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ABSTRACT

The article analyzes the ecological condition of the soil and identifies the main problems of the
environmentalization of land use in Ukraine in the case of the Kharkiv region. Deterioration of the
ecological condition of agricultural land, weakening of their erosion resistance, violation of the
optimal structure of land, reduction of the content of humus and basic nutrients lead to a decrease in
land productivity. In general, the current state of environmental safety of land is quite unsatisfactory,
so it significantly reduces the quality and volume of agricultural production. The analysis of the
situation and the forecast of the efficiency of soil fertility show that due to the sharp decrease in the
application of organic and mineral fertilizers, insufficient implementation of forest reclamation, and
anti-erosion measures, degradation processes have intensified in all areas. The problem with the
balance of nutrients has become more acute, the acidity of the soil solution is increasing, the humus
content is reducing, and the intensity of erosion processes has significantly increased. Thus, to ensure
the formation of environmentally friendly agricultural land use, an important condition is the creation
of a scientifically sound structure and optimization of the ratio of productive (arable land) and

environmentally friendly (hayfields, pastures, wooded areas) land use.
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1. Introduction
Ukraine, the second-largest country in Europe, is
known as the region's breadbasket due to its black
soil — a type of soil that is extremely fertile and
rich in organic matter called humus [1]. The
black soil, which occupies more than half of the
entire territory of Ukraine, creates exceptional
agronomic conditions for growing a wide range
of crops. Ukraine's proximity to major
neighboring markets — the European Union - and
access to deep-water ports on the Black Sea
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provide direct access to world markets and, above
all, to major grain importers in the Middle East
and North Africa. Despite favorable agricultural
conditions, Ukraine’s serious problem is the
constant degradation of soil due to irrational land
use and the erosion caused by it. Thus, every
year, more than 500 million tons of arable land
suffer from erosion, which has already led to a
decrease in soil fertility in an area of more than
32.5 million hectares of land. Erosion causes a
loss of a third of every dollar from value-added
created in agriculture, and 10 tons of eroded soil
account for every ton of produced grain. It is also
worth noting that the state of degradation and
desertification of agricultural land is directly
affected by the rate of climate change with a
sharp increase in average annual temperatures
and the frequency of force majeure weather
phenomena [2]. The current state of crisis in
Ukraine's land resources, declining soil fertility,
and the widespread degradation processes
determine the need for significant changes in
human  economic  activity and  nature
management. In this regard, it is extremely
important to apply a systematic approach to
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assessing the current environmental and
economic condition of agricultural land and
providing scientifically sound recommendations
for rational environmentally friendly agricultural
land use [3, 4].

To ensure the conditions for the formation of
sustainable agricultural land use, an important
condition should be the creation of a
scientifically sound spatial structure and
optimization of the ratio of productive and
environmentally friendly land by reorganizing the
agricultural area. The main environmentally
friendly elements of this structure are agro-
ameliorative and forest reclamation measures that
form the ecological framework of agro-
landscapes and are the basis for providing
favorable agro-environmental parameters for
field crops, hayfields, pastures, etc. [4-6].

2. Literature Review

Today, environmentalization is referred to as the
process of gradual and consistent implementation
of systems of technological, managerial, and
other solutions that increase the efficiency of
agricultural land use and the conditions for
maintaining land quality. The main tasks of
environmentalization of agricultural land are as
follows: to reduce environmental losses caused
by the use of intensive chemicalization of
agricultural land; to implement measures for the
application of organic fertilizers that will ensure a
deficit-free balance of humus in the soil; to take
measures for mechanization, chemicalization, and
land reclamation based on the latest methods; to
apply anti-erosion measures and new methods of
tillage, liming, soil, and minimization of tillage
[7].

Many scientists consider the processes of
environmentalization of agricultural land use in
Ukraine, to mention S.A. Balyuk, O.S. Budziak,
V.V. Gorlachuk V.M. Drugak, Yu.O. Lupenko,
V.Ya. Mesel-Veselyak, V.Ya. Novakovsky, V.
M. Trehobchuk, A.M. Tretyak, M.M. Fedorov,
M.A. Khvesyk, O.V. Khodakivska [8-17] and
others. Despite the fact that considerable
attention has recently been paid to the study of
water pollution and climate change [18-19]
however, features of land use
environmentalization require additional analysis
and research. Issues related to the establishment
and observance of environmental imperatives of
state regulation of land relations in Ukraine and
the world remain controversial. In turn, the
reform of land relations in Ukraine is at the stage
of decentralization of power, which encourages
the need to study world experience in this field

and prospects for its adaptation to national
economic conditions [13-15].

Further search for the ways to solve
environmental problems in the field of
agricultural land use requires coordination of
economic and environmental goals of any
economic activity, i.e. the choice of the ratio at
which the greatest overall economic and
environmental effect is achieved [17].

3. Materials and Methods

The research materials included literature
sources, statistical data on Ukraine and the
Kharkiv region, as well as some works of
contemporary Ukrainian and foreign scientists on
the processes of environmentalization of
agricultural land wuse. The wuse of logical,
analytical, comparative, and descriptive methods,
which allowed highlighting the relevance and
issues of the formation of environmentally
friendly land use. The article is based on
theoretical and methodological principles of
complex research of environmental consequences
of functioning of current agricultural land use
with the application of modern methods of
studying the phenomena and processes. They are:
monographic analysis — to consider and
generalize theoretical bases of
environmentalization and its influence on the
formation of agricultural land uses; systematic
and comparative analysis — to apply during the
ecological and economic assessment of
agricultural land; statistical generalization — to
determine and compare the efficiency of
agricultural land use; analytical method — to
study trends in the dynamics of environmental
phenomena; calculation and constructive,
grouping — to study arable land according to the
steepness of the slopes and prospects for the
development of their economic activity. Taking
into account the above scientific methods, the
purpose of our study is to substantiate the most
effective ways to improve the ecological
condition of soils in the formation of agricultural
land use.

The land reserves of the Kharkiv region,
according to soil survey data, has more than 150
types of soil. The reason for this diversity is, first,
the region’s location in two zones — forest-steppe
and steppe. The greatest diversity is characteristic
of the forest-steppe part of the region, although it
is smaller in area than the steppe one. In the
northern (forest-steppe) part of the region, deep,
gray, dark gray black soil and podzolized soil, as
well as podzolized and degraded black soil are
widespread. The soil cover of the steppe zone is
dominated by ordinary black soil and ordinary

International Journal of Industrial Engineering & Production Research, March 2022, Vol. 33, No. 1


https://www.iust.ac.ir/ijieen/article-1-1371-en.html

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]

Features of Environmentalization of Agricultural Land Use 3

deep black soil. The main types of soil are

presented in Table 1.

Tab. 1. The soil of the Kharkiv region and their structure

. Rating Area

Types of soil score total, of the total,% of them arable
thous. ha lands,%

Ordinary black soil 86 1482,7 472 85,5
Typical, regraded black soil 69 964,4 30,7 67,4
Podzohz.ed, dark gray forest, regraded 60 380.1 12.1 78.7
black soil
Light gray and gray forest soil 39 81,7 2,6 55,1
Clay-sandy and sandy, sod-slightly
podzolized and clay-sandy black soil 2 5.4 24 68,3
Solonized and residual solonized black soil 30 66,0 2,1 79,4
Meadow and meadow-black soil - 91,1 2,9 24,2
Total - 3141,4 X X

Source: according to the Kharkiv branch of the state institution “Institute of Soil Protection of Ukraine”

As Table 1 shows, the structure of land in the
Kharkiv region is dominated by fertile black soil,
which is a national treasure. The soil cover of the
region is dominated by ordinary black soil (47.2
%), typical (30.7 %), and podzolized (12.1 %).
The most fertile is ordinary and typical black soil.
Intensive exploitation and the irrational land-use
system have led to severe environmental
consequences, namely to such manifestations of
land degradation as erosion, which accounts for
52.8 % of the total land area.

4. Results and Discussion
Agricultural development of the Kharkiv region
reaches 76.8%, plowed agricultural land — 80.2%,
of which more than 50 % is eroded. The
consequence of  unbalanced economic
development of land is the progressive
degradation of land, erosion, and loss of soil
fertility. Low-yielding soil is intensively used and
should be decommissioned and reclaimed. The
use of arable land with high steep slopes is a
potential threat to the development of erosion
processes. The area and distribution of arable
land on the steepness of the slopes are presented
in Table 2.

Tab. 2. Distribution of arable land by steep slopes in the Kharkiv region

Units of Total arable Including the steepness of the slopes (degrees)

measurement land <1 1-3 3-5 5-7 >7
thous. ha 1942,8 770,0 806,4 218,2 40,9 0,8
% 100 40,1 41,5 11,2 2,1 -

Source: according to the Kharkiv branch of the state institution “Institute of Soil Protection of Ukraine”

About 13.3% of arable land is located on slopes
over 3°. Therefore, it is urgent to transform them
into hayfields and pastures. Arable land is
characterized by a high average annual estimated
soil leaching — more than 5 t / ha. The loss of
humus reaches 0.5 tons, and nutrients — 0.6
tons/ha on average per year, which is not
compensated by the application of fertilizers.
Crop yields on eroded land are 20-60% lower
than on non-eroded ones.

Today, in Ukraine, the forestry complex is in a
state of crisis (15.7% of afforestation in
comparison with optimal 22-25%). 57.4% of the
total area of the country is eroded land and this
figure increases from year to year by 60-80
thousand hectares. Moreover, about 20% of

Ukrainian land are in unsatisfactory condition
due to the oversaturation of soil with many toxic
compounds. However, these are not all the
problems affecting the overall environmental
condition of agricultural land.

One of the most effective measures of
counteracting these negative processes is
agroforestry, taking into account natural and
climatic zones. Kharkiv region is located in two
zones (steppe and forest-steppe), so the following
calculations for the planning of forest belts will
be considered taking into account the
peculiarities of zoning. Forest strips and other
protective forest plantations in combination with
other agro technical anti-erosion measures
increase the yield of grain crops by at least 15-
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20%, fodder crops — by 35-40%. These measures
stop erosion processes, reduce the need for
organic and mineral fertilizers to restore soil
fertility lost due to erosion [20].

Proposals to improve the situation with
agroforestry were developed by specialists of the
Kharkiv branch of the state institution “Institute

“Comprehensive program of investment and
innovation development of the Kharkiv region by
20307 [21, 22]. The identified potential areas for
the creation of field protective forest plantations
(field protective and stock-regulating forest
strips) were determined for the nearest future
(Table 3).

of Soil Protection of Ukraine” and included in the

Tab. 3. Calculation of the required area of field protective forest strips following the current
standards of protective forest-steppe cover for 2030
Protective forest-steppe cover for Available Necessary to create forest

Kharkiv steeps forest g)\r/z;ltable belts, thous. ha
region % thous. ha belts, o S 30 7o

>3 37° >3 3.9°  thousha OVP =30 377 ol
Northern 3,7 7,8 29,5 11,49 12,9 1,6 16,6 7,03 23,63
steppe
Forest- 27 78 30,51 1191 134 4,84 17,11 7,07 24,18
steppe
Region 3,2 7,8 60,01 23,4 26,3 3,94 33,71 14,1 47,81

Source: according to the Department of Ecology and Natural Resources of the Kharkiv region

The creation of protective forest belts is very
important as erosion reduces soil fertility and,
consequently, crop yields and increases the cost
of cultivating eroded land due to increased soil
resistance and the formation of shorter runs
among the ravines. Thus, in the case of reducing
the humus content in the soil from 6 to 2%, the
density of its profile increases by about 50%, and
the water permeability of the soil and its moisture
decreases by 15-20 times. Moreover, the
consequence of the use of eroded land is the need
to apply to the higher rates of sowing of crops
since part of the seeds are washed away, and the
rest does not germinate as a result of deteriorating
germination conditions.

The need to transform degraded arable land to
rehabilitate them, i.e. to create conditions for
limited use, is emphasized in the new version of
the Land Code of Ukraine, which is followed by
leading agricultural scientists. A prominent
scientist, academician V.F. Sayko proposes to
reduce the area of arable land in the country to

24.2 million hectares, i.e. by almost 9 million
hectares, and to reduce the level of plowing of
agricultural land to 57%.

Academician L.Ya. Novakovsky considers it
necessary to prioritize 5.1 million hectares of
degraded and unproductive land under natural
renaturalization and temporary or permanent
conservation [23]. The study of A.S. Danylenko
also testifies that in the nearest future, there will
be a real opportunity to reduce the area of
agricultural land in Ukraine up to 30 million
hectares, including arable land — up to 20 - 22
million hectares. That is, there is an urgent state
need for the transformation of different types of
agricultural land, their renaturalization through
phytomeliorative and forest reclamation measures
[24].

Appropriate measures need to be implemented in
the Kharkiv region, as more than 10 % of
agricultural land is degraded and unproductive
land in need of conservation (Table 4).

Tab. 4. Conservation of degraded and unproductive land in the Kharkiv region in 2020

Total at the beginning of the

Preservation has been

In need of conservation

Types of land year carried out
thous. % to the total area thous. % to the thous. % to the total area
ha of agricultural land ha total area ha of agricultural land
Degraded 110,2 4,5 - - 110,2 4,5
Marginal 148,5 6,1 - - 148,5 6,1
Total 258,7 10,7 - - 258,7 10,7

[ Downloaded from www.iust.ac.ir on 2025-07-17 ]
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Reproduction of soil fertility and stabilization of
land use, in general, can also be achieved by
reducing arable land, crop culture balanced favor
of crop and livestock, as the main task of
agribusiness of Ukraine is to ensure food and
environmental security.

Contemporary  agricultural  production  of
domestic and foreign markets is focused on the
transition to world standards of product quality
and its profitable export, which determines
competitiveness. Production of competitive
products is possible when the grain yield reaches
50-60 kg/ha, sugar beet — 400-500, sunflower —
20-25, potatoes — 200-250 kg/ha, cow milk yield
— 5-6 thousand kg per year [24].

For example, today, according to agricultural
market experts, the average yield of wheat per
hectare of Ukrainian black soil barely reaches 3
tons, whereas in Britain, France, and Germany
they get an average of more than 7 tons per
hectare of non-black soil. One of the reasons for
this situation is the low nutrient content of our
soil [25-26].

The main agrochemical indicators of soil fertility
are the content of humus, mobile phosphorus, and
potassium, as well as soil acidity.

One of the most significant diagnostic signs of
soil degradation is a decrease in the content of
organic matter and its main component — humus.
Humus is an organic part of the soil, which is
formed as a result of the decomposition of plant
and animal remains and products of life of
organisms — humification. The decrease in the

content of organic matter and the deterioration of
the quality of humus can be caused by many
reasons [27-28].

Among them, first, the lack of constant
compensation for organic fertilizers and plant
residues of current costs of organic matter, which
occurs mainly due to its mineralization. Second,
the change in the correlation between the
mineralization of fresh organic matter and the
formation and stabilization of new humic
substances in the soil.

In general, the growth rate of humus losses in the
soils of the region in recent years can be
explained by many reasons. The main ones are
the intensification of humus decomposition
processes due to low rates of organic fertilizers or
complete lack of application and changes in the
sown area [29].

Analyzing the dynamics of the humus condition
of the region's soils for 30 years, the Kharkiv
branch of the state institution “Institute of Soil
Protection of Ukraine” revealed a steady
tendency to reduce the humus content in the
region's soils, so in round V (1987-1991) it was
4.5%, and in round IX (2011-2016) — 4.2%.

The rate of humus loss has decreased slightly,
and in some areas, its content is close to
stabilization.

The analysis of the humus balance by years
showed that the balance since 1996 is negative —
0.46 t/ha. The degree of its negative value
increases over the years and in 2017 became 0.56
(Table 5).

Tab. 5. Balance of humus in agriculture of Kharkiv region

Applied organic fertilizers, The yield of plant residues,

Year thous. ha thous. ha Humus balance, +/-
1991-1995 5,7 4,1 0,27
1996-2000 2,4 2,9 -0,46
2001-2005 1,1 4,0 -0,28
2006-2010 0,47 4,1 -0,51
2011-2016 0,4 4,1 -0,55
2017-2020 0,3 3,9 -0,56

Source: according to the Kharkiv branch of the state institution “Institute of Soil Protection of Ukraine”

This can be explained by the fact that one of the
factors of humus formation — the application of
organic fertilizers has fallen sharply due to
reduced livestock development. This decrease in
the formation of humus due to organic fertilizers
is explained by the reduction of their application:

whereas in the early ‘90s, an average of 5.7 t/ ha
was applied, in 2017-2020 it was 0.3 t/ha. The
formation of humus due to plant residues during
the study period did not change, except for 1996-
2000 (Table 6).
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Tab. 6. Balance of nutrients in arable land of agricultural enterprises of the Kharkiv region,

kg/ha (+,-)

Years Nitrogen Phosphorus Potassium Total
1991-1995 -3,7 16,34 0,2 12,9
1996-2000 -39,4 -13,68 -43,5 -96,6
2001-2005 -45,5 -16,86 -59,52 -121,9
2006-2010 -45,0 -19,8 -76,0 -140,8
2011-2016 -31,8 -17,2 -66,4 -115,4
2017-2020 -36,1 -17.9 -60,2 -114,2

Source: according to the Kharkiv branch of the state institution “Institute of Soil Protection of Ukraine”

This amount of applied fertilizers cannot ensure a
deficit-free balance of humus and nutrients in
Ukrainian soil, i.e. the basic law of agriculture is
not observed — the removal of nutrients must be
compensated by returning them to the soil. As a
result, in recent years there has been a negative
balance of humus and nutrients in the soil.

Today, new approaches and technological
solutions to the problems of chemical land
reclamation are needed. Even if modern resource-
saving technologies of chemical land reclamation
are used, farms cannot do without significant
state support [30-32].

The country's environmentalization of land use
during the implementation of land reform
measures has not taken place. In the study period,
an extremely dangerous deformation of
agricultural land use was determined as a sharp
decline in soil fertility, caused by excessive
anthropogenic pressures on agricultural land, and,
above all, the collapse of the volume of soil
protection due to the economic crisis. The
volume of agrochemical and 5-7 times
reclamation and other works that preserve and
increase the fertility of soils has been reduced

2.5-5 times. The application of organic fertilizers
decreased more than 10 times, and mineral
fertilizers — 4-5 times.

As a result, there is widespread depletion of soil,
except arable land. Restoration of humus content
in them reached the maximum allowable
minimum level (0.6%). Accumulation of humus
in the soil is a prerequisite for reproduction and
an increase in soil fertility. To ensure high and
sustainable crop yields, the soil must an optimal
humus content. According to the research
institution “Institute of Soil Science and
Agrochemistry named after O. N. Sokolovsky”,
the optimal level of humus content in the soil of
Ukraine should be 4%, though the actual one is
3.1%.

Currently, the nutrient balance in the area is
negative. Thus, in 2017-2020 it was minus 114.2
kg/ha, NPK including nitrogen — 36.1 kg/ha,
phosphorus — 17.9 kg/ha, potassium — 60.9 kg/ha,
which causes the harvest mainly due to the
natural fertility of the region's soil. The negative
balance of nutrients is caused by the insufficient
application of organic and mineral fertilizers
(Table 7).

Tab. 7. Application of fertilizers in agriculture of the Kharkiv region

Organic fertilizers, t Mineral fertilizers, kg / ha

Years / ha total N P K
1986-1990 7,4 150 62 47 41
1991-1995 5,7 105 46 30 29,5
1996-2000 2,3 14 10 2,9 0,6
2001-2005 1,1 16 12 2,8 1,4
2006-2010 0,4 49,8 344 8,7 6,8
2011-2016 0,4 59,9 42,5 11,3 6,1
2017-2020 0,3 62,7 45,8 10,9 6,0

Source: according to the Kharkiv branch of the state institution “Institute of Soil Protection of Ukraine”

The analysis of the situation and the forecast of
the efficiency of soil fertility prove that due to the
sharp decrease in the application of organic and
mineral fertilizers, insufficient implementation of
forest reclamation, and anti-erosion measures, all
areas of degradation processes have intensified.
The problem with the balance of nutrients has

worsened, the acidity of the soil solution is
increasing, the humus content is decreasing, and
the intensity of erosion processes has
significantly increased.

The traditional organomineral fertilizer system is
currently not widespread due to a sharp decline in
manure production (the consequences of a sharp
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reduction in livestock production) and low-cost
recovery in the application of mineral fertilizers
(too high prices for fertilizers and understated
prices for finished products). In such a situation,
the balanced return of nutrients removed with the
crop becomes problematic [33-36].

5. Conclusion
Thus, the main tasks of the environmentalization
of agricultural land use involve measures for
increasing soil fertility by limiting the use of
intensive  chemicalization  of  agriculture;
measures for the application of the organic
fertilizer to ensure a deficit-free balance of
humus in the soil; measures for mechanization,
chemicalization, land reclamation using the latest
methods; anti-erosion measures and the use of
new methods of tillage, liming, soil, and
minimization of tillage. The main
environmentally friendly elements of this
structure include agro-ameliorative and forest-
ameliorative measures that form the ecological
framework of agro-landscapes and are the basis
for providing favorable agro-environmental
parameters for agricultural land. Considering the
complex degradation processes occurring in
agricultural soils, the most effective real
measures to increase soil fertility and their
effective use are as follows:
- to allocate crops within each land use in a
rational way;
- to implement scientifically sound plans for
mineral fertilizers, which allows a more rational
use of very limited fertilizer resources;
- to increase the annual application of organic
matter due to manure and the use of crop residues
in terms of manure to 8.0 t/ha, which will make
up the loss of humus.
- to achieve an optimal amount of mineral
fertilizers up to 110 kg of nutrients per hectare
and to increase their payback to change the
timing and methods of their application.
- to implement the minimization of tillage widely
due to the lack of moisture; to increase the sown
area of perennial grasses; to optimize the ratio of
areas of row crops and continuous sowing.
The proposed recommendations can be used by
the departments of agro-industrial development
in the formation of programs, projects and plans
for the development of land resources at the
regional and local levels, which will significantly
strengthen the processes of greening not only
agricultural land but also the environment.
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