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Optimization of Agricultural Cropping Pattern in order to Water Use
Management in Gorgan

Hoseyn Jahantigh?
Abstract

Agricultural development depends on the optimal use of resources and the optimal use of resources
depends on the optimal allocation of agricultural land to different crops. Every farmer cultivates
different crops during a growing season, but there is no certainty that this cropping pattern used by the
farmer is the optimal cropping pattern. Considering the importance and role of optimal cultivation
pattern in the sustainable production of agricultural products, the purpose of this study is to present the
optimal cultivation pattern of crops in Gorgan under three scenarios: optimization of economic
efficiency, production maximization and simultaneous maximization of economic efficiency and
production with emphasis on Water consumption management. In this regard, in order to achieve the
optimal cultivation pattern with the desired goals, the genetic algorithm was used and to obtain the need
for irrigation, CROPWAT software was used. The studied crops include wheat, barley, and rice,
soybeans, sunflower, beans, and cotton and fodder corn. The results showed that the current cultivation
pattern of the region was not optimal. Based on the results of optimization with a genetic algorithm,
forage corn crop has been removed from the crop pattern and the area under rice cultivation has
decreased compared to the current crop pattern in the region, in all optimization scenarios. The area
under sunflower and soybean crops increased in all three scenarios and replaced rice and fodder corn
crops. Wheat and soybean crops have the highest area under cultivation in optimization scenarios and
the lowest area under cultivation in all three scenarios is related to cotton. In the current situation, the
total water consumption is 213.626 x 10° m®, which decreases to 234.277 x 10° m? after optimization.

Keywords: Optimal cultivation pattern, Genetic algorithm, Gorgan, Water shortage.
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Abstract

Agricultural development depends on the optimal use of resources and the
optimal use of resources depends on the optimal allocation of agricultural
land to different crops. Every farmer cultivates different crops during a
growing season, but there is no certainty that this cropping pattern used by
the farmer is the optimal cropping pattern. Considering the importance and
role of optimal cultivation pattern in the sustainable production of
agricultural products, the purpose of this study is to present the optimal
cultivation pattern of crops in Gorgan under three scenarios: optimization of
economic efficiency, production maximization and simultaneous
maximization of economic efficiency and production with emphasis on
Water consumption management. In this regard, in order to achieve the
optimal cultivation pattern with the desired goals, the genetic algorithm was
used and to obtain the need for irrigation, CROPWAT software was used.
The studied crops include wheat, barley, and rice, soybeans, sunflower,
beans, and cotton and fodder corn. The results showed that the current
cultivation pattern of the region was not optimal. Based on the results of
optimization with a genetic algorithm, forage corn crop has been removed
from the crop pattern and the area under rice cultivation has decreased
compared to the current crop pattern in the region, in all optimization
scenarios. The area under sunflower and soybean crops increased in all three
scenarios and replaced rice and fodder corn crops. Wheat and soybean crops
have the highest area under cultivation in optimization scenarios and the
lowest area under cultivation in all three scenarios is related to cotton. In the
current situation, the total water consumption is 213.626 x 10° m?, which
decreases to 234.277 x 10% m?® after optimization.
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Introduction

The agricultural sector is a more significant component of the country's economy and plays a decisive
role in food security, work, and the national economy. The share of the agricultural sector in the
employment of the country is 25%. By producing 85% of the food of the society, it has a high-risk
responsibility to ensure food security. Due to population growth and consequently increasing demand,
there is a need to produce more crops. One way is to increase the size under cultivation. However,
developing countries such as Iran are forced to lose land due to population growth and industrialization.
Therefore, crop production per hectare of land must be increased through the proper use of production
resources. As a result, it is necessary to use scarce resources and inputs such as water, fertile land,
capital, seeds, fertilizers, labor, etc. in this sector to optimally reduce the loss of resources, increase
revenue and profitability of the agricultural sector. In the production of agricultural products, farmers
seek to maximize the income and profits from their activities. Every farmer believes that in different
ways he can maximize the expected profit from his action. It is as if, using experience, he grows
different crops during a crop season, but there is no certainty that this crop pattern used by the farmer
will maximize profits. As a result, finding a way to convince any agricultural activist to produce specific
products with a certain amount, to simultaneously achieve the two goals of maximizing profits and
income, as well as optimal use of limited resources available, can be beneficial and justify our research.

2. Materials and Methods

One of the solutions to improve agricultural plans is optimization. The purpose of an optimization
problem is to show the best acceptable answer, given the limitations and needs of the problem under
consideration. With the help of the optimization technique, the most suitable crop pattern can be
predicted to maximize the yield of one year or one crop season. According to studies, the application of
genetic algorithms in optimizing complex and nonlinear problems in various subjects, in recent years
has received more attention from researchers. In the present study, due to the complexity of the issue,
the number of decision variables, and the dimensions of the problem, the genetic algorithm method,
which requires fewer calculations and more efficient than other methods, determines the optimal crop
pattern and density of crops in the region

Discussion and Conclusion

When farmers' goal of production is to maximize profits, barley and fodder corn are removed
from the crop pattern due to their lower economic value than other crops, and the size under
rice, cotton, and beans is reduced, and the size under wheat is reduced. Sunflower and
soybeans increase. The highest size under cultivation in the optimal pattern is related to the
wheat crop, which can be attributed to the existence of supportive policies such as the policy
of guaranteed purchase by the government and the lack of price risk for this crop. Rice crop,
despite its good profitability, due to the limitation in water, its size under cultivation has
decreased in the optimal pattern, and in the case of cotton, in addition to the restriction in
water, due to the effective use of machinery, its size under cultivation in the optimal pattern
has decreased. In the production maximization scenario, the size under cultivation of wheat,
barley, sunflower, and soybean crops has increased to achieve self-sufficiency in the
production of these crops. Also, the size under rice crop has been reduced and the size under
the crop of cotton, bean, and corn forage crops has been removed from the crop pattern. In
the scenario of simultaneous maximization of production and profit of forage corn crop is
removed from the cultivation pattern, the size under rice, barley, cotton, and beans is reduced
and the size under wheat, soybean, and sunflower is increased.
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