considering that the production of Shiroudi
variety is mainly in the west of Gilan
province, less than 40% of these rice farmers
are technically efficient and about 5% are
profitable. Jamshidi variety is mainly
cultivated in the central and eastern regions
of the province. Technically, these farms in
the east of the province are more efficient
than the center, but in terms of profit,
Jamshidi rice farms in the center are more
efficient. Khazar rice farmers in the western
region have more technical efficiency than
rice farmers of this variety in the center.
4.3% of the Khazar variety farms in the west
and 4% in the center of the province are
profitable, which is a very low percentage.
The average scores of TIE obtained from
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DDF1, in all the groups under investigation,
showed that there is a possibility of reducing
the consumption of inputs by atleast 0.7% to
a maximum of 12.4% in the province,
considering the constant the current level of
rice production.

The average scores of TIE obtained from
the DDF2 criterion in all the studied groups
are in the range of 0.8% to 14.5%. This
indicates that the studied farms can increase
the amount of rice production from 0.8% to
14.5%, by improving their technical
efficiency with the available amount of
consumption inputs. The results of the
average TIE scores obtained from the DDF3
criterion also indicate that by improving the
efficiency in the studied farms, it is possible
to increase production and reduce the
current consumption of inputs at the same
time. Also, the results showed that
improving the technical efficiency lead to the
reduction of nutrients surplus discharged
into the environment. But, the profit
efficiency mostly increases the amounts of
nutrients surplus discharged into the
environment. Base on results, technical
efficiency improvement reduces the amount
of nutrients surplus discharged into the
environment for Hashemi variety by 3.5 to
38.8 kg/ha, Ali Kazemi variety by 0.4 to 23.3
kg/ha, Jamshidi variety by 7.6 to 42 kg/ha,
Khazar variety by 2.9 to 20.7 kg/ha and
Shiroudi variety by 18 to 48.6 kg/ha.

Discussion

Based on the obtained results, the
discharge rate of NS and PS to the
environment is different in the studied
groups; as a result, their fertilizer
requirements will also be different. Even
some farms in the present study had
negative or zero NS and PS, so soil testing by
farmers should become a principle so that
the fertilizer consumption is appropriate to
the needs of each farm. But since the use of
more fertilizer reduces the risk of crop
reduction and may be cheaper and more
accessible than soil testing, it encourages
farmers to use fertilizer at a higher rate than
the optimal economic and environmental
rate. Therefore, it is suggested that the
government provides the necessary facilities
with  support packages and the
establishment of relevant laboratories.

Considering the high consumption of
chemical fertilizers in rice production, the
government can reduce the environmental
problems resulting from rice production by
supporting rice farmers with high efficiency
and preparing standards and issuing
certificates for products with less
environmental impact and creating a culture
of buying and consuming healthy products
even at a higher price among people in the
community. Also, it is suggested that in
future research and when planning for
agricultural development policies, in
addition to considering the technical
efficiency of different agricultural products,
the condition of nutrient balance be
investigated so that the appropriate DDF can
be found to improve efficiency and also
reduce the consequences of suboptimal use
of chemical fertilizers.

Conclusion

In some areas, improving efficiency in the
direction of DDF; has been more effective in
discharging less nutrients surplus into the
environment, because reducing the
consumption of inputs, including chemical
fertilizers, will lead to a reduction in the
consumption of nutrients and, as a result,
reducing its excess entry into the
environment. Therefore, if the rice farmers
of Gilan province become technically
efficient, this will definitely lead to the
reduction of pollution in all regions.
However, this issue is not always true
regarding profit efficiency (DDF4) because
this model reduces surplus nutrient
discharge in some cases and increases it in
other cases. Therefore, only paying attention
to the profits efficiency of farmers without
considering the material balance condition
can be misleading and have serious negative
consequences for the environment.
Therefore, in ranking farms based on profit
efficiency, should be more careful.
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