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Abstract

The article analyzes the production and sale of grain in agricultural enterprises of the Kursk region.
Changes in the size and structure of crops are revealed, the dynamics of production and sales of the main
types of grain crops for 2011-2019 are analyzed both in physical weight and in value terms. It was found
that during the study period, the dynamics of production and sale of grain crops in the Kursk region have
a generally positive trend. The valuation of the dynamics of sales of products of the main types of grain
crops demonstrates steady growth due to the rise in prices for products. The article presents trend models
that allow assessing the dynamics and forecasting the development of grain production and sales in the
Kursk region. It was revealed that among all grain crops the maximum growth in sales volumes is steadily
demonstrated by wheat. The function obtained from the results of trend modeling with a high degree of
reliability indicates the actual growth and allows us to predict an increase in sales of wheat for the region.
It is concluded that the factors that influenced the changes and identified the prospects for growth in the

production of certain types of crops.
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1. Introduction

Grain production is one of the strengths of agriculture in the Kursk region. This is ensured by
significant areas of black earth lands and favorable weather conditions. Region is one of the leaders in
Russia in grain production, and in terms of grain yield, the Kursk region takes 1st place in the Central
Federal District. Production growth rates exceed the national average. On the one hand, demand is
supported by the largest megacities - Moscow and St. Petersburg with adjacent regions, on the other - by
livestock farms in the Central Black Earth Region, primarily in the Belgorod and Kursk regions
(Zaretskaya, 2019). The location of Kursk region makes it possible to export grain (Zyukin et al., 2020) to

the harbors of southern and northwestern Russia.
2. Problem Statement

Despite the dynamic development and growth of grain production in Russia as a whole and in the
Kursk region, in particular, the development of the agricultural industry is accompanied by several
unsolved problems that require additional research. An increase in grain production over the needs of the
region and the country sets the producers and the state (Latysheva et al., 2020) tasks in the form of
developing export infrastructure, changing the structure of production following the needs of the world,
not the domestic market, and the need to consider world grain prices. These factors increase the relevance
of both the study of current trends in the field of grain production and the current situation, as well as

forecasting market processes for the coming years.
3. Research Questions

Study of the structure and dynamics of grain production, assessment and description of the factors

that determine these changes.

Modeling the volume of grain production in the Kursk region.

Interpretation of the obtained models and substantiation of the prospects for their use in the

activities of agricultural organizations and public authorities
4. Purpose of the Study

The aim of the work is the mathematical modeling of the processes occurring in the grain market,
assessment of factors that influenced the change, and forecasting trends for the coming years, which will

justify promising management decisions for agricultural organizations and government bodies.
5. Research Methods

The study was carried out based on the data of the committee of the agro-industrial complex of the
Kursk region on agricultural organizations. In the process of analysis we studied the dynamics of the

structure of production and sales of major types of crops for 2011-2019.
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6. Findings

The strategic direction of development for the region (Vodolazskaya, 2013) is currently the
stabilization of grain production, and the task of the near future is to increase the gross harvest of grain
crops (Petrushina, 2021). In the structure of the sown areas of the Kursk region in 2019, the largest share
(58.5%) was occupied by grain crops - Figure 1.
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Figure 1. The structure of the cultivated areas of the Kursk region in 2019

Winter and spring wheat accounted for 55.9% of the total sowing of cereals in the region, barley -
23.9%, corn for grain - 17.1%, other grains - 3.1%. This structure reflects the region's grain specialization
in growing wheat and barley (Pronskaya et al., 2020).

During the study period, the dynamics of the sale of grain crops in the Kursk region has mainly a

positive trend in both physical and value terms - Figure 2.
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Figure 2. Dynamics of the sales structure of the main types of grain crops (physical volume, thousand
centners)
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Wheat sales indicators in 2019 in comparison with 2011 increased by almost 2 times. This is since
wheat is one of the main crops in the grain group of the crop rotation. At the same time, in 2019, there is a
decrease in production compared to 2018 by almost 10%. The high level of precipitation in the Kursk
region led to the partial death and unsuitability of the crop for further processing. Excessive moisture with
a lack of use of plant protection products led to the development of fungal diseases, therefore, part of the
grain became unsuitable for the food industry, which worsened production and financial indicators.

The production of corn for grain increased significantly - the main factors were the development of
animal husbandry (since it is the main fodder crop in various types of feed), as well as an increase in
starch production. Maize produces higher, sustainable yields compared to other forage crops and fit
positively into the crop rotation as a good predecessor. In 2019, 9368 thousand centners of corn were
sold, which is 7,041 thousand centners (4 times) higher than the 2011 level. But in 2019, its production
decreased relative to 2018, by analogy with wheat - by 1,021 thousand centners.

Barley production also increased significantly during the analyzed period. In 2019, 6,247 thousand
tonnes of barley were sold, which is 1.5 times higher than the level of 2011. Barley is grown both for
fodder purposes (livestock feed) and for the brewing industry. In the ranking of regions by the size of
barley areas in 2019, the Kursk region takes the 13th position (256.9 thousand hectares, 2.9% of the total
sown area). In the rating of regions in terms of the gross barley harvest in 2019, the Kursk region was in
second place (harvests amounted to 1,087.1 thousand tons, and the share in the total harvest was 5.3%),
overtaking the Krasnodar Territory.

Soy is a legume that is also in demand both in the food market and in animal husbandry, providing
stable yields and grown mainly in the central regions. Currently, the demand for soybeans as the most
affordable source of vegetable protein is steadily increasing, and in recent years this crop has shown
strong economic indicators.

The cost estimate of the production and sale of the main types of grain crops is shown in Figure 3.
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Figure 3. Dynamics of the structure of production and sales of the main types of grain crops (in value
terms, million rubles)
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The valuation of the dynamics of sales of products of the main types of grain crops demonstrates a
steady growth due to the increase in prices for products, and a decrease in this indicator is noted only in
2013 (and in 2015, 2016, and 2019, with a decrease in the physical volumes of sales, the cost increased).
Figure 4 shows the dynamics of the profitability of sales of the main types of grain crops (Petrushina,

2020).
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Figure 4. Dynamics of profitability of sales of the main types of grain crops, in%

Profitability indicators demonstrate a unidirectional dynamic of change, simultaneously increasing
and decreasing during the analyzed period. This indicates that the financial performance of these types of
products is influenced by the same market factors (Purwanto et al., 2019).

This situation is caused by the following reasons:

1. Various types of grain crops are substitute goods, and when the supply of some types of grain
changes, demand switches to others, balancing the market and leveling profitability for various types of
products.

2. Production factors and cost are more stable over time (Zaretskaya & Chernikova, 2020), and
differences in production technologies and changes in costs for certain types of grain crops are less
significant compared to market factors that, as noted above, affect the market.

3. As Russia enters world markets and increases its exports, world prices also have a greater
impact on demand, which determines the unidirectional dynamics of prices.

The high growth rates of grain production in the presence of comparative competitive advantages
in the world market made it possible to increase the volume of its exports. Kursk grain is supplied to more
than 20 countries of the world. Its main consumers are Latvia, Lithuania, Egypt, Turkey, Kazakhstan
(Zaretskaya, 2018). The region has all the prerequisites for expanding the geography of sales markets, and
the possibility of increasing exports.

Table 1 shows trend models, which make it possible to assess the dynamics and predict the

development of grain production and sales in the Kursk region.
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Table 1. Results of trend modeling for the main types of grain

Linear trend models

Revenue from product sales (billion

Types of grain rubles) Products sold in kind
equation R? equation R?
Cereals and y=3,139x + 5,142 0,945 y=2,537x + 15,723 0,879
legumes, total

Wheat y=1,763x + 2,144 0,922 y=1,462x + 7,718 0,804
Corn y = 0,883x + 0,489 0,908 y =0,890x + 2,569 0,880
Barley y =0,445x + 1,849 0,893 y =0,209x + 4,302 0,379
Soy y=0,974x - 1,659 0,916 y=0,431x - 0,608 0,897

The table presents models by grain types, which are described with sufficient reliability. Trend
models were also calculated for other types of grain during the study, but the modeling results have a low

degree of reliability and can not act as a basis for predicting the implementation of future periods.

7. Conclusion

Among all grain crops, the highest growth in sales volumes is consistently demonstrated by wheat.
The function obtained from the results of trend modeling with a high degree of reliability indicates the
actual growth and makes it possible to predict an increase in the sales of wheat for the region by 1.462
million centners. in year. The steadily growing demand for wheat in the domestic national and world
markets contributes to an active increase in production and sales volumes. Considering that wheat is the
main exported type of grain both in the Kursk region and in the whole of the Russian Federation, the
export duties implemented in the 2020-2021 season, combined with a potential decrease in yield due to
unfavorable weather conditions during the sowing season, can make a significant adjustment to the
forecast results (Voronina & Zaretskaya, 2019). The shift in consumer preferences of the population
towards essential products from wheat grain caused by the pandemic of the new coronavirus infection and
a stable increase in the livestock population may have some positive impact and support the demand for
wheat in the domestic market, which, together with the government's restrictive measures on exports
(Fomin & Boev, 2008), may have a stimulating effect on prices.

The market instability inherent in the corn market in the last decade, together with a relatively high
price elasticity of demand and significant dependence of crops on climatic conditions, deter agricultural
producers from increasing the production of this type of grain. The trends of the previous periods reflect
the annual growth of sales of corn in the amount of 890 thousand tons and allow predicting this growth
with a high degree of certainty for the coming years (Zyukin et al., 2020). However, the expected
transformation of acreage because of export duties on wheat, a high regional concentration of corn
production, stable growth in demand from feed producers, a decrease in seed grain imports, and the
attractiveness of corn for deep processing allow us to expect a more active increase in the production and
sale of corn in the Kursk region.

The dynamics of changes in sales volumes of barley is poorly predictable because the resulting

trend model has a coefficient of approximation reliability of 0.379, while the model of proceeds from the
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sale of this type of product shows a stable growing trend and with a reliability of 0.893 allows us to
expect an increase of 445 million rubles annually. These trends occur due to the growing demand for this
type of grain, formed by the needs of domestic consumption from the livestock industry, and an increase
in export attractiveness - in 2020 alone, the volume of Russian barley exports increased by 1/3 of the
whole volume.

The results of trend modeling of the dynamics of production and sales of soybeans demonstrate an
increase in sales volumes of this type of grain by an average of 431 thousand centners. annually.
Favorable conditions for the growth of production and sales of soybeans are created by the growing
global and national demand for soybean meal due to the increase in feed production and the rapid
development of the bioindustry. Soybeans are the most attractive and cost-effective raw material. In the
short term, in addition to market factors, government support will also contribute to the growth of
soybean production, since in 2020 a regional subsidy has been introduced to stimulate an increase in the
production of soybeans and rapeseed (Fomin & Ogu-Oluva, 2020). According to the simulation results,
the average annual increase in the number of proceeds received from the sale of soybeans is 974 million
rubles, due to both the influence of sales volumes and the price factor. Because soybeans are a direct
competitor to corn in feed production, rising prices in the corn market and the vegetable oil market will
also put pressure on the price of soybeans.

Based on the results of the study, it can be concluded that significant growth rates of production
and sale of grain necessitate changes in the guidelines of state regulation of the development of the
agricultural sector. If during the period of production decline the main priority was focused on the growth
of production to ensure food security, then in the current situation it is necessary to reorient towards the
development of export potential and the corresponding infrastructure (Solovieva & Zhilyakov, 2009). In
this situation, some methods that have been effective in the past do not prove to be effective or even form
negative consequences for the industry.

For agricultural organizations, it becomes obvious that it is necessary to consider the dynamics of
production and sales of grain production soon to predict the future structure of sales and ensure the sale of
manufactured products.

In this situation, it is also becoming clear that production should be oriented towards grain export
and the development of the country's export potential. Overcoming the deep crisis in agriculture in the
1990s, as well as the growth model of the early 2000s, which was based on an increase in domestic
consumer demand for food, has exhausted itself. At present, to continue the growth and development of
both the agricultural sector as a whole and grain production, it is necessary to carry out a transition from
import substitution to an export-oriented development strategy to reduce the excessive pressure on the

market supply of grain within the country.
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