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E- ; E Materials and Methods: Required data for this study has been
¢ collected with interview 250 of farmers during the 2014-2015.

T . Findings: Comparison The results of this study showed that the

= : optimal pattern of non-linear genetic algorithm is superior

compared to ordinary non-linear programming model. Because

. increasing the profit of the genetic algorithm is about 0.2% higher

DOl: ¢ than normal nonlinear planning, while reduced risk the by about 6
10.30495/JAE.2021.17344.1857  : percent. Also, the amount of production increases by about 18
¢ percent in the genetic algorithm and the consumption of chemical

fertilizer is 7 percent lower than normal nonlinear programming.

Based on the results, all four sustainable farming objectives in the
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Genetic Algorlthm' Non-Linear ¢ genetic model have a superiority to the typical nonlinear planning
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agriculture, Cropping pattern, Sari :  conclusion: Since the proposed cropping pattern of genetic
Goharbaran. :

algorithm causes to increase farmers' gross margin compared to the
ordinary nonlinear programming, therefore, the government's
encouragement and support is mandatory of the farmers in applying
the results of such models.
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Extended Abstract

Introduction

The importance of the agricultural sector in
generating food needs and job creation has
caused the vulnerability of the activists of
this sector. In recent decades, due to
excessive attention to goals such as
maximizing the economic well-being of
farmers, experts have not been aware of
environmental damage. Therefore, in
addition to the economic and social goals, it
is necessary to consider the environmental
issues of agricultural activity. Therefore,
determination of the optimal cultivating
model for sustainable agriculture is one of
the most important decisions of the farmers.
Materials and Methods

The aim of this study was to determine and
compare the optimal composition of
products, risk, profit, fertilizer production
and use in the form of multi-objective model
in terms of conventional solving methods
and genetic algorithm for nonlinear patterns
in the Gharbaran region that is a city of Sari.
Sustainable agriculture means economically
justified, socially acceptable and
environmentally sustainable. In this regard,
in the present study, the economic, social
and  environmental objectives are
considered for determining the pattern of
cultivation of sustainable agriculture, which
will be further discussed.

-Economic strategy: Generally, the goal of
this strategy is profit maximization. This
goal is expressed in terms of:

c
maxZ, = z TGM, * [h],
c=1
Where [h], represents the vector of the
cropping area, TGM, is the gross profit of
each hectare of product c and Z;of gross
profit. Due to the risk characterization of
agricultural activities, the calculated benefit
can not be definitively taken into account.
For this reason, it is essential to use an
approach that simultaneously presents a
ship's pattern that minimizes the risk of
profits. One of the risk measurement
methods is the variance-covariance
approach in which the variance-covariance
of the whole model is minimized as an

indicator of risk. This goal, along with the
goal of maximizing profit, is considered as an
economic goal. The objective of minimizing
risk is:
min Z, = Y5, var.[h].> +
C’
g=12 =1 Zcovcc’ [h]c * [h]c’

In this regard, var,, cov,.. and Z, represent
the variance of product c, the covariance
between product c,c¢’ and the pattern of
profit risk, respectively.

- Social strategy: The social goal of this

study is to achieve maximum production.
This objective can be expressed in relation:
c

maxZ; = ) [kl * [PRI,
c=1

[PR], represents the amount of production
from a hectare of different products, and Z
represents the total production.
Environmental strategy: Since fertilizer
application leads to soil degradation and
environmental contamination, in the
framework of this strategy, the minimization
of fertilizer use as an environmental target
has been considered.
minzZ, = Zgzl[h]c «[N + P+ K],

[N+ P+ K], represents the sum of
nitrogen, phosphorus and potassium needed
to cultivate one hectare of ¢ product.

These goals are subject to their own
constraints which include:

In order to achieve simultaneously the three
economic, social and environmental
strategies, the multi-objective programming
model used in relation:

(TEo varclh]c” +

g=1 Z((;:’=1 2C0Vcc’ [h]c * [h]c’)+zg=1[PR]c *
[h]. — 3¢, [N + P + K], * [h].Because the
risk models require a minimum gain, the

profitability limitation is considered as the

relation:
C

D lgmle < [hle < gm’

c=1
Where [gm], is the profit per hectare of the
product c and gm*% of the amount of profit
(95%) calculated by solving linear
programming with the goal of profit
maximization. The statistical population of
this study is farmers in Goharbaran region
located in Sari city. Data needed for this
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research were collected by completing a
questionnaire and interviewing with 250
farmers that cultivated wheat, barley,
rapeseed, garlic, soybean, tomato,
watermelon, rice Tarom and Shiroud in the
area. MATLAB software has been used to
determine the crop pattern based on
sustainable agricultural strategy.

Findings

In this study, nonlinear programming model
and genetic algorithm, optimal cropping
pattern was determined in the form of
sustainable agricultural strategies and

compared with the current situation in the

region.Since one of the objectives is
minimization of risk, a minimum profit or
income limitation is taken into account as a
result of preventing a lower profitability of
the model from a minimum threshold level.
Also, 95% of the maximum profit from the
economic strategy was considered as the
minimum profit level .Multi-objective
optimal cropping pattern was first solved in
the form of nonlinear programming and
then using the genetic algorithm, the results
of which are shown in Table 2.

Table 2. Comparison of Optimum Cropping Pattern Using Regular Linear and Nonlinear Modeling and
Multi-Objective Genetic

Multi-objective Multi-objective

pattern with pattern with typical
genetic algorithm nonhnea.r
programming
Wheat 0 0
barley 0 0
Rapeseed 0.0499 0
Garlic 0 0
Sovbean 0 0
Tomatoes 0.0454 0.021
Watermelon 0.0253 0.015
Tarom rice 0.5102 0.653
shirodi rice 0 0
Standard deviation (10 Rials) 3717283 3956296
Total produced product (kg) 4895 4143
Total fertilizer (kg) 189 204
Profit (10 Rials) 10779088 10755643

Source: Research Finding

As shown in Table 2, the multi-objective
model with programming
suggests only three tomato, watermelon and
Tarom rice and the rest of the products be
removed from the crop pattern. Because the
other products are more risky and probably
low-yielding and  contradictory  to
environmental and social goals. According to
the model outputs in optimal conditions,
34% of the total cultivated land were
allocated to Tarom rice and only 0.01% of
the remaining crop area for tomato and
watermelon production.

non-linear

Comparison of two columns of table (2)
shows that in the method of genetic
algorithm, the risk is less than the nonlinear
programming ratio. One of the reasons is
that in the genetic algorithm, more products
are included in the crop pattern, while
nonlinear programming involves fewer
products. In other words, the more diverse
the cropping patterns cause to the lower the
risk. The results show that the genetic
algorithm chooses more diverse products as
an optimal model, so it is more realistic than
conventional nonlinear programming and
can be more consistent with the decisions of
farmers to cultivate different products

As aresults, all four objectives of minimizing

risk, maximizing production, minimizing the
use of fertilizer and maximizing profit in the
pattern obtained from the genetic model
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have a superiority than the nonlinear
planning model.

Discussion

: Today, unsustainable agriculture is a threat
to ecosystems. For this reason, at the last two
decades, planners' attention has increased in
sustainable agriculture. This study was
designed to optimize cropping pattern with
four objectives of risk minimization, profit
maximization, maximization of production
and minimization of natural resources
pollution in the framework of multi-
objective model using genetic algorithm and
ordinary nonlinear planning. The results
show that the solution method with genetic
algorithm will have a more diverse
cultivation pattern than conventional
nonlinear programming. Accordingly, in
both cases, Tarom rice has the highest level
of cultivation. The reason for this could be a
higher profitability of this product than
other products. Regarding the relationship
between profit and risk, it was observed that
in both cases, while the profit in the
nonlinear solving mode of the genetic
algorithm increased slightly compared with
the ordinary nonlinear programming
solution, the risk was less significant. Also,
the amount of product produced increases
and fertilizer decreases. Therefore, the
optimum cropping pattern in the study area
shows that using the results of the genetic

algorithm approach was caused to
increasing diversity and reducing the risk.
Therefore, it is recommended that the
government should be applied optimum
model by providing supportive policies and
establishing the relationship between
government agencies such as agricultural
Jihad with research centers.

Conclusion

Therefore, the optimum cropping pattern in
the study area shows that using the results
of the genetic algorithm approach was
caused to increasing diversity and reducing
the risk. Therefore, it is recommended that
the government should be applied optimum
model by providing supportive policies and
establishing the relationship between
government agencies such as agricultural
Jihad with research centers.
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