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DYNAMICS AND TRENDS OF CORN GRAIN
PRODUCTION IN UKRAINE IN THE PRE-WAR
AND WAR PERIODS

Abstract.

The article is devoted to the analysis of trends, substantiation of problems and directions of strengthening the production
volumes of grain corn in Ukraine in the pre-war and war periods. The place of Ukraine among the leading exporters of corn in the
world and the dynamics of its production indicators are analyzed. An assessment of the trends in yield, gross harvest and production
of grain corn in Ukraine in different regions is provided. A statistical assessment of the relationship between area and yield and area
and gross grain harvest, as well as between yield and gross grain harvest of corn in some regions of Ukraine and for certain grow-
ing periods is carried out. A statistical assessment of the correlation relationships between area, yield and gross harvest in different
growing periods is carried out. Special attention is paid to the comparative analysis of the results of grain production in the pre-war
(2013-2021) and war (2022—2025) periods. Based on the data obtained, trend forecast models for the development of the industry
until 2027 were developed. The main problems of the development of grain production in Ukraine in the pre-war period and during
the country's wartime period were characterized. The results obtained indicate that, despite the challenges of wartime, the industry
retains significant adaptive potential. According to the results of correlation-regression analysis, a high density of the relationship
between yield and production volumes was established, which confirms the determining role of the intensification of technologies in
modern conditions. Based on the constructed forecast models (linear and polynomial trends), scenarios for the development of the
industry until 2027 were substantiated. According to the forecast, provided that logistics routes are stabilized, a gradual recovery of
gross tonnage to the level of 25.6-27.8 million tons is expected. The practical significance of the results obtained lies in identifying
key factors restraining exports, including the destruction of port infrastructure and the high cost of energy carriers for drying grain.
Recommendations are formulated for the diversification of logistics routes and the expansion of internal processing of corn as a tool

for increasing added value.

Keywords: corn for grain, sown area, yield, production, drying and storage of corn grain, statistical processing, trend

forecasting models

Introduction

The standard of living of the population and nation-
al food security largely depend on the stability of the
agro-industrial complex, where grain production plays a
strategic role. Corn in Ukraine has remained a key crop
in the last decade, successfully grown in almost all re-
gions of the country. It is not only an important raw ma-
terial for the food and processing industries, but also a
powerful energy resource for the production of bioetha-
nol.

By 2022, Ukraine confidently ranked third in the
world in terms of corn exports, second only to the USA
and Brazil, which emphasized its critical role in the glob-
al food supply system. However, the full-scale Russian
invasion made significant adjustments to the functioning
of the industry. The destruction of energy and railway
infrastructure, the blockade of seaports, and the increase
in the cost of logistics created unprecedented challenges
for farmers. Despite this, even during wartime, corn
demonstrates high adaptability.

The relevance of this study is due to the need for a
deep analysis of the transformations that corn production
underwent under the influence of war factors. Under-
standing the statistical relationships between the area
sown and the harvest allows not only to assess the cur-

rent state of the industry, but also to build scientifically
based forecasts. This is critically important for forming a
strategy for restoring export potential and strengthening
Ukraine's position in the world grain market in the post-
war period.

Literature review.

The standard of living of the population and the
country's food security largely depend on the state and
pace of development of the agro-industrial complex, in
which the leading role belongs to grain production,
which is able to fully satisfy its needs for grain and also
export grain to the world market. Ensuring the safety of
grain is one of the most important tasks of enterprises of
the grain procurement system. It determines the continu-
ous and significant increase in the production capacity of
elevators and warehouses equipped with high-tech
equipment [1,2].

Corn in Ukraine over the past decade has been and
remains a strategic crop, which is grown in almost all
regions, regardless of climatic conditions and the size of
farms. It is a valuable raw material for the food and pro-
cessing industry. Today, the problem of grain production
is a priority task within the framework of the develop-
ment of the agricultural sector in Ukraine. The need to
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provide the population with food and feed grain is grow-
ing annually, therefore it is important to consider this
problem from the point of view of ensuring the food se-
curity of Ukraine [3]. Corn is a late-ripening crop, so it is
harvested with high grain moisture. Even in conditions of
significant climate warming, as has been observed re-
cently, the moisture content of corn during harvesting
significantly exceeds the permissible norm. In this re-
gard, the harvested grain is subject to mandatory drying
and bringing to a dry safe state as soon as possible. Dry-
ing corn, as a later-ripening crop, compared to other
grain crops, also requires greater energy consumption,
especially when the seeds are processed. When drying it,
special conditions must be maintained: these are mild
temperature regimes and slow evaporation of moisture,
which is necessary to preserve the quality of the seeds.
But these conditions simultaneously lead to an increase
in the consumption of fuel energy materials.

Various technical and technological methods of
drying are known, depending on which the level and
structure of energy consumption changes. Such methods
include two-stage drying of cobs with further drying in
the grain, pulse drying mode with alternating heating and
cooling, drying at the maximum permissible temperature
[4].

Corn grain production is an important part of all ag-
ricultural production in Ukraine. This crop largely deter-
mines not only the economic state of livestock farming,
but also the grain industry as a whole. The food, pro-
cessing, medical industries, as well as the fuel and energy
sector of the state are interested in corn production, since
the grain of this crop is a high-energy raw material for
the industrial production of bioethanol and other fuel
materials. Corn grain is also used for food purposes.
More than 150 food and technical products are made
from it: flour, groats, flakes, starch, syrup, glucose, alco-
hol.

In addition, in recent years this crop has taken an
increasingly stable position in the world grain market.
Due to the favorable geographical location and favorable
natural and climatic conditions of Ukraine, it is possible
to ensure not only domestic needs for corn grain, but also
significantly increase its export potential, which in par-
ticular in the best years can amount to over 20 million
tons of high-quality grain [5-8].

Corn is an annual herbaceous plant from the cereal
family, which plays an important role in world agricul-
ture. The anatomical structure of the grain includes three
main parts for cereals - the shell, endosperm and embryo.
Each of the parts of the grain is characterized by its struc-
ture and chemical composition, which determines the
main goals in organizing technological processes for pro-
cessing grain into food products [6].

Corn is characterized by the presence of up to 98%
of starch and 75% of protein substances in the endosperm
of the grain, with the main part of the protein located in
the upper layer of the endosperm - the aleurone layer.

In many countries of the world, approximately
20.0% of corn grain is used for food needs, 15.0-20.0%
for technical purposes, 60.0 - 65.0% for livestock feed
[5].

Economic value of corn:

— grain is used for food products (flour, groats,

starch, oil);
— the main feed crop for livestock (grain, green
mass, silage);

— raw material for the production of biofuels, alco-
hol, bioplastics.

Grain, feed and sweet corn are grown. Modern hy-
brids are distinguished by high yields, resistance to lodg-
ing, diseases and pests.

However, it is necessary to pay attention to one
very important thing, namely — the chemical composition
of corn, which plays a very important role in economic
value. As indicated in [8-10], the chemical composition
is as follows: hemicellulose, cellulose and lignin are the
main components of cell walls, the share of which in the
whole plant is approximately — 40%, starch content is
30%, sugar — 9%, crude protein, fat and ash — 8; 3 and
5% respectively.

The energy value of corn hybrids primarily depends
on the degree of development of the cob and its amount
in the green mass. During the ripening process of corn,
the starch content, its digestibility and, accordingly, en-
ergy value gradually increase [7-9].

Corn occupies a leading position in the lists of the
most common agricultural crops with each season. Only
about 12% of the world's corn is used for food purposes,
but another 60% goes to feed for livestock and poultry.

In Ukraine, the volume of corn cultivation is in-
creasing every year. Corn is considered one of the most
profitable crops, and its yield exceeds all grain crops. In
modern conditions, the introduction of intensive cultiva-
tion technologies allows you to get the maximum yield.
Most often, corn is grown for grain, but with the devel-
opment of livestock farming, corn is also grown for si-
lage [8,9].

Let's consider the yield and gross harvest of corn
grain in the pre-war period - in the 2016/17...2020/21
marketing years. It can be seen that in the 2017/18 mar-
keting year, corn yield reached its maximum value of
78.4 centners/ha. [11].

In the 2020/21 marketing year, 38.7 million tons of
corn were harvested, which is 28% higher than the same
period in the previous year. This is the largest gross har-
vest in all previous years of Ukraine's independence.
Such a significant increase in the gross harvest of corn
was achieved both by increasing the area sown and yield
[11].

The 2021/22 marketing year was no exception, but
on the contrary showed a significant increase in produc-
tion compared to the previous season. A total of 1,206
million tons of corn grain were harvested, which is 83
million tons more than the previous season (+7%) and is
the best result ever [12].

Analysis of the obtained data showed that the low-
est yield value (5.7 t/ha) was observed in 2015, and the
highest (7.8 t/ha) in 2021. The highest corn grain yield
(7.8 t/ha) and the highest gross harvest (42 million tons)
were observed in the pre-war years, in 2018 and 2021,
respectively.

During the war period (2022—-2025), the minimum
values of yield and gross harvest were within the limits
of 6.7-6.5 t/ha and 27.0-26.8 million tons, respectively,
and their maximum values were quite close and amount-
ed to 7.7-7.3 t/ha and 32.5-32.0 million tons, respective-
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ly [12].

According to experts, corn production in the State is
not standing still, for the second war year in a row, the
volume of hybrid corn seed exports exceeds the volume
of its imports. Thus, in the first half of 2022 alone, 24.4
thousand tons of seeds of domestic and foreign selection
were exported from Ukraine, while imports amounted to
only 4.1 thousand tons, that is, 6 times less. During this
time, hybrid corn seeds worth $ 67.4 million were sold to
world markets. Corn seed export indicators have in-
creased approximately twice in both quantitative and
value terms. For example, if in 2022, 14.6 thousand tons
were exported for $33.5 million in 7 months, then in
2024 — 24.4 thousand tons for $67.4 million.

It is known that the largest importer of corn seeds is
Hungary, which purchased 6715 tons of this type of
product in January-July 2023. In addition, EU countries
also made significant purchases of seed corn in Ukraine.
Thus, corn seeds were imported to European countries in
volumes to France (4766 tons), Austria (3823 tons), Ro-
mania (3659 tons), as well as Egypt (1513 tons) and
Moldova (995 tons). These data indicate that imports to
the EU increased more than 20 times, if we analyze the
corresponding period of the pre-war year 2021 [14].

According to the analysis of data in Ukraine for at
least the last decade, corn has always been the leading
crop. Given the trends in the fluctuation of corn grain
yields over the years, in general, there is a positive trend
towards growth in indicators.

The indicators decreased slightly in the 2022 sea-
son, but already in 2023 the leaders in the gross harvest
of corn grain were Poltava region, Cherkasy and Cher-
nihiv regions.

According to the website Latifundist.com [15], as of
2023, the largest indicators of the gross harvest of corn
seeds in Ukraine by region were obtained: in Cherkasy,
Poltava, Chernihiv, Vinnytsia and Kyiv regions, at the
level of 3341.4-2247.6 thousand tons. If we equate the
data to last year's corn yield indicators, we can state the
fact that in 2023 17% more corn grain was obtained.
Given the dry and warm weather of 2024, farmers man-
aged to harvest corn grain on time.

In a situation that arose against the backdrop of dif-
ficulties with logistics and temporary restrictions on the
export of certain agricultural crops, part of the harvest
was exported.

Our Ukrainian corn remains the cheapest on the
world market and is in great demand, despite record har-
vest figures in the largest producing countries of this
crop.

During 2022, world grain markets were significant-
ly affected by the Russian invasion of Ukraine and the
almost complete cessation of Ukrainian grain exports.

Since Ukraine is the main exporter of wheat and
corn, the result was a sudden shift in demand to other
suppliers. This demand is offset by increased exports
from Brazil, Canada and India, but, as a result, we see a
significant increase in export prices for grain.

Previously, corn was one of the main crops in our
economy, but in 2023 it was not included in the crop
structure at all, primarily due to high production costs
and the high price of fertilizers at that time. In addition,
due to closed export routes since the beginning of the
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full-scale invasion, there was no sale, so the harvest from
the previous 2022 remained in the warehouses. But in the
2024 season, this crop was returned to the crop rotation,
sowing 350 t/ha.

Nevertheless, for the 2025 harvest, it is planned to
increase the area by another 100 hectares - up to 450 hec-
tares. Because even with such a low yield, corn is profit-
able for us [16].

According to the State Customs Service, corn ex-
ports from Ukraine reached 3 million tons as of October
11. Exporters say that there are no transitional crop resi-
dues in the country, so corn supplies gradually decreased
from July to September. At the same time, prices and
demand for Ukrainian grain from foreign buyers are in-
creasing.

Analysts note several trends:

- an increase in our corn exports to Turkey is fore-
casted due to a decrease in the export potential of the
Russian Federation for this crop,

- high demand for Ukrainian corn from buyers in
the EU is being formed due to crop failure and a signifi-
cant content of aflatoxins in the European harvest.
Ukrainian corn has accounted for half of European im-
ports since the beginning of the season (a total of 5.2
million tons were imported).

The Ministry of Agrarian Policy predicts that
Ukraine in the 2024/25 MY may harvest a corn harvest
of 25 million tons [16]. As of October 3, 2025, 7 million
tons of grain were harvested.

Corn yield in Ukraine and its export volumes In re-
cent years, Ukraine has confidently occupied third place
in the world in terms of corn exports, losing the leading
positions to the USA and Brazil.

Analysts conducted a study to determine how many
tons were exported from Ukraine during the current mar-
keting period (July 2018 - June 2019).

According to UkrAgroConsult, our country sup-
plied about 4.4 million tons to Europe, which exceeds the
volume of supplies last year by 123%.

Thus, Ukraine displaced Brazil from the first place
in terms of exports, which occupied second place, the
volume of supplies of which slightly decreased.

The export value of corn in Ukraine depends on
numerous factors. First of all, global demand, the area
sown by the main exporting countries, the volume of the
harvested crop, climatic conditions, exchange rates, etc.

The price is undoubtedly affected by the quality of
the product, which depends on the variety of the crop, the
integrity of the grain, humidity, presentation and other
qualities. When selling for export, the presence of appro-
priate quality certificates is important [16, 17].

The low marginality of grain crops in Ukraine has
been a major factor in farmers reducing the area sown for
the new crop, especially corn (by 3% per year). At the
same time, disruptions in food and fertilizer exports from
Ukraine have critically affected 279 countries, jeopardiz-
ing the food security of the least developed countries and
highlighting the urgent need for decentralization of sup-
ply chains. This necessitates the development of new
diversification strategies to ensure stable access to agri-
cultural products at the global level [18-20].
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For example, for most of the 2023/24 MY season,
corn was $5-7/ton cheaper than feed wheat in the ports of
Reni and Izmail.

In the first forecast for 2024/25 MY, UZA analysts
in March predicted a decrease in grain and oilseed pro-
duction in Ukraine in 2024 by 8% per year - to 76.1 mil-
lion tons. Their forecast is based on average weather
conditions over the past 5 years, but spring and summer
periods may introduce their own adjustments. Thus, the
wheat harvest in 2024 may decrease by 9% per year - to
20 million tons, and corn production may decrease by
11% - to 26.3 million tons [21].

If we talk about the EU, which is a key importer of
Ukrainian corn, then it will need less of its grain due to
the expected growth of its own production.

The European Commission predicts an increase in
the EU corn harvest in 2024 after two years of decline —
to 69 million tons (+11% per year), due to the expansion
of areas and improved yields.

The largest increase in areas is expected in France,
which will allow the country to harvest 13.6 million tons
of corn (+7% per year).

In addition, yields in Hungary and Romania will al-
S0 grow — by 12%-13% per year —to 7 and 12.3 million
tons, respectively.

Bulgaria can harvest 3.5 million tons of corn in
2024 (2.2 million tons in 2023.)

In turn, a decrease of 6% is predicted in Poland — to
8.6 million tons due to the reduction of areas and deterio-
ration of yields [21].

If we talk about the main European importers of
Ukrainian corn, then Spain and Italy can increase produc-
tion by 40% - to 4 million tons of grain, and by 11% - to
5.9 million tons.

The export prospects of Ukrainian corn in the
2024/25 MY may decrease, both due to reduced produc-
tion and weakened demand from key importers and in-
creased competition.

The 2025/26 Ukrainian corn export season started
very slowly. As of the end of November, only 2.4 million
tons were shipped to foreign markets - almost half as
much as in October-November last year. This is the
weakest start in the last three seasons. The reasons for the
slowdown are obvious: a delay in the harvesting cam-
paign, extended drying times, energy and railway infra-
structure damaged by Russian missile and drone strikes,
problems with grain delivery to ports - all this is holding
back exports today [22].

If we sum up all realistic sales directions, Ukraine
can achieve approximately the same export volume as
last year — about 20 million tons. But this is where the
key imbalance arises. This season’s production will be
higher — not 26.8 million tons, but about 31 million tons,
and possibly more. This creates an export potential of
24.5 million tons. The difference between potential and
actual demand, according to ASAP Agri, is almost 5 mil-
lion tons. In other words, this is the corn that today simp-
ly has no buyer on the world market” [22].

The surplus creates obvious risks. First of all, the
growth of transitional stocks, which will put pressure on
prices in the new season. Then, the probable decrease in
domestic CPT prices, as soon as domestic logistics to
ports improve. In fact, the price risks reacting already in

7

the second half of the season, when more supply will
enter the market at the same time [22].

The global corn market is projected to enter a stabi-
lization phase after 2020, with a moderate increase in
area of 37% being the most likely scenario. Significant
regional differentiation is expected, with China and Bra-
zil expanding rapidly, while the United States remains
neutral and Ukraine faces high uncertainty about its agri-
cultural future [23, 24]. Analyzing the dynamics of glob-
al production and consumption of major crops is crucial
for understanding trends and planning sustainable food
production. It is important to have a comprehensive ap-
proach that involves collaboration between scientists and
farmers to implement sustainable practices [24].

Program, objects and methods of research

The purpose of the research was to establish the dy-
namics of changes in sown areas, yields and gross corn
grain yields in Ukraine in the pre-war and war years and
to provide trend forecasts of their possible changes until
2027.

To achieve the goal, the following tasks were set:

— based on statistical data, to compile tables of
sown areas, yields and gross corn grain yields in Ukraine
for the period from 2013 to 2025;

— to conduct a statistical assessment of the relation-
ship between area and yield, area and gross yield and
between yield and gross grain yield;

— based on the data obtained, to construct graphical
dependencies that provide a visual characteristic of the
dynamics of changes in sown areas, yields and gross corn
grain yields in the years under study;

— to develop trend forecast models for changes in
sown areas, yields and gross corn grain yields and pro-
vide forecast values for sown areas, yields and gross corn
grain yields in Ukraine until 2027.

— to draw conclusions from the conducted research
and the obtained results.

The research program consisted in the consistent
implementation of the tasks set.

The object of the research was statistical data on
sown areas, yields and gross corn grain yields in Ukraine
for the period from 2013 to 2025.

Research methodology. Analytical and statistical
research methods were used in the conducted research.
The research results were processed in the MS Excel-
2007 environment. Using its tools, when processing sta-
tistical data, the correlation coefficients r and determina-
tion R2 were determined, the necessary graphical de-
pendencies were constructed according to the tasks, trend
forecast models of the dynamics of changes in the stud-
ied components of grain production were developed, and
the forecast values of sown areas, yields and gross corn
grain harvests in Ukraine until 2027 were determined.

Research results

In accordance with the task of the first stage of re-
search, using data from the literature review, a table of
sown areas, yields and gross corn grain harvests in
Ukraine for the period from 2013 to 2025 was compiled
(Table 1).

Analysis of the data obtained showed that the low-
est yield (5.71 t/ha) was observed in 2015, and the high-
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Table 1 — Sown areas, yields and gross harvests of
corn grain in Ukraine in the period 2013...2025

Table 2 — Statistical evaluation of the relationships
between corn coats, yield and gross grain harvest

est (7.84 t/ha) in 2021. The highest corn grain yield (7.84
t/ha) and the highest gross harvest (42.125 million tons)
were observed in the pre-war years, in 2018 and 2021,
respectively.

During the war period (2022—-2025), the minimum
yield and gross harvest values were within the limits of
6.67—6.54 t/ha and 27.0-26.8 million tons, respectively,
and their maximum values were quite close and amount-
ed to 7.74-7.27 t/ha and 32.5-32.0 million tons, respec-
tively.

At the next stage of the research, the correlation
coefficients r were calculated and a statistical assessment
of the relationship between area and yield, area and gross
harvest, and between yield and gross grain harvest was
carried out. The results obtained are summarized in
Table 2.

The determined correlation coefficients r provided
the following statistical assessment of the studied rela-
tionships in the studied pre-war and war periods.

In the pre-war period (2013-2022), a moderate
correlation was found between area and grain yield (cor-
relation coefficient r=0.310).

There is a correlation of medium strength between
area and gross grain yield, which is confirmed by the
higher value of the coefficient, which is r=0.637.

However, the strongest correlation was found be-
tween yield and gross grain harvest, which is estimated
by an increased correlation coefficient of r=0.848.

During the war period (2022-2025), the strength
of correlations changed.

The relationship between area and yield became
very weak, as evidenced by the too small value of the
correlation coefficient r=0.085.

But between area and gross harvest, as well as be-
tween yield and gross grain harvest, the strength of corre-
lations remained practically at the level of the pre-war

Area, thou- - . Correlation | o |ationship
Years sand hec- | Yield, t/ha Gross yield, Connections coeffi- assessment
tares million tons cients r
Pre-war period Pre-war period
2013 4,825 6,40 30,90 Area — yield ' 0,310 moderate
2014 4,625 6,20 28.45 A.rea — gross collection 0,637 average
2015 4,085 5,71 23,333 Yield - 0,848 high
7239 560 gross harvest
2016 : ) 27,969 War period
2017 4,433 5,44 24,115 Area — yield 0,085 very weak
2018 4,567 784 35805 Area — gross collection 0,678 average
2019 4,991 7,19 35,887 NN
Yield 0,786 high
2020 5,395 5,62 30,297 gross harvest : 9
2021 5,486 7,68 42,126
War period period - respectively, medium strength (r=0.678) and
strong level (r=0.786).
2022 4,05 6,67 27,0 Further, using the data in Table 1, graphical rela-
2023 4,20 7,74 325 tionships were constructed that provide a visual descrip-
tion of the dynamics of changes in sown areas, yields,
4,10 6,54 . : b
2024 268 and gross corn grain harvests in the studied years of the
2025 4,40 7,21 32,0 pre-war (2013-2021) period, as well as taking into ac-

count the war (2013-2025) period.

The analysis of the dynamics of changes in sown
areas, yields and gross corn grain yields in the pre-war
years (2013-2021), shown in Fig. 1, showed that changes
in yields and gross corn grain yields have a wave-like
character in the period 2013-2021 with coinciding phases
of fluctuations over the years.

The lowest yield (5.44 t/ha) was observed in
2017, and the highest (7.84 t/ha) was observed in 2018.
The lowest gross corn grain harvest (23.333 million t)
was observed in the pre-war years (2015), and the highest
(42.125 million t) was observed in 2021.

In the dynamics of changes in sown areas, unlike
yields and gross grain harvests, significant fluctuations
were not clearly observed. In the pre-war period, starting
in 2015, a stable growth in sown areas for corn began -
from 4,085 thousand ha to 5,486 thousand ha in 2021.

The dynamics of changes in the sown areas, yields
and gross corn grain harvests during the period including
the war years (2013-2025) is shown in Fig. 2.

During the war period (2022-2025), yields and
gross yields fluctuated annually, but their minimum
(6.67-6.54 t/ha, 27.0-26.8 million tons) and maximum
(7.74-7.27 t/ha, 32.5-32.0 million tons) values were
quite close. However, the sown area during the war years
decreased from 5,486, which was reached in 2021, to the
level of 4.05-4.4 thousand hectares in 2022—2025.

Further research was related to the development
of predictive trend models for changes in sown areas,
yields and gross yields of corn grain in the pre-war (Fig.
1) and together with the war years (Fig. 2) periods.

To select trend models that most accurately describe
the dynamics of changes in annual statistical data on
sown areas, yields and gross grain harvests, using the
tools provided in Excel, trend models of exponential,
linear, logarithmic, polynomial and power types were
considered with the corresponding equations and values
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Fig. 2 — Dynamics of changes in sown areas, yields and gross corn grain harvests during the period
including the war years (2013-2025)

of the probabilities of their approximation (coefficients
of determination R2). The results obtained are given in
Tables 3 and 4.

In the formulas of trend models, the symbol "x"
denotes the serial numbers of the years in the studied
period. That is, in the period 2013-2022, for 2013, x=1,
for 2014, x=2, etc.

Analysis of the results of the constructed trend
models by the coefficient of determination R? showed
that among the considered types of trend models, only
quadratic trend lines have the largest values (highlighted
in bold). However, not all of them adequately reflect the
dependence of gross grain harvests, yields and sown are-

9

as for corn on the time series of the period.

According to the definition, the coefficient of de-
termination R? measures what proportion of the variation
of the dependent variable "y" can be explained by the
variation of the independent variable "x;" in the trend
statistical model. In simple words, it shows how well the
model "fits" the data, that is, how well the independent
variable explains changes in the dependent variable.
Even more simply, we can say that the coefficient of de-
termination R? is the percentage of variation in the de-
pendent variable "y;" that can be explained by the inde-
pendent variable (or variables) "x;".

http://grain-feed.ontu.edu.ua
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It is believed that when:

0<R?<0.45 — the trend model is inadequate, i.e.
there is no relationship between the variables;

0.55<R’<1.0 — the trend model is adequate, i.e.
there is a relationship between the variables;

0.45<R?<0.55 — the coefficient of determination is
uncertain, i.e. it is impossible to determine the adequacy
of the trend model by its value.

Thus, according to the above, only the following
polynomial (quadratic) models can be considered ade-
quate trend models for the period 2013—2021.:

— for gross grain harvest y; = 0.449x* — 3.109x +
32.28, R*=0.608;

— for grain sowing area y; = 0.051x°> — 0.399x +
5.097, R*=0.889.

They show that the gross grain yield by 60.8% and
the sown area by 88.9% depend on the serial number of
the year in the studied period. The coefficient of determi-
nation for grain yield R2=0.174, i.e. changes in yield
depending on the year can only be explained by the serial
number of the year by 17.4%, i.e. the trend model is in-
adequate.

For the period 2013-2025, there are no adequate
trend models, since all three quadratic polynomial mod-
els for gross harvest, grain yield, and corn sown area
have determination coefficients of 0.124, 0.212, and
0.118, respectively, which lie in the range of inadequate
values (0<R?<0.45), when there are no reliable relation-
ships between the variables.

Above, Fig. 1 and 2 show the forecast values of the
studied indicators (gross harvest, grain yield, and grain
sown area) for the next 2 years. However, only the values
for gross grain harvest and sown area that were deter-
mined by adequate trend models will be reliable.

Thus, based on research from 2013-2021, the prob-
able forecast values for corn grain will be as follows:

— gross harvest in 2022 46.09 million tons, in 2023
52.41 million tons;

— sown areas in 2022 6.21 thousand hectares, in
2023 6.88 thousand hectares.

The predicted values for corn grain yield in 2022—
2023 could reach 7.54-7.89 tons/hectare, however, the
probability of such data is only 0.212.

Based on trend models compiled for 2013-2025,
which includes the martial law period, the following re-
sults could be expected in 2026 and 2027:

— gross harvest — 29.69 and 28.59 million tons;

—yield — 7.40 and 7.48 tons/ha;

—sown areas — 4.09 and 3.90 thousand hectares.

However, the probability of such data is too low — it
is 0.124, 0.212 and 0.118 for gross grain harvest, its yield
and sown areas, respectively. This situation is a conse-
quence of military actions on occupied and withdrawn
from circulation sown areas of the agricultural sector of
Ukraine.

Conclusions

1. Based on statistical data, tables of sown areas,
yields and gross grain yields of corn in Ukraine for the
period from 2013 to 2025 were formed and graphical
dependencies were constructed that provide a visual
characteristic of changes in the studied indicators.

2. A statistical assessment of the relationship be

tween area and yield and area and gross grain yield, as
well as between yield and gross grain yield, showed the

Table 3 — Summary of trend model indicators for

the pre-war period (2013-21)

Probability of

OS2 Trend Model Formula approximation
name R?
Gross corn grain harvest
Exponential [y, = 24,67e"%** 0,362
Linear y; = 1,389x + 24,03 0,395
Logarithmic ||y, = 3,817In(x) + 25,55 0,205
Polynomial [[y, = 0,449x” - 3,109x + 32,28 0,608
Power level [y, = 25,94x%5 0,179
Corn grain yield
Exponential [y, = 5,916e"%*"* 0,130
Linear y, =0,126x + 5,888 0,152
Logarithmic ||y, = 0,388In(x) + 5,967 0,099
Polynomial [[y, = 0,021x” - 0,084x + 6,275 0,174
Power level [y, = 5,995x%%3 0,080
Corn sowing area
Exponential [y; = 4,179e%%* 0,428
Linear ys=0,118x + 4,147 0,447
Logarithmic |y; = 0,292In(x) + 4,322 0,189
Polynomial [y; = 0,051x” - 0,399x + 5,097 0,889
Power level [y; = 4,337x%%8 0,175

Table 4 — Summary of trend model indicators for
the period including the war years (2013-25)

ges] g Trend Model Formula Efmaz;?g::i)f
name mation R’
Gross corn grain harvest
Exponential [y, = 27,84e%" 0,071
Linear y: = 0,344x + 28,14 0,065
Logarithmic |y, = 1,740In(x) + 27,53 0,065
Polynomial [y, = -0,097x%+1,713x+24,72 0,124
Power level [y, = 27,41x"%* 0,063
Corn grain yield
Exponential [y, = 5,997¢%" 0,208
Linear y, = 0,096x + 6,011 0,210
Logarithmic |y, = 0,446In(x) + 5,910 0,174
Polynomial [y, = -0,002x*+0,134x+5,916 0,212
Power level [y, = 5,922x"% 0,165
Corn sowing area
Exponential ~ [y; = 4,650e%% 0,015
Linear Y3 =-0,012x + 4,659 0,010
Logarithmic  (ys =-0,04In(x) + 4,642 0,004
Polynomial ys = -0,012x*+0,158x+4,230 0,118
Power level  [ly; = 4,639x 7% 0,007
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following. In the pre-war period (2013-2022), there was
a moderate correlation between area and yield (correla-
tion coefficient r=0.310), there was an average correla-
tion between area and gross grain yield (r=0.637), and a
strong correlation was observed between yield and gross
grain yield (r=0.848).

During the war period (2022—2025), the relationship
between area and yield became very weak (r=0.085), and
the relationships between area and gross harvest and
yield and gross grain harvest remained practically at the
pre-war level — medium (r=0.678) and strong (r=0.786),
respectively.

3. The dynamics of changes in sown areas, yields
and gross grain harvests of corn in the pre-war (2013—
2021) and war years (2013-2025) were studied. It was
shown that changes in yields and gross grain harvests of
corn in the period 2013-2025 have a wave-like character
with coinciding phases of fluctuations over the years.
The lowest yield (5.71 t/ha) was observed in 2015, and
the highest (7.84 t/ha) in 2021. The highest corn grain
yield (7.84 t/ha) and the highest gross harvest (42.125
million t) were observed in the pre-war years, in 2018
and 2021, respectively.

4. During the war period (2022-2025), yield and
gross harvest fluctuated annually, but their minimum
(6.67-6.54 t/ha, 27.0-26.8 million t) and maximum
(7.74-7.27 t/ha, 32.5-32.0 million t) values were quite
close.

In the dynamics of changes in sown areas, unlike
grain yields and gross harvests, no significant fluctua-
tions were clearly observed. In the pre-war period, start-
ing in 2015, a stable growth in corn sown areas was ob-

served. — from 4,085 thousand ha to 5,486 thousand ha in
2021. However, during the war years, sown areas de-
creased slightly to the level of 4,05-4,4 thousand ha.

5. The developed predictive trend models for
changes in sown areas, yields and gross harvests of corn
grain in the pre-war and together with the war years have
the form of quadratic polynomials, which provided the
largest values of reliability coefficients (R2 determina-
tion) compared to typical (linear, exponential, logarith-
mic and power) trend lines.

6. In the pre-war period, the trend line for sown are-
as has the highest reliability (R?=0.889), a slightly lower
one (R?=0.608) for gross harvests and a very weak one
(R?=0.174) for sown areas. All three trend lines have
minima and over the years provide a gradual increase in
the considered indicators.

The trend lines obtained taking into account the war
years have low reliability, as evidenced by the values of
the R? determination coefficients, which are 0.212, 0.124
and 0.118 for yield, gross harvests and sown areas, re-
spectively. In addition, the trend lines have maxima (the
coefficients at x2 are negative), which shows a gradual
decrease in the forecast values with each subsequent
year. The forecast values of sown areas, yields and gross
corn grain vyields, calculated using the obtained trend
equations, are 4.09-3.90 thousand hectares for 2026 and
2027, respectively; 29.69-28.59 million tons and 7.40—
7.48 tons/hectare.

However, these values have low reliability, caused
by inadequate changes in the considered indicators as a
result of military actions, which significantly affected the
results of the agricultural sector of Ukraine.
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JTUHAMIKA TA TEHJIEHIII BUPOBHUIITBA 3EPHA KYKYPY/I3U
B YKPAIHI Y JOBOEHHUH TA BOEHHUH NEPIOIU

Anomauin

Cmamms npuceauena ananizy menoenyiti, 06IpYHMYSaHHIO NPOOIeM MA HANPAMKAM ROCULEHHs 00cA2I8 8Upo -
HUYmMea KyKypyo3u Ha 3epHo 8 YKpaini y 0ogoeHnuii ma 6ocunul nepioou. Ilpoananizoeano micye Yrpainu cepeo npo-
BIOHUX eKcnopmepie KYKypyo3u y ceimi ma OUHamiky it eupoounuuux noxkasnuxis. Haoano oyinky mendenyiii ypooicaii-
HOCMI, 8108020 300py Ma eUPOOHUYMEA KYKYpYO3U HA 3epHO 8 YKpaiui 6 pisHux pezionax. Ilpogedeno cmamucmuuny
OYIHKY 630A€EMO36'A3KY MIdIC NIOWEI0 MA 8PONCAUHICII0 MA NAOWEI0 MA 8aAl08UM 300pOM 3epHA, A MAKOIC MidC 8D O-
JHCatHIiCMIo ma 8an08UM 300pOM 3epHA KYKYPYO3U 8 OKpeMux pezionax Yxpainu ma 3a nesni nepioou secemayii. Ilpo-
8€0€HO CIMAMUCMUYHY OYIHKY KOPeNAYIIHUX 36 5I3KI8 Midic NIOWer0, BPOICALIHICINI0 MA 8ANI08UM 300pOM V PIi3Hi nepioou
secemayii. Ocobausa ysaea NpuoIsIEMbC NOPIGHANLHOMY AHANIZY pe3yIbmamie supoOHUYMEA 3epHA V 00B0EHHUL
(2013-2021) ma eoennuii (2022-2025) nepioou. Ha ocnosi ompumanux 0anux po3pooieno mperHoosi npoSHO3Hi MOOel
po3ssumky eanysi 0o 2027 poky. Oxapakmepu308ano 0CHO8HI NpobaeMu pO3SUMKY 3ePHOB020 BUPOOHUYMEA 6 YKpaiui y
0080€HHUL Nepiod ma y 8OCHHUL nepiod Kpainu. Ompumani pe3yrbmamu ceiouams npo me, Wo, He38axicaryu Ha 8u-
KIUKU BOEHHO20 YACY, 2ANY3b 30epieac 3HauHull a0anmusnull nomenyian. 3a pe3yibmamamu KOpeiayiiHo-peepeciinoco
amanizy 6CMAaHo8IeH0 BUCOKY WINbHICMb 363Ky MIdIC 8pOdcaliHicmIo ma 00cieamu 8UpOOHUYMBA, W0 NIOMEEPOICYE
BUBHAYANLHY POb IHMeHcudikayii mexuonoziil y cyvacnux ymosax. Ha ocnosi nobyoosanux npoernosuux mooenei (7i-
HIUHUX MA NOJTHOMIAIbHUX MPeHOI8) 00IPYHMOBAHO cyeHapii po3eumky 2anysi 0o 2027 poky. 32i0Ho 3 npoeHo3oMm, 3d
YMO8U cmabinizayii 102iCMUYHUX MAPUPymie OYiKyEMbCsi NOCMYN06e 8iOHOGIEHHS 8AI0B020 MOHHAMNCY 00 pisHs 25,6—
27,8 man moun. Ilpaxmuyne 3HAYEHHS OMPUMAHUX De3YNbIMAMIE NONA2AE Y BUSHAYEHHI KIIOYOBUX (axmopis, ujo
CMPUMYIOMb eKCHOPM, 30KpeMd PYUHYBAHHA NOPMOBOL IHppacmpyKkmypu ma 6UCoKka 6apmicmes eHepeoHociie 05 Cy-
winns 3epua. Cihopmynvosano pexomenoayii wo0o oueepcuixayii 102icMuyHUX Mapuipymis ma po3uwuperus. GHym-
Piuinbol nepepobKu KyKypyo3u siK IHCMpYyMeHmY 30iibieHHs: 000anoi 8apmocmi.

KuiiouoBi c10Ba: Kykypy/a3a Ha 3epHO, NMOCiBHA IUIOIIA, BPOXKAWHICTH, BUPOOHMUTBO, CylIiHHS Ta 30epi-
TFaHHA 3epHa KYKYPY/A3H, CTATUCTUYHA 00podKa, Moei MPOrHo3yBaHHs TPEHAIB.
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