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Abstract

Boiko, P., Kovalenko, N., Yurkevych, Ye., Albul, S. & Valentiuk, N. (2024). The efficiency of maize production
under the conditions of climate change in Ukraine: the use of highly productive hybrids and scientific technologies
with elements of biologization. Bulg. J. Agric. Sci., 30(4), 739-746

Cultivation of varieties and hybrids of grain crops with the use of scientific technologies with elements of biologization
helps to preserve biodiversity and reduce the negative impact on the environment, while simultaneously solving the grain-food
problem and providing consumers of the world market with high-quality grain products, especially in conditions of climate
change. The article examines Ukraine’s prospects on the world market of corn grain and outlines ways to increase the effi-
ciency of its production, taking into account the global challenges and threats of today.

The purpose of the article is to establish the long-term dynamics of sown areas, production and yield of maize in Ukraine, ways
to increase the export potential of Ukrainian maize based on the complex implementation of high-yielding hybrids and scientific
technologies with elements of biologization in the conditions of the negative impact of climate change and other stress factors.
The methodological approach takes into account the general concepts of the development and features of agrarian production
based on the use of data of the Food and Agriculture Organization of the United Nations, United States Department of Agriculture,
United Nations, Ministry of Agrarian Policy and Food of Ukraine and State Statistics Service of Ukraine. Statistical data on the
world production and export of maize grain, the dynamics of sown areas, production and yield of maize in Ukraine are demon-
strated, which directly focus attention on the competitiveness of Ukrainian maize on the world grain market.

These arguments are confirmed by the analytical results, which show that in 2022, despite the negative impact of the cli-
matic factors and a full-scale armed attack by the russian federation, Ukraine entered the top five global producers and the top
four global exporters of maize grain. Conceptually identified key problems, the solution of which will ensure further growth
of maize productivity in different soil-climatic conditions. For the effective production of grain maize, a number of adaptation
measures are proposed to overcome the negative impact of climate change and other stress factors, which consist in the com-
plex application of high-yielding hybrids and environmentally safe technologies, which include: the use of plant residues with
the use of modern biodestructors for the maximum use of their natural mass, which along with the implementation of scientifi-
cally based crop rotations, the introduction of organic and mineral fertilizers and plant protection products, will contribute to
the preservation of biodiversity and the solution of the grain-food problem in the world.

Keywords: maize; hybrids; yield; environmentally safe technologies; crop rotation; plant residues; biodestructors;
climate change



740 Petro Boiko, Nataliia Kovalenko, Yevgen Yurkevych, Serhii Albul and Nataliia Valentiuk

Introduction

Growing high-yielding varieties and hybrids with the use
of environmentally safe technologies, which ensure the re-
duction of the negative impact on the environment and the
preservation of natural resources, as well as satisfy the con-
sumers of the world market with high-quality agricultural
products, is becoming important in the world today (Kova-
lenko, 2014; Kovalenko & Hloba, 2021). To solve these prob-
lems, it is important to apply ecologically safe technologies
based on the systematic use of scientifically based measures
that contribute to the regeneration of quality components of
the environment through self-recovery processes, and also
provide a solution to the grain-food problem, especially in
connection with climate change (Kovalenko, 2012b; Ko-
valenko & Bey, 2021; Kovalenko & Yehorova, 2022). The
relevance of the study increases due to the full-scale armed
attack of the russian federation on Ukraine, when there were
risks of increasing world food prices by 22% and causing
hunger of tens of millions of people in many countries of the
world (Official Website of the FAO, 2022).

The purpose of the article is to establish the long-term
dynamics of sown areas, production and yield of maize in
Ukraine, ways to increase the export potential of Ukrainian
maize based on the complex implementation of high-yield-
ing hybrids and scientific technologies with elements of biol-
ogization in the conditions of the negative impact of climate
change and other stress factors.

Ukrainian and foreign scientists have proposed a system of
environmentally safe technologies based on biologization ele-
ments, which ensure the diversification of agrarian production
and reduce the riskiness of its management in different soil-
climatic conditions. In particular, for adaptation to climate
changes and under martial law conditions, the effective use of
modern varieties and hybrids of agricultural crops with high
genetic potential for productivity and quality, stable resistance
to diseases, pests and other adverse environmental factors has
been established (Biliavska et al., 2021; Elsayed et al., 2022;
Morhun, 2001a; Morhun, 2001b; Morhun et al., 2018). In con-
nection with the fact that during extreme climatic phenomena,
the role of crop placement is increasing, taking into account
the agrobiological characteristics of crops, the structure of
sown areas and crop rotation become one of the main elements
of biologization, which contribute to the accumulation, pres-
ervation and rational use of soil moisture, as well as the regu-
lation of the nutritional regime soil (Demidenko et al., 2020;
Demydenko et al., 2018; Demydenko et al., 2019; Kovalenko,
2014; Mitova, 2021). To solve the problem of reproduction of
soil fertility, which is aggravated by the growing deficiency of
basic nutrients, attention is focused on the importance of op-

timal application of organic and mineral fertilizers (Berezyuk
et al., 2021; Georgieva et al., 2022). In order to effectively
provide the soil with organic matter, which is the basis of soil
formation processes and an important source of nutrients for
agricultural crops, maximum attention is paid to the use of the
natural mass of plant residues — straw of grain crops, tops and
stalks of maize and sunflower, husks of root crops, as well as
siderates (Boiko & Kovalenko, 2017; Kovalenko, 2012a).

At the same time, establishing the importance of accel-
erating recovery processes in the soil based on the destruc-
tion of plant residues through the use of biologically active
drugs — biodestructors, is of great importance for reducing
the negative impact on the environment and satisfying con-
sumers of the national and world market with high-quality
agricultural products and requires further study, especially in
the conditions of change climate

Material and Methods

The research is based on the use of general scientific
principles of complexity and systematicity, objectivity and
consistency, multifactoriality and comprehensiveness, which
provide a holistic solution to the problem. To achieve the
goal of the study, analysis, synthesis, typology, classification,
and also comparative-historical, problem-chronological, and
retrospective research methods were used. Graphical and
statistical methods were used — to analyze the dynamics of
production, yield and sown areas of maize; abstract-logical —
for generalization and critical analysis of the effectiveness of
the application of maize hybrids and biodestructors when us-
ing plant residues in crop rotation, and also for the formation
of conclusions. The information base includes statistical data
of the Food and Agriculture Organization of the United Na-
tions, United States Department of Agriculture, United Na-
tions, Ministry of Agrarian Policy and Food of Ukraine and
State Statistics Service of Ukraine. It covers a wide range
of published materials, the basis of which are the scientific
works of scientists from various areas of research: the cul-
tivation of maize hybrids, the introduction of biologization
elements, the optimization of the structure of sown areas and
the crop rotation system, the use of plant residues in different
soil-climatic conditions.

Results and Discussion

Analyzing the structure of world grain production, it can
be proven that maize is the leader among other grain crops.
In particular, in 2022, the largest share falls on grain produc-
tion: maize — 42%, wheat — 28%, rice — 18%, barley — 6%,
other grain crops — 6% (Official Website of the FAO, 2022).
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After all, maize is a highly productive crop that is widely
used in various branches of agriculture and industry around
the world. For example, for the production of food products,
as a high-energy feed for livestock and poultry farming, as
a raw material for the production of biofuel and biogas, in
the pharmaceutical, chemical and other industries, as well as
nutritious green fertilizers (Boiko, 1990). Thus, the valuable
properties of maize ensure its steadily growing demand on
the world market.

Another important factor in the increase in the production
and export of maize grain is the stable growth of its global
consumption due to the increase in the number of the planet’s
population, which during 1950-2022 increased more than 3
times to 8 billion people, and in 2050, according to UN fore-
casts, it will increase to 9.7 billion persons (Official Website
of the UN, 2022). During the 2011/2012-2021/2022 market-
ing years, there is a trend towards a 33% increase in world
production of maize grain, which in the 2021/2022 market-
ing year amounted to 1 206 million tonnes. During this pe-
riod, the world export of maize grain increased by 71% and
in 2021/2022 marketing year amounted to 200 million tonnes
(Figure 1).

Such a trend in increasing the world production and ex-
port of maize grain indicates the ability to satisfy the demand
for products of its production even with an annual increase in
the population of the planet by 60 million people in the next
30 years. However, the trends caused by negative factors
that are capable of restraining the further growth of world
production of maize grain have intensified (Kovalenko &
Hloba, 2021).

One of them is global climate change, which leads to
environmental and phytosanitary destabilization of agrar-
ian production in all countries of the world. For example,
during 1990-2020, Ukraine experienced a rapid increase in
the average annual air temperature by 1.2°C (Ivaniuta et al.,
2020). This causes a reduction in the duration and intensity
of winter periods and leads to phytosanitary destabilization
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Fig. 1. Dynamics of world production and export of maize
for the period 2011/2012-2021/2022 marketing years
Source: Compiled by the authors based on the data from official
website of the Food and Agriculture Organization of the United
Nations

of agrarian production due to early activation, reproduc-
tion and spread of pests and diseases. During this period,
the average temperature in Ukraine in January and Febru-
ary increased by 1-2°C, which caused a change in the sys-
tematicity of seasonal phenomena — snowfall, spring floods,
and the beginning of the flowering of crops. In addition, the
number and intensity of dust storms, dry spells and droughts,
which occur on average in Ukraine once every three years,
have increased. For example, in 2015, Ukraine was hit by
a drought, which became the largest in 140 years, starting
from 1881 (Yurkevych et al., 2021). At the same time, there
is an uneven distribution of precipitation and the intensity of
precipitation, which are torrential in nature and cause floods
and inundation, which lead to inefficient accumulation of
moisture in the soil (Climate Change in Ukraine, 2022). In
this context, the growth of maize grain production is possible
on the basis of the comprehensive introduction of high-yield-
ing hybrids that are resistant to drought, diseases and pests,
as well as scientific technologies with elements of biologiza-
tion, which ensure the reduction of the negative impact on
the environment and the preservation of natural resources,
and will also satisfy the consumers of the world market high-
quality grain products (Kovalenko, 2019).

Currently, the production of maize grain has become
widespread in 166 countries of the world due to its high level
of productivity, as well as adaptability to various soil and
climatic conditions. The role of Ukraine in the world market
of maize grain production is becoming more significant. If
until 1992 Ukraine was not included in the top twenty at all,
then in 2010 it was established in the top ten world produc-
ers of maize grain, ahead Italy, Canada, Romania and Hun-
gary (Official Website of the USDA, 2022). In the 2021/2022
marketing year, Ukraine entered the top five world leaders
in maize grain production, including the USA, China, Brazil
and Argentina (Figure 2). After all, the total volume of maize
grain production of these countries is 8235 million tonnes or
68% of the global indicator. At the same time, Ukraine over-
took maize grain production: India with 32.5 million tonnes,
Mexico with 27.6 million tonnes, South Africa with 16.3
million tonnes, France with 15.4 million tonnes. In addition,
Ukraine, together with the USA, Brazil and Argentina, en-
tered the group of the world’s largest maize grain exporters,
which provided 173.0 million tonnes or 84% of exports.

Annually, 75-85% of Ukrainian maize grain is sold on
foreign markets, where the leading importing countries are
China and the countries of the European Union: Romania,
Spain, Poland, Italy, Netherlands and Hungary (Figure 3).
The growing demand of the European Union countries for
Ukrainian maize is justified by their close location, which
greatly facilitates logistics. Turkey, which is geographically
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closest to Ukraine, has become a promising market for maize
grain for Ukrainian farmers (Official Website of the FAO,
2022). Thus, today Ukrainian production of maize grain is
in great global demand due to relatively low prices and the
optimal geographical location of Ukraine relative to the lead-
ing importing countries.

We will analyze the dynamics of agrarian production in
Ukraine during 1990-2021. During this period, the sown
areas of the main groups of agricultural crops were unsta-
ble and changed significantly over the years (Figure 4). In
particular, the sown area of grain crops increased by 11%:
from 14.6 million ha to 15.9 million ha. In this context, an
important role was played by the tendency to increase the
sown area maize for grain — almost 4.5 times: from 1.23 to
5.48 million ha. In addition, it is possible to state an almost
3-fold increase in the sown area of technical crops, especial-
ly sunflower and rapeseed. At the same time, the sown areas
of fodder crops decreased by almost 8 times, which caused a
decrease in the sowing of maize for silage and green fodder,
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perennial and annual grasses (Official Website of the State
Statistics Service of Ukraine, 2022).

Consequently, significant changes took place in the struc-
ture of grain, technical and fodder crops, which led to a vio-
lation of the use of optimal predecessors and periods of re-
turn of agricultural crops to the previous place of cultivation
in crop rotations. Such a violation of the structure of sown
areas leads to a decrease in the yield of agricultural crops
due to a reduction in moisture reserves in the soil, a decrease
in its fertility level, an accumulation of infectious diseases,
the spread of specific weeds and pests, etc. (Yurkevych et
al., 2021).

Thanks to the introduction of high-yielding varieties and
hybrids adapted to high temperatures and a limited amount
of moisture, as well as scientific technologies for their culti-
vation, during 1990-2021, Ukrainian farmers increased the
national production of grain crops by 69% (Official Website
of the State Statistics Service of Ukraine, 2022). In addition,
there was progress in increasing the production of maize for
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Fig. 3. Leading importers
countries of Ukrainian maize
in the 2021/2022 marketing
year
Source: Compiled by the authors
based on the data from official
website of the Food and Agriculture
Organization of the United Nations
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Fig. 4. Dynamics of the
structure of sown areas of the
main groups of agricultural
crops in Ukraine for the
period 19902021
Source: Compiled by the authors
based on the data from official
website of the State Statistics
Service of Ukraine
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grain by almost 9 times, which amounted to 42.1 million
tons in 2021. There was also progress in increasing the yield
of maize by 2 times — by almost 0.123 t/ha per year, which
in 2021 amounted to 7.68 t/ha (Figure 5). However, this is a
much lower indicator than the potentially possible level of
productivity, which in the countries of the European Union
is 10.0 t/ha and more (Official Website of the FAO, 2022).

Annually in Ukraine, 93-98% of the sown areas of grain
crops are sown with seeds of high reproduction of the first
class. The specific weight of zoned varieties and hybrids is
94-95%, of which Ukrainian selection is 75-78%, which
significantly increases the yield of grain crops (Yurkevy-
ch et al., 2021). In 1991, 54 maize hybrids were grown in
Ukraine, of which 38 or 70% were of Ukrainian selection.
In 2021, their number increased more than 20 times, and
amounted to 1285 maize hybrids, of which 302 or 24% of
Ukrainian selection, which were created at the Institute of
Plant Physiology and Genetics of the National Academy of
Sciences of Ukraine, many scientific-research institutions
of the National Academy of Agrarian Sciences of Ukraine
and private companies (Morhun et al., 2018). At the same
time, during this period, the use of maize hybrids of foreign
selection increased from 16 or 30% to 983 or 76%, which
were created by foreign companies, including well-known
firms: Pioneer, Monsanto, Syngenta and others. The demand
for maize seeds of foreign selection is ensured by the fact
that foreign companies engaged in its implementation offer a
range of services, which includes not only the sale of seeds,
but also scientific technologies with the appropriate supply
of fertilizers and plant protection products, which collective-
ly contributes to the growth of maize grain yield.

In 2022, the russian federation’s full-scale invasion of
Ukraine virtually halted Ukrainian maize exports due to
port closures and damage to the transport and storage in-
frastructure, which was partially restored thanks to rail and
road transport. In addition, due to lack of fuel, shelling, min-
ing of the territory and problems with logistics, only 75%
of arable land in Ukraine was sown. In particular, the sown
area of grain crops decreased to 11.7 million ha, maize — to
4.63 million ha, which negatively affected their production.
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Only 53.1 million tonnes of grain crops were collected with
a yield of 4.54 t/ha, including maize grain — 25.6 million
tonnes with a yield of 5.53 t/ha (Official Website of the Min-
istry of Agrarian Policy and Food of Ukraine, 2023). These
are the lowest indicators in the last ten years, which were
also negatively affected by: the climatic factor — rainy sum-
mer and autumn; the inability of some agricultural producers
to optimize the application of fertilizers for plant protection
products; lack of elevators, which forced to leave part of the
maize crop to winter in the field.

At the same time, the use of maize hybrids of Ukrainian
selection expanded due to the increase in the cost of imports,
which made foreign seeds several times more expensive than
Ukrainian ones. After all, Ukrainian hybrids of maize are not
inferior to foreign ones in terms of productivity and rates of
grain moisture loss in years favorable for the development of
maize. In addition, thanks to better adaptability to local soil-
climatic conditions, Ukrainian hybrids exceed foreign ones
in terms of quality indicators in unfavorable and stressful
years, which are increasingly manifested in Ukraine.

In 2023, the situation in the agrarian sector may deteriorate
significantly due to the shortage and high prices of seeds, fuel,
mineral fertilizers and plant protection products. This will
force Ukrainian farmers to reduce the application of fertilizers
and plant protection products, which will lead to a decrease in
the yield and quality of agricultural crops, in particular maize.
To overcome the negative impact of climatic changes and
other stress factors, a number of adaptation measures are pro-
posed, which consist in the comprehensive implementation of
high-yielding maize hybrids and ecologically safe growing
technologies, which include the use of plant residues with the
use of modern biodestructors to accelerate the recovery pro-
cesses in the soil based on their destruction, which, along with
the introduction of scientifically based crop rotations, the in-
troduction of organic and mineral fertilizers and plant protec-
tion products, will contribute to the preservation of biodiver-
sity and the solution of the grain-food problem in the world.

For the efficient production of maize grain, in different
soil-climatic conditions of Ukraine, it is recommended to grow
hybrids of certain maturity groups. In particular, in the Steppe
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— mid-late and late-ripening hybrids (FAO 400-599), in the
Forest-Steppe — mid-early and mid-ripening (FAO 200-399),
in the Polissia — early-ripening and mid-early (FAO 100-299).
Highly productive maize hybrids were created at the Institute
of Plant Physiology and Genetics of the National Academy
of Sciences of Ukraine. Their characteristic features are high
productivity, heat resistance and drought resistance, cold re-
sistance, rapid moisture release, high resistance to diseases
and pests, stem lodging and brittleness, stressful environmen-
tal conditions and many valuable properties. In particular, the
grain yield of the specified maize hybrids is: in the Steppe,
11.9-17.0 t/ha at a humidity of 12—14%; in the Forest-Steppe
— 10.3-16.4 t/ha at a humidity of 15-20%; in the Polissia
11.5-14.3 t/ha at a humidity of 15-20% (Morhun et al., 2018).
At the same time, due to global warming, there is a decrease in
the cultivation of late-ripening maize hybrids and a transition
to early-ripening, mid-early and mid-ripe varieties.

To obtain a high yield of maize for grain in different soil-
climatic conditions, it is necessary to observe all components
of scientific cultivation technologies: optimal place in crop
rotation, sowing rate, sowing date, fertilization and plant
protection, tillage, and others (Boyko et al., 2019; Orekhivs-
kyi et al., 2022). An important source of nutrients for maize
is the maximum use of the natural mass of plant residues of
agricultural crops, which are an effective reserve for provid-
ing the soil with organic matter (Boiko & Kovalenko, 2017;
Borodai & Kovalenko, 2022; Kovalenko, 2012a). Plant resi-
dues improve the microflora of the soil, suppress the growth
and development of harmful organisms, protect the soil from
erosion, increase the yield of agricultural crops and the qual-
ity of products (Kovalenko, 2021; Kovalenko & Boroday,
2021; Terrer, 2019). At the same time, when plant residues
are wrapped in the soil, long-term decomposition of fiber oc-
curs, which creates a deficit of mineral nitrogen (Clarkson &
Hanson, 1980; Wittgenstein et al., 2014).

The effectiveness of the use of plant residues increases
when combined with other agrotechnical measures in crop
rotations: the use of siderates, the introduction of organic
and mineral fertilizers and plant protection agents (Stani-
forth, 1979; Yurkevych et al., 2011; Alemu et al., 2020). To
accelerate the decomposition of plant residues, modern bio-
destructors are used, which enrich plant residues with use-
ful and viable microorganisms, fungi and bacteria (Carter &
Findlater, 1989; Fowber & Brydon, 1989). Modern biode-
structors are distinguished by stability and active action in
conditions of low and high temperatures, stability to stress
factors — drought and moisture deficit, which is important in
conditions of climate change (Stubble Biodestructors, 2014).
Thanks to their application, microbiological activity and
biochemical processes in the soil are supported (Dar, 2009;

Kovalenko et al., 2021; Niranjane et al., 1993); pathogenic
microflora is suppressed (Hossain et al., 2017).

Biodestructors are divided into groups: fungal origin,
bacterial origin, and others — humates, trace elements, nu-
trients, biologically active substances, etc. (Stubble Biode-
structors, 2014). Modern biodestructors include preparations
developed by Ukrainian specialists. In particular, Tselulad of
fungal origin was developed by LLC Trading House “En-
zym-Agro”, Ekostern of bacterial origin was developed by
specialists of the “BTU-Center” company, which is charac-
terized by cellulose-destroying and fungicidal properties.
Preparations based on humates are used as a nutrient me-
dium for the development of microorganisms in the soil.

The use of modern biodestructors Ekostern and Tselulad
accelerates the decomposition of straw and ensures an in-
crease in the yield of all crops in crop rotations (Yurkevych
etal., 2017). The developed complex of polysaccharides pro-
motes moisture retention and protects microorganisms from
ultraviolet rays (Yurkevych & Bierov, 2016; Yurkevych &
Alzhaiem, 2016). In arid conditions, the effectiveness of bio-
destructors increases significantly when irrigation is used, as
a result of which the degree of destruction of plant residues
by 2.2-2.6 times (Niranjane et al., 1993).

Conclusion

According to the results of the conducted research, it was
established that the stable growth of the global consump-
tion of maize grain is due to its valuable properties, as well
as due to the increase in the number of the planet’s popula-
tion, which in 2022 has increased to 8 billion people. The
comparative analysis showed that during the 2011/2012—
2021/2022 marketing years, there is a trend towards an in-
crease in the world production of maize grain by 33%, which
in the 2021/2022 marketing year amounted to 1206 million
tonnes, and the world export of maize grain by 71%, which
amounted to 200 million tonnes. Based on the calculations,
it was found that in the 2021/2022 marketing year, despite
the full-scale armed aggression of the russian federation,
Ukraine entered the top five world leaders of producers and
the top four world leaders of exporters of maize grain. It has
been proven that due to relatively low prices and optimal
geographical location, China and the countries of the Euro-
pean Union: Romania, Spain, Poland, Italy, Netherlands and
Hungary became the leading importers of Ukrainian maize.

The comparative analysis showed that during 1990—
2021, the production of grain crops in Ukraine increased by
69% thanks to an increase in the production of maize grain
almost 9 times — from 4.74 to 42.1 million tonnes due to an
increase in its sown area by almost 4.5 times — from 1.23
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to 5.48 million ha, and also the comprehensive introduction
of high-yielding hybrids and scientific technologies. Due to
high competition in the foreign market, the sown areas of
technical crops increased by 3 times thanks to the expansion
of sunflower and rapeseed. At the same time, the sown areas
of fodder crops decreased by almost 8 times due to the rapid
decrease in the sowing of maize for silage and green fodder,
perennial and annual grasses. Such an unjustified transfor-
mation led to a violation of the use of optimal predecessors
and periods of returning maize to the previous place of culti-
vation in crop rotations.

Based on the calculations, it was proved that due to the
complex introduction of high-yielding hybrids and scientific
technologies, Ukraine has made progress in increasing the
production and yield of maize. These arguments are con-
firmed by analytical results, which show that during the re-
search period, the yield of maize grain increased by 2 times
— by almost 0.123 t/ha per year. At the same time, due to the
negative impact of climate change and unjustified transfor-
mation of the structure of sown areas, it is significantly lower
than the potentially possible level. The comparative analysis
proved that in 2022, the military actions of the Russian fed-
eration in Ukraine caused a sharp decrease in the yield of
maize grain to the lowest rate in the last ten years — 5.53 t/
ha, which, along with a 15% reduction in the sown area, led
to a decrease in the production of maize grain by 1.7 times.

A number of adaptation measures are proposed to over-
come the negative impact of climate change and other stress
factors, which consist in the comprehensive implementation
of high-yielding maize hybrids adapted to local soil-climatic
conditions, and scientific technologies with elements of biol-
ogization, which include scientifically based crop rotations,
the introduction of organic and mineral fertilizers and plant
protection products, the use of plant residues with the use
of modern biodestroyers to accelerate the regeneration pro-
cesses in the soil based on their destruction, which will en-
sure the competitive production of maize grain, taking into
account the global challenges and threats of today.
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