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Abstract. Issues of optimizing crop rotations are becoming key to
increasing production efficiency and ensuring sustainable development of
agriculture. Crop rotation is the systematic rotation of different crops in the
fields over several years, which helps maintain soil fertility, reduce the risk
of diseases and pests, and optimize the use of resources. The goal of the
study is to develop effective strategies for managing crop rotations in order
to optimize the use of resources and increase productivity. The paper
presents strategies for managing a crop rotation system aimed at optimal
distribution of areas for different crops, rational use of resources and
emergency management. A genetic and ant algorithm is proposed for solving
problems. The model is calibrated and validated using available data,
followed by scenario analysis to evaluate different options.

1 Introduction

Agriculture is the most important sector of the economy, playing a key role in ensuring food
security and sustainable development of society. In the context of a changing climate, scarcity
of natural resources and growing needs of the population, there is an urgent task of optimizing
agricultural production processes. One of the important tools aimed at improving the
efficiency of agricultural land use is a crop rotation system. This work is devoted to optimal
modeling of crop rotation systems in the context of agriculture. The purpose of the research
is to develop effective mathematical models aimed at optimizing the selection and
distribution of agricultural crops in the fields, taking into account various factors such as
climatic conditions, soil resources and demand for products [1, 2].

The work includes analysis of the impact of different scenarios of climate and resource
changes on the efficiency of crop rotations. The results obtained provide agricultural
enterprises with the tools to make informed decisions to optimize crop rotations, improve
production sustainability and rational use of agricultural land. The study aims to identify
optimal sowing and crop rotation strategies, taking into account a variety of factors, such as
the climatic characteristics of the region, soil fertility, agrotechnical requirements and market
needs [3, 4].
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2 Methods

The problem of optimizing the placement of crops in fields within the cotton-alfalfa crop
rotation is an important problem in agricultural economics. The goal of this optimization is
to maximize profit while taking into account restrictions on the number of fields, budget
constraints and other factors [5, 6].

A mathematical optimization model has been developed to determine the optimal
placement of crops in the fields. When developing the mathematical model, the following
notations were used [7,8]:

X;j - binary variable, where x;; = 1, if the field i contains a culture j, and x;; = 0 and
otherwise.

Y; - the total number of fields allocated for the culture;.

¢;j - the cost of growing a crop j on a field i.

p;j- profit from culture j on the field i.

B - total budget.

The objective function is to maximize income:
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Solving this optimization problem will allow us to determine the optimal placement of
crops in the fields while taking into account profits, growing costs and budget constraints [9-
13].

To solve the problem of optimizing crop rotations in agriculture, a genetic algorithm was
used, which consists of the following stages:

1. 1l.Initialize the population size, that is, the number of potential solutions, the number
of fields, the number of different crops that can be grown in each field. We generate
random combinations of crops in each field to create an initial population.

2. 2.Calculation using cost matrices, which represents the costs of growing each crop
in each field, supply restrictions for each field, and demand restrictions for each
crop. It is checked whether the given solution satisfies the supply and demand
constraints. If yes, the cost will be refunded. Otherwise, infinity returns to punish
bad decisions.

3. Crossing A random separation point between the parents is selected and two
offspring are created by combining parts of the parents to the right and left of the
separation point.
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4. Mutation. The solution undergoes mutation. A mutation mask with mutation
probability for each bit is created and applied to the solution.

5. Calculate the fitness for each solution in the population.

To solve the problem of optimizing crop rotations, an ant algorithm was also used, which
consists of the following stages:

1. Initialization of pheromones. Creation of a pheromone matrix of size (number of
fields) x (number of crops). Initialize all matrix elements to 1.

2. Calculation of probabilities. For each ant, the initial field is chosen randomly. The
ant moves to the next field according to probabilities based on pheromones and
visibility. The probability of choosing the next field is calculated as the product of
pheromones and visibility, taken to the alpha and beta powers, respectively.
Pheromones are updated as the ant passes through.

3. Pheromone update. After each passage of the ant, pheromones are deposited on the
edges, proportional to the inverse value of the cost of passage.

4. Completion and output of the best solution. Repeat steps 2-3 a specified number of
times. Selecting the best solution among all ants at the end of execution.

5. Problem solving. Specifying a matrix of costs and algorithm parameters. Obtaining
the optimal solution and its cost.

The algorithm uses the idea of modeling the behavior of ants following the tracks of other
ants, finding optimal routes. This makes it possible to find the optimal distribution of crops
across fields, taking into account cost factors and crop rotation restrictions in agriculture.

3 Results and discussion

The crop rotation optimization model has practical application in agriculture, allowing you
to optimize the use of fields, increase the profitability of crop rotation and the efficiency of
agricultural production. Consider a farm with 10 fields. There are two crops: cotton (crop 1)
and alfalfa (crop 2). We have a budget, say $50,000, and the cost of cultivation and profit for
each crop in each field. The task is to determine how many fields to allocate for each crop to
maximize profits.

The following solutions were obtained using the genetic algorithm.

Optimal solution:

[[1.0.1.0. 1. 1. 1. 1. 1.-0.]
[0. 1. 0. 1. 0. 0. 0. 0. 0. 1.]]

In this solution, the "Optimal solution" is a 2x10 matrix, where each row represents a crop
and the columns represent crop rotation fields. The values in the matrix indicate whether a
particular crop is grown (1) in a particular field or not (0) (Figure 1 ).

The first row of the matrix corresponds to the first culture.

The second row of the matrix corresponds to the second culture.

In this case:

This means that the optimal crop rotation program involves sowing on field 1 in the
following years: 1, 3, 5, 6, 7, 8, 9. The optimal crop rotation program involves sowing on
field 2 in the following years: 2, 4, and 10.
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Fig. 1. Genetic Algorithm Solutions.

The following solutions were obtained using the ant algorithm
Optimal solution:
[[0.0.0.0.1.0.0.1.1.-0.]
[1.1.0.1.1.0.0. 1. 1. 1.]]
This means that the optimal crop rotation program involves sowing on field 1 in the
following years: 5, 8 and 9. The optimal crop rotation program provides for sowing on field
2 in the following years: 1,2, 4,5, 8,9 and 10.

Field Cultivation Plan

2 == == == == == == == Field 1, Crop 2
Field 2, Crop 2
Field 4, Crop 2
Field 5, Crop 1
Field 5, Crop 2
Field 8, Crop 1
Field &, Crop 2
Field 9, Crop 1
Field 9, Crop 2
Field 10, Crop 2
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Fig. 2. Solutions using the ant algorithm.

We have obtained the optimal solution for this linear programming problem. This solution
is represented in the form of values of the variables and a matrix showing the optimal
distribution of the variables. The solution satisfies all the constraints of the problem. Each
variable takes values within acceptable intervals, and the constraints of the problem are met.
The optimal solution can be used to make decisions under real-world conditions. Depending
on the context of the model, these results can be useful for optimizing resources, managing
production processes, or making strategic decisions. In general, optimization models such as
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linear programming are powerful tools for solving a variety of management and decision-
making problems, and the results obtained can significantly contribute to process efficiency
and optimization. The development and use of a mathematical optimization model for crop
placement in a cotton-alfalfa rotation represents an important tool for modern agricultural
enterprises, facilitating more efficient land management and increased economic efficiency.

4 Conclusion

In this study, methods for optimizing crop rotations in agriculture using genetic and ant
algorithms were considered and implemented. These methods provide tools for efficient
distribution of crops across fields, taking into account various cost factors and crop rotation
constraints. A genetic algorithm inspired by natural selection processes allows finding
optimal solutions in the space of possible crop distribution options. Using the mechanisms of
mutation and crossing, the algorithm converges to the optimal solution while satisfying the
constraints. The ant algorithm, based on the behavior of ants in finding shortest paths, allows
you to find optimal routes in the space of fields and crops. The intelligent behavior of ants,
depositing pheromones on paths with the best solutions, contributes to finding optimal
solutions.

In conclusion, it can be noted that the development and implementation of scientifically
based cotton crop rotation systems is an important aspect of agriculture, especially in cotton
growing. Despite expert assessments and balance calculations, there is a need to use an
economic and mathematical model for the optimal choice of crop rotation scheme. The
system of crop rotation optimization models provides valuable guidance for selecting optimal
patterns and types of cotton crop rotations, taking into account various soil conditions. This
allows you to increase production efficiency and meet the economic and social conditions of
the economy. However, with a possible variety of recommended schemes, it is important to
use an economic-mathematical model to accurately select crop rotations that will satisfy all
the criteria. This approach makes it possible to make the process of choosing a crop rotation
scheme more reasonable and adapted to the conditions of a particular farm.
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