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RESEARCH OF LAND RESOURCES
AND SOIL COVER OF VINNYTSIA REGION

Lina Bronnicova!
Lyudmila Pelekh?

DOIL: https://doi.org/10.30525/978-9934-26-290-6-1

Abstract. It is undeniable that the role of the agricultural sector is
extremely high in the formation of sustainable development of any state,
region and individual settlement. After all, it is the agricultural sector that
provides the population with food and creates favorable conditions for
the population to live. Its main components include soils, in particular,
cultivated soil for agricultural crops. Unfortunately, today's powerful
anthropogenic load on agricultural lands leads to a change in their condition,
which is accompanied by a negative balance of humus, a lack of organic
matter, important nutrients, pollution by heavy metals, and the activation of
degradation processes. This is especially dangerous for the most valuable
and widespread Ukrainian chernozems, which are susceptible to technogenic
and anthropogenic stress. The purpose of the paper is to research hronology
of soil formation processes according to the main chronological stages of
the development of the territory of Eastern Podillia (Vinnytsia region), own
grouping based on the analysis. Methodology of the study corresponds to
the strategic tasks of the state policy in the field of agricultural land use,
in particular, improving the structure of agricultural lands, reproducing
their fertility and ensuring rational use and protection of lands based on
greening. Therefore, the assessment of the agrochemical condition of soils
in our region, Vinnytsia region, is relevant. Results taking into account the
fact that the majority of food products are obtained by the cultivation of the
land and the fact that more than 70% of all pollutants enter the human body
with food products, the role of ecologically clean lands as an irreplaceable
natural resource and the basis for the production of safe products that
directly or indirectly does not create a harmful effect on human health; as
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the basis for the formation of ecologically balanced agroecosystems, which
require modeling in accordance with the specialization of economic activity.
Land resources are the basis of material and spiritual production. The
development of productive forces, the scale of production and the material
well-being of the people depend on the nature and level of efficiency of land
use. Land resources are necessary for all branches of the national economy,
but their role in different spheres of social production is not the same. If in
industry, except for mining, land is only a spatial base, then in agriculture it
is the main means of production. The role of land in agricultural production
is determined by the fact that it has a specific unique property — fertility.
Thanks to this property, the land actively affects the process of agricultural
production. Practical implications. The soils of Ukraine suffer significant
environmental damage as a result of their pollution by industrial emissions,
the indiscriminate use of chemicals in the agricultural sector, as well as
the pollution of large areas in the locations of large livestock complexes
and poultry farms. Up to 20% of polluted land in urban, suburban and
industrial areas is in a state of crisis. Processes of further oxidation of soils,
decrease in the content of mobile phosphorus and exchangeable potassium
are observed. Value/originality. The modern technical state of irrigation
and drainage systems, significant areas of flooding of irrigated lands and
acid and shrub-covered drained lands led to a decrease in the total yield of
agricultural crops relative to the projected level by 30% on irrigated lands
and by 15% on drained lands. Vinnytsia due to the significant economic
development of the territory and the development of agriculture by reducing
the area of natural and natural and anthropogenic landscapes (meadows,
forests, marshes) with a simultaneous increase in the specific weight of
developed agricultural land, primarily arable land.

1. Introduction

Measures to combat soil pollution, as one of the important problems
of the present time, should be solved in Ukraine in two ways, namely:
prevention (prevention), i.e. preventing toxicants from entering the soil, as
well as cleaning the soil from toxic substances that have already entered it.
Intensive technologies for growing field crops increase the possibility of soil
contamination with fertilizer residues, toxic chemicals, herbicides and other
toxicants. The presence of toxic substances in the soil is accompanied by
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their accumulation in food, feed, surface and groundwater. Therefore, a clear
control is needed correct use of fertilizers, pesticides, chemical meliorants.
In particular, the use of mineral fertilizers is regulated by agrotechnical
and hygienic regulations: the rate of fertilizers per unit area and the ratio
of nutrients for individual crops, the terms and methods of application, the
maximum permissible level of nitrates and nitrites in plant products. In
today's conditions, many agricultural measures have been developed that
do not cause an excess of nitrates in the soil. Among the external factors of
nitrate accumulation in crop production, the main role is played by the level of
nitrogen nutrition of plants. Excessively high doses of nitrogen fertilizers can
increase the nitrate content in plants by 1.5-8 times compared to the optimal
and scientifically justified doses of fertilizers, which should be adjusted
according to the total reserves of mineral forms of nitrogen in the soil.

Land relations have always played a leading role in the life and business
of the Ukrainian people. The transformation of the national economy to
market conditions caused the corresponding changes in land relations,
which were embodied in land privatization, change of land ownership,
the formation of responsibility of economic entities for its rational use
and protection. Further development and improvement of land relations
in agriculture consist of the implementation of a state policy aimed at
high-tech and environmentally friendly land use, which corresponds to
the regulated, socially-oriented market economy. As a result of the land
reform in Ukraine, a radical degeneration in relations on land ownership
issues began, a monetary reward for the opportunity to use the land was
introduced. Rental relations have developed, and specific prerequisites have
been created for the formation of the land market. During the land reform,
practically no attention was paid to such issues as quality situation, fertility,
and protection of lands [46; 50-65].

2. Conditions, objective and methods of research
Vinnytsia region was formed on February 27, 1932. The city of Vinnytsia
is the regional center. The region is located on the right bank of the Dnieper
within the borders of the Dnipro and Podil highlands. The territory of the
region is 26517.6 km? [6; 30-35].
The administrative-territorial composition of the region includes
27 districts, 2 urban united territorial communities, 1 rural united territorial
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community, 28 village and 658 village councils, 1,504 settlements, of
which 29 are urban-type settlements, 18 cities, including 6 cities of regional
significance. The total population of the region as of January 1, 2021 was
1590.4 thousand people. 810.1 thousand people or 50.9% of the total
population of the region lived in urban settlements, 780.3 thousand people
or 49.1% lived in rural areas [40—44; 67-82].

Vinnytsia region is located in the forest-steppe zone of the central part
of the Right Bank part of Ukraine. The territory of the region is divided
into two parts by the Pivdenny Bug River: the left bank, which belongs
to the Dnieper Highlands, and the right bank, the Podilsky Plateau. The
surface of Vinnytsia is a raised plateau, decreasing in the direction from
the northwest to the southeast. Most of the territory of the Vinnytsia region
is located within the boundaries of the Ukrainian crystalline shield. The
complex geological history of the territory influenced the formation of the
relief. A significant impact on the formation of the relief was also caused
by the work of flowing waters, branched by numerous river valleys, ravines
and gullies, especially in the region of Transnistria [12; 75].

The watershed of the basins of the Southern Bug and Dniester rivers
passes through the territory of the region. In the central part of the region, the
South Bug River flows from the north-west to the south-east, and the Dniester
River flows along the south-west border of the region. 204 long rivers flow on
the territory of the region more than 10 km each. They belong to the basins
of the Southern Bug (Zgar, Riv, Dokhna, Sob, Savranka), Dniester (Murafa,
Lyadova, Markivka, Rusava, Nemia) and Dnieper (Ros, Hnylopyat, Guiva).
The average density of the river network is 0.38 km/km? [12; 26-30].

There are 56 reservoirs within the region, with a total surface area
of 11,167 hectares; the largest Ladyzhyn reservoir (2.2 thousand ha),
5,356 ponds with a total surface area of about 30 thousand ha. Rivers and
reservoirs are used for fish farming, industrial and communal water supply,
land irrigation, and also as a source. A large number of ponds is a potential
threat of inundation of settlements and lakes during the flood period, and
can also be the cause of catastrophic flooding in the event of the destruction
of dams and dams. especially from the Ladyzhynskaya TPP and the Dniester
hydrocascade [12].

The land fund of the region is 2,649.29 thousand ha, the land area is
2,605.8 thousand hectares, or 98.4% of the total area of the region, the
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remaining 43.4 thousand hectares (1.64%) is occupied by internal waters.
Two-thirds (2014.5 thousand hectares) of the territory is occupied by
agricultural land, under forests and other forested areas — 14.3%, built-up
land occupies 4.1%, swamps — 1.1%, other lands (farmyards, roads, sands,
ravines, rocky places, etc.) — 2.81% [6; 12].

Vinnytsia, in geostructural terms, is mainly located on the southwestern
edge of the Ukrainian crystalline massif (shield), composed of Archean-
Proterozoic metamorphic and igneous rocks, the age of which reaches
1.5 — 3.5 billion years. This is the so-called crystalline foundation. And
only the southwestern edge of the region is located on the Volyn-Podilsky
plate, where the foundation rocks are covered by a relatively thick layer of
sedimentary deposits and less often [12].

3. Processes of soil formation in the territory of Vinnytsia

The processes of soil formation in the territory of Vinnytsia region have
undergone a rather complex process of genesis (Table 1).

In the studies of S.P. Karmazynenko, Zh.M. Matviishyna,
S.P. Karmazynenko, S.P. Doroshkevich established the boundaries of the soil
zones (further — the text in the author's edition) for the Kaitsky, Prylutsky,
Vytachev and Dauphine paleogeographic stages somewhat further north,
with the exception of the boundaries of the sod-podzolic and gray forest
soils of the Kaitsky and chernozems of the Prylyutsky period, which were
spread further south (Figure 2).

— Kaidatsky stage — turf-podzolic and gray forest soils (kdbl) were
common in the south, brown forest-steppe soils (kdb1), dark and light gray
soils, chernozems with podzol, close to normal, and southern (kdb2) were
common in the north;

— the Prylut stage — further north — dark gray forest and chernozem-
like (gray-brown) soils (plbl), typical chernozems, micellar-carbonate
chernozems, chernozem-like (brownish-gray) and southern chernozems
(plb2), further south — chernozems Burrow-like (plb2);

— Vytachev stage — further north — dark brown and brown forest, gray
light brown and brownish-brown (vtb1, vtb2), reddish-brown in a complex
with saline (vtb1+b2);

On the basis of established soil types, the dynamics [99; 100] of the
decrease in the area of forest habitats (turf-podzolic, gray, brown forest)
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Table 1

Chronology of soil formation processes according to the main
chronological stages of the development of the territory of Eastern
Podillia (Vinnytsia region), own grouping based on the analysis

No Period Predominant soil-forming process, soil types
1 2 3
Eopleistocene .
" 1(1,8-0,85 million r..) Forest formation
Kryzhaniv stage Brown soils dominated in the western and
2 (1,55-13 milli%) nrt) northern parts of the region, and brown and
i i o reddish-brown soils in the southern
Shyrokinsky stage .
3 ](1,2-0,85 million r.t.) Black carth soils
4 Azov period Subperiglacial forest-steppe landscapes on loess
(850-780 thousands of years) | and gray loam
5 Martono stage 1At its bqlglmlng, pseudoglay dand ;eddliih-blzown
(780-650 thousands of years) oess so1ls were common, and at the en — brown
loess, pseudoglay, and brownish-brown soils
] Luben stage Perl(()idlc change of dfo}rlest pedogenes1sf by '
(600-500 thousands of years) meadow-steppe and the appearance o genetlc
types of chernozems and gray forest soils
7 Potyahailovsky stage Brown forest loess, brown and chernozem soils
(230-180 Tuc. p.T.)
] Kaydat stage Ocher-iron soils dominated in the north; to the
(130-110 thousands of years) | south — meadows with sod and sod soils.
During it, there were two sub-stages of soil
formation. During the first of them, brown soils
predominated in the north and west of Podillia,
Vytachiv (Dubniv) while brown loam soils prevailed in the south (in
9 |stage (55-27 thousands of | Central and Eastern Podillia). At the second sub-
years) stage of soil formation, aridization was observed.
Meadow-steppe landscapes on turf-carbonate soils
and dry-steppe landscapes on dark brown soils
dominated in Central and Eastern Podilly (Figure 1).
In the northern and western parts of Podillia,
10 Dauphin stage forest-steppe landscapes on sod-brown soils
(18-15 thousands of years) |dominated, in the central and southern parts —
steppes on sod-carbonate soils
Atlantic time . .
11 (8.0-4,6 thousands of years) Gray forest soils are formed along it
12 Early subboreal Formation of gray forest and chernozem subsoils

(4,6-4,1 thousands of years)
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Figure 1. Soil cover of the Middle Pobuzhye
in the Vytachev (Dubniv) stage (55-27 thousand of years)
Source: [28]

Genetic types of soils:

1 — brown soil (dark brown and brown), often overgrown, close to meadows;

2 — meadow and meadow-swamp borer-like;

3 — dark brown in the sub-stage vtb1 and brown and light brown in the sub-stage vtb2;
4 — dark brown brown, sometimes saline in the substages vtb1 and brownish-brown,
sometimes saline in sub-stage vtb2;

5 — alluvial, meadow-swamp and other hydromorphic soils of floodplains;

6 — alluvial deposits of the supraflood terrace: sand with interlayers of loams and sandy
loams, gravel, pebbles;

7 — late erosion of sediments;

Granulometric composition of sediments:

8 — sandy;

9 — slightly loamy;

10 — medium loam;

11 — heavy loam;

12 — approximate distribution limits.
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Figure 2. The Vitachiv horizon in
a section of Pleistocene sediments
(Yakushintsi village, Vinnytsia
district, Vinnytsia region)

Source: [24]

. Pleistocene soils:

' and the expansion of the area of

steppe soils (chernozems and light
brown semi-desert soils) from the
Kaitsky to the Dauphine stages were

% traced, and the trend was confirmed

in the paleogeographic

of the formation of
from moderate
(Kaidatsky, Prylutsky — brown,
gray forest, chernozem soils, which
were formed in somewhat evenly
moistened conditions compared to

changes
conditions

4 modern ones), moderate and more
| contrasting (Vytachiv —
- dark brown, reddish brown) to
. moderately continental and more

brown,

arid  (Dauphinian —  southern

- chernozems, light brown semi-desert

soils). The stage was more arid than
the previous one (the most humid

" stage is the Kaidatsky stage, the arid

stage is the Dauphine stage).

It has been proven [9-12;
110-111] that the macro- and
micromorphological characteristics
of Pleistocene soils of different
stages of formation (initial, optimal

and final) reflect changes in the conditions of soil formation from colder
in the initial phase (kda), wetter and warmer in the optimal (kdb1, kdb2,
plbl, plb2, vtb1, vtb2, dfbl, dfb2) to more continental and arid at the end
of the stage (plc, vtc, dfc). During each paleogeographic stage, the lower
soils of the optimal stage, compared to the upper ones, reflect traces of more
humid soil formation. It is indicated [19-26] that the micromorphological
features of loess are less diverse and individual compared to soils. Yes,
S.P. Karmazynenko [29] noted that the brightness of the plasma, the loose
composition of the forest particles, their commensuration with the grains of
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primary minerals with carbonate-clay shells, the impregnation of the plasma
with micro- and fine-crystalline calcite indicate cold periglacial conditions
during the Tasmin, Udai, Buzy and Black Sea palacogeographic stages.
Tyasminsky and Udai loess are weak, often reworked by subsequent soil
formation, sometimes preserved only in patches or are carbonate horizons
of overlying soils. Typical loess are lilacs, which have the greatest thickness
(up to 7 m). The bgl substage is characterized by the formation of initial
soils (simple carbonate-clay microaggregates separated by pores) as a result
of climate oscillations. Loess and loess-like loams of the Black Sea horizon,
especially pc3, are located under modern soils and are often significantly
reworked by them (presence of molehills, chervoryins, simple carbonate-
clay microaggregates, plasma impregnation with microcrystalline calcite).
The loess of substages pcl and p¢3 in the south are sometimes divided
by initial short-profile and carbonate light-brown and brown desert-steppe
soils (p¢2) — simple microaggregates, uniform coloring of the plasma with
organo-clay substances and its impregnation with microcrystalline calcite.

Thus, the diversity of bioclimatic conditions, types of deposits and the
main elementary soil-forming processes led to the formation of modern
types of sod-podzolic, gray forest and chernozem-like soils on the territory
of Vinnytsia region, which differ in macro- and microstructure features.

The modern soil cover of the Vinnytsia region is represented by various
types of soils. The formation of which is connected, first of all, with complex
relations between forest and steppe vegetation, as well as various conditions
of relief, surface and soil moisture, and other factors [1-12; 24].

On the most elevated and fragmented massifs of the central part of the
region (Zhmerynska Vysochyna and the south of Kozyatynska) under the
oak-hornbeam forests, strongly podzolized soils — light gray and gray — were
formed. The influence of the woody plant formation causes the podzolic
process to take place and the formation of less fertile strongly podzolic soils.

On the massifs of the plateau and ancient terraces in the southern and
northern parts of the region, with a relatively small dismemberment under
the cover of grassy vegetation, soils of the chernozem type were formed
as a result of the influence of the sod process. At the same time, dark gray
podzolized soils and podzolized chernozems were formed on areas of
chernozem soils, later occupied by forests and on massifs of podzolized
soils, where herbaceous vegetation was located for some time.
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On the massifs freed from under the forest, under the steppe vegetation on
the podzolized soils, the sod process takes place and regraded soils are formed.

On the slopes, under the influence of water erosion, soils become weakly,
moderately and strongly eroded.

In the floodplains of rivers and streams, together with turf, a swamp
process occurs, as a result of waterlogging and the close occurrence
of groundwater. The result is the formation of marshy soils, including
peatlands.

Thus, under the forest cover, the podashic process of soil formation was
constantly taking place; in areas under steppe vegetation, the sod process
takes place; regraded soils are formed in areas where the forest vegetation
changes to grass (provided the groundwater is within the limits of capillary
action and the presence of carbonate soil-forming rocks).

As aresult of the sod process, chernozems were formed under the grassy
vegetation. Their features are accumulation of humus, nutrients, good water
and air regime. In soils of the sod type of soil formation, there are no soluble
acidic substances, the presence of carbonates.

With the combined action of podzolic and sod processes of soil formation,
sod-podzolic soils, poor in organic substances, with negative water, air and
nutrient regimes were formed in Vinnytsia region.

Swamp formation occurs as a result of the waterlogging of water bodies and
dry lands, their overgrowth with swamp vegetation, and the formation of peat
of various composition. During overgrowth, lowland swamps are formed, and
during the growth of floodplains, upper and transitional ones are formed.

Peat formation is the decomposition of dead organic matter under anaerobic
conditions. Bog and peat soils contain a large amount of organic matter.

Swampy soils were formed due to seasonal overwetting. They have
a significant amount of humus (5%), well supplied with gross forms of
nitrogen, phosphorus, and potassium.

Meadow soils are characteristic of areas where deluvial flows do not
have a great force (beams, depressions, floodplains of rivers and streams).
In the lower horizons of the soil profile, there is a gleiaceous rock, which
contains acidic compounds of iron and aluminum that are toxic to plants.
Groundwater is at a depth of 1.0-1.5 meters, there are also closer to the
surface, depending on the season. These soils have low hydrolytic acidity
and a neutral reaction of the soil solution.
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Meadow-swamp soils were formed under conditions of excessive
moistening caused by groundwater. The lack of oxygen in them leads to the
fact that plant residues do not decompose completely, but accumulate in the
form of coarse humus (up to 5% in the upper horizon). The reaction of the
soil solution is close to neutral.

4. Characteristics of land resources and soil cover of Vinnytsia region

The territory of the region is 26.5 thousand km?, 4.4% of the territory
of Ukraine. The region is located in the forest-steppe belt of the right-bank
part of Ukraine.

Vinnytsia region has 202 km of state border with the Republic of
Moldova; it also borders 7 region of Ukraine: Zhytomyr, Chernivtsi,
Khmelnytskyi, Kyiv, Cherkasy, Kirovohrad, Odesa oblasts.

Vinnytsia region is located in the forest-steppe zone of the central part
of the Right Bank part of Ukraine. The land area is 2,606.4 thousand ha,
or 98.4% of the total area of the region, the rest (1.6%) is occupied by
inland waters. The rivers of the region belong to the basins of the Southern
Bug, Dniester and Dnieper: of them: 2 large (Southern Bug and Dniester
rivers), 4 medium ones (Sob, Hirskyi (Gnily) Tikich, Murafa, Ros) and
4555 children [12].

With reference to O.0. Shevelyuk and others [12; 19; 34; 56; 78—79; 104],
the modern structure of the land fund of the Vinnytsia region was formed
over a long period under the influence of various factors. The flatness of
the surface, favorable natural and climatic conditions, ancient economic
development of the studied territory caused a fundamental transformation
of the environment. The total land area within Vinnytsia region is
2,649.2 thousand hectares, and their distribution by main categories is
uneven. Among all categories, agricultural land predominates, accounting
for 76.1% of the total. Forestry lands occupy the second place in the region
in terms of area, after agricultural lands. According to the data of the Main
Department of Land Resources in the Vinnytsia region, the area of forests
and other forested areas is 378.7 thousand hectares (14.3%), of which
239.6 thousand hectares are covered with forest vegetation. Forest cover
in the region is lower than in other regions, which is caused by significant
economic development of the studied territory. Lands under water in the
district occupy an area of 43.5 thousand hectares (1.6% of the total area

11
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of the region) and are represented by lands located under both natural and
artificial water bodies.

The main type of land use in the region is agriculture. The share of
agricultural land in all categories of land users together with homestead lands
is 75.9% from the total area of the region. In their structure, 85.7% is arable
land, 9.3% belongs to pastures, 2.5% is allocated to haymakers, and 2.5% to
land with perennial crops. The average land security of one inhabitant of the
region is 0.98 ha of arable land. Almost half of the agricultural land of the
region (49.0%) is distinguished by a fairly high level of natural fertility and
is represented by a complex of black-earth and meadow-black-earth soils
(Tables 2, Figure 3). More than 17% of the area is occupied by dark gray
podizolized soils of medium fertility. However, relatively low-fertility light-
gray and gray podzolic soils predominate on a third of the entire land area
(31.4%). In addition, on 98.0 thousand ha (5.3%) common low-productivity
soil types: sod-podzolic, marshy, meadow-swamp and swampy soils. The
area of valuable soils in Vinnytsia region is 835,000 hectares.

In general, Vinnytsia region is characterized by the following soil cover

Figure 3. Vinnytsia region on a satellite image [Google maps]
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structure: gray forest soils — 50.5% and black soils — 42.1%. Dominant soil-
forming rocks are loess and loess-like loams. Their granulometric composition
varies from light loamy (the content of physical clay, particles with a diameter
of less than 0.01 mm, is 20-30%) in the north of the region to medium loam
(30-45%) in the center and heavy loam (45-60%) in the south with a weighted
average volume density in the range of 1.28-1.32 g/cm’.

Depending on the content of humus, the depth of the humus horizon,
the development of the podzolized horizon, and the intensity of color, gray
forest soils are divided into three subtypes: light gray, gray, and dark gray.
The humus content in these soils varies from 1.85% to 2.4%.

Black earth soils are located in the northeast, southeast, and south of the
Vinnytsia region. The following subtypes were found among the chernozems
of Vinnytsia: podzolized, regraded, and typical. Fertility ranges from 3.39%
in podzolized chernozems to 3.8% in regraded chernozems. The most fertile
soils of Vinnytsia are gray and dark-gray podzolized swamps, chernozems,
podzolized swamps and swamps. They contain 3.5-5.5% humus and occupy
1.7% of the territory of the region.

Thetotal share of public land is 6.5%, commercial land accounts for 1.6%,
mixed-use land accounts for 1.7% of'the total area of the region. In total, there
are 3,600 rivers and streams in the region with a total length of 11,800 km,
the density of the river network is 0.43 km/km?. Two large rivers (Southern
Bug and Dniester), four medium rivers (Sob, Murafa, Ros, Hirskyi Tikich),
226 small rivers with a length of more than 10 km flow within the Vinnytsia
region. A significant amount of water resources of the region is accumulated
in created reservoirs and lakes. There are 65 reservoirs in the region, with
a total surface area of 11,167 hectares and a water volume of 282.6 million
m?®; 4,033 ponds with a total surface area of about 20,552 hectares. The
lands of the water fund make up 1.6% of the territory of the Vinnytsia
region, the largest share falls on ponds (53.1%). Artificial reservoirs
(22.8%), natural watercourses (20.8%), artificial watercourses (3.1%). The
share of lakes, coastal and closed reservoirs, estuaries is only (0.01%).
Most of the land and water resources are concentrated in Bershadsky —
2,780.9 ha, Litynsky — 2,627.9 hectares, Kalinivskyi — 2,465.6 hectares, and
the smallest in Pischanskyi— 180.9 hectares, Tomashpilskyi—282.9 hectares,
Kryzhopolskyi — 390.4 hectares, and Chernivtsiskyi —400.4 hectares. As of
January 1, 2010, the area of objects and territories of the nature reserve

13
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Table 2

Nomenclature list of soils of the Vinnytsia region

Including arable land

Soils Sal:l;‘;f)l’le: ha % from survey.
arable land

Sod-podzolic on ancient alluvial deposits 11547 6561 0,39
including examined 3952 1963 0,12
Gray forest on loess rocks and clays 654792 549143 32,9
They are clearly gray 81873 56705 3,40
Including examined 7158 5355 0,32
Of them are gray 572919 4924389 29,5
Including examined 11890 9734 0,58
regraded 4026 3784 0,23
Alized soils on loess rocks and clays 799834 724831 43.4
Alized soils on loess rocks and clays 345326 304814 18,2
Including examined 24730 21942 1,31
regraded 36517 83670 2,02
Of them, the chernozems are podzolized 454508 420017 25,2
Including examined 11276 10495 0,63
regraded 235738 221708 13,3
Black soils are typical on loess rocks 374263 350658 21,0
Among them, shallow, low-humus 35148 32953 1.97
chernozems
Including carbonate 6405 5839 0,35
leached 13523 12857 0,77
Amqng them, the black soils are deep and 339115 317705 19.0
low in humus
including carbonate 60617 58108 3,48
leached 65793 61906 3,71
Other chernozems and chernozem soils 1821 1425 0,08
Meadow chernozem soils 18007 15750 0,94
Meadgw soils on deluvial and alluvial 45072 17893 0.94
deposits
Meadpw-swamp soils on alluvial and 28669 1609 0.10
deluvial deposits
Marsh soils on alluvial and deluvial 21831 507 0,03
deposits and peatlands
Sod soils on eluvium of carbonate rocks 5565 1236 0,07
Yields of rocks 17210 393 0,02
Together in the region 1978751 | 1670012 100
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fund in the region was 27.3 thousand hectares, which was only 1.03% of
the total area.

The entire territory of the Vinnytsia region belongs to the province
of the Right Bank Forest Steppe and is divided into two sub-provinces —
the northern one with light and medium loamy soils and the southern one
with medium and heavy loamy soils in terms of mechanical composition.
A detailed list of the soils of Vinnytsia in terms of agro-soil regions is
presented sequentially in Table 3.

Information on cadastral zoning and distribution of land cover typology
in Vinnytsia.

A detailed list of the soils of Vinnytsia in terms of agro-soil regions is
presented sequentially in Table 3.

The soil cover of the Vinnytsia region is relatively homogeneous. The
most widespread types of soils are gray forest soils — 1,000.1 thousand ha,
which is 50.5%, and black soils — 830.8 thousand ha or 42.1%.

On the other hand, there are criteria for soil suitability for minimization.
In particular, 1.S. Rabochev and others [15; 98; 104] established that the
following soil parameters best correspond to the minimization of cultivation:

— density in the equilibrium state 1.1-1.2;

— total sparability 50-55%;

— aeration gap at low pressure is not <I15%;

— water permeability not <Imm/min;

— HB 30-33;

— the content of waterproof aggregates is not <40%.

Zones of efficiency of minimum tillage in Ukraine:

I. The zone of high efficiency includes areas with chernozem soils.

II. Zone of reduced efficiency with gray forest, dark chestnut and
chestnut soils.

II1. Zone of low efficiency with sod-podzolic, light gray, light chestnut soils.

Based on the soil conditions, in Ukraine the minimum tillage can be
applied to 9.2 million hectares, incl. in the Steppe for 4.1 million hectares.
Direct sowing of individual crops can be carried out on an area of 1.6 and
0.6 million hectares, respectively.

In accordance with these principles and taking into account the described
properties of the soils of Vinnytsia region, the suitability of its soil cover
for the introduction of various tillage systems, ranging from the usual
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zonal to zero tillage, was determined for the region. The presented results
indicate that the majority of the soil cover is suitable for the introduction
of minimized tillage systems, which opens up opportunities for use in the
cultivation of the main agricultural crops. crops of modern tillage systems
with elements of zero and bioconservative agriculture.

The Vinnytsia region, the most desirable differential approach regarding
the alternation of soil cultivation systems, based on the soil and climatic
conditions of the territory, resource provision of the enterprise.

Taking into account modern trends in the development of plant
technologies, it is important to assess the suitability of the soil cover for the
introduction of organic farming systems.

Determining agricultural land suitable for organic farming and the
production of organic agricultural products is an urgent task in terms
of its development. In addition, at present, the evaluation of the soil
according to the indicator of its influence on the growth and productivity
of plants is considered insufficient. For its characteristics, it is necessary
to involve a wider set of indicators and criteria that are interconnected and
interdependent.

High-quality (healthy) soil should, along with providing a productive
component, preserve the quality of the environment and not threaten
people's health. One of the goals of organic farming is to maintain and
develop the quality of the soil and its fertility.

In order to identify agricultural land suitable for organic farming, it is
necessary to evaluate it in a specialized laboratory. According to the results
of the laboratory analysis, the physical, chemical and biological properties
of the soil, contamination with heavy metals, radionuclides, pesticides,
and nitrates are determined. Then these results are plotted on a map,
which allows manufacturers to determine the technological features of the
production process. To date, the zoning of the territory of Ukraine regarding
its suitability for growing ecologically clean agricultural products was carried
out by V.I. Kisil. Separate issues of structuring regions of Ukraine by types
of organic production were carried out by T.O. Seagull. Thus, the regions
of Ukraine are divided into unsuitable, limitedly suitable and suitable for
organic production. In particular, 60% of Vinnytsia's soil cover is limitedly
suitable for conducting organic farming systems [14; 54; 67; 79].

According to the estimates of N.A. According to Makarenko and others,
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the majority of the territory of Ukraine is fully suitable for organic farming
in terms of the content of Co, Mn, Pb, Ni and conditionally suitable due to
the low supply of Zn and Cu soils. The production of high-quality organic
products balanced in terms of the content of microelements is possible
with the use of auxiliary measures of crop nutrition Zn, Cu, locally Co, Mn
[9; 17; 23; 44; 49; 84].

In terms of these indicators, the Vinnytsia region as a whole belongs
to the regions suitable for organic farming in terms of the content of most
microelements, and limited in terms of the content of heavy metals.

Areas of local soil contamination of Ukraine with heavy metals associated
with large industrial centers and abnormally high natural content of mobile
forms of these elements in soils were noted. This increases the risk of excessive
accumulation of toxicants in plant products and significantly complicates
organic production in these territories. Therefore, when certifying land for
organic farming at the local level, special attention should be paid to the
state of ecological and toxicological indicators of the soil. Thus, the soil
cover of Vinnytsia has a whole complex of positive features and properties,
which leads the region to a number of promising and efficient agro-industrial
areas with a high level of natural conditions of fertility and opportunities
for increasing agricultural production, provided the introduction of modern
soil-conserving farming systems and the use of alternative its directions in
terms of biological preservation, organic, biodynamic, etc. Taking this into
account, at the level of Vinnytsia region, the development of a comprehensive
and systematic program for the protection of soil fertility and ecologically
balanced mechanism of the use of soil and land resources.

5. Practical value and conclusions

In Vinnytsia, the natural and climatic conditions are favorable for the
development of agriculture and animal husbandry. The unique investment
potential of the Vinnytsia region is the land fund. The region has the
largest share of Ukrainian chernozems, a significant part of them, 21%, is
chernozem type lands. This is a unique concentration of high-quality land
resources. By according to statistical data, more than 2 million hectares of
agricultural land, which is 3.3% of the area of Ukraine, have been secured
by land users.

Vinnytsia has opportunities for multifaceted aspects of management
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agro-industrial complex. One of the main natural resources is soil, most of
which is used for agricultural production, in some cases more than 80%.
Highly fertile soils, in particular chernozems, as well as less fertile ones,
such as gray forest soils, are concentrated in Vinnytsia Region.

Currently, high efficiency has been scientifically and practically proven
ecological aspects of organizational and technological measures in crop
production, which include: the use of siderates, the inclusion of perennial
leguminous crops in crop rotation, the use of organic fertilizers and their
methods of application, mulching, no-till soil cultivation, increasing the
efficiency of insect pollination, etc.
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Abstract. On weakly washed ashed black soil of heavy loams, the humus
content decreases by 12.9%, compared to unwashed soils. Weakly washed
ashed black soil had a content of easily hydrolyzed nitrogen by 13.3% less
than unwashed ones. The content of mobile forms of phosphorus in poorly
washed soils decreased by 51.1%. The content of mobile potassium on the
unwashed heavy loam was 34.9% higher than on the slightly washed soil.

Result. Observation of medium-washed ashed heavy loam black soil
showed that the humus content decreased by 8.8%, compared to lightly
washed. The content of easily hydrolyzed nitrogen decreased by 14.3%.
The content of mobile forms of phosphorus increased by 15.3%. The
content of mobile forms of potassium increased by 42.9%. Hydrolytic
acidity of slightly washed soil increased by 4.9%. The reaction of the
soil solution is 1.8%. The amount of absorbed bases increased by 11.4%.
Medium-washed heavy loamy black soil had 11.3% higher hydrolytic
acidity than lightly washed black soil. The reaction of the soil solution
was 1.7% lower. The amount of absorbed bases was the same. Changes
in the indicators of the agrochemical composition of ashed heavy loam
black soil on unwashed and slightly washed lands showed that weak soil
washing leads to a decrease in the content of humus, easily hydrolyzed
nitrogen, mobile forms of phosphorus and potassium, an increase in
the value of hydrolytic acidity, the amount of absorbed bases, and
optimization of the pH reaction of the soil solution. The largest decrease
in the content of mobile forms of phosphorus was revealed — by 51.1%,
and the smallest and almost identical decrease in the content of humus
and easily hydrolyzed nitrogen — by 12.9-13.3%. Among the indicators
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of acidity of the slightly washed black soil, the amount of absorbed bases
increased by 11.4%, compared to the unwashed one, and the least — the
reaction of the pH of the soil solution — by 1.8%.

From an agro-ecological point of view, weak soil leaching leads to the
deterioration of such indicators of soil fertility as a decrease in the content
of humus, easily hydrolyzed nitrogen, mobile forms of phosphorus and
potassium, and an increase in the hydrolytic acidity of the soil. At the same
time, the indicators of the reaction of the soil pH saline solution improve in
the neutral direction, and the amount of absorbed bases increases.

A similar dependence is observed when comparing the agrochemical
parameters of weakly and moderately washed ashed black soil heavy
loam. In particular, a decrease in the content of humus, easily hydrolyzed
nitrogen, a decrease in the reaction value of the soil solution pH, and an
increase in hydrolytic acidity, which are negative factors, were revealed.
The largest negative manifestation was observed in the decrease in the
value of the hydrolytic acidity of the medium-washed soil — by 14.3%, and
the smallest — in the value of the reaction of the soil solution pH — by 1.7%.

At the same time, the increase in the degree of soil erosion from weakly
washed to moderately washed caused an increase in the content of mobile
forms of phosphorus and especially potassium in medium-washed ashed
black soil in heavy loam, the content of which increased by 42.9 %.
A comparison of the changes in the agrochemical state of ashed black soil
heavy loam lightly washed with medium washed showed that the humus
content decreases more intensively in lightly washed soil, compared to
medium washed, by 4.1%; the content of easily hydrolyzed nitrogen
decreased more intensively in moderately washed soil, compared to lightly
washed soil, by 1%. Hydrolytic acidity increased by 6.4% more intensively
on moderately washed soil, compared to slightly washed soil.

Value/originality. In Ukraine, about a third of all arable land is exposed
to water erosion. The reasons for the development of erosion processes are
the plowing of sloping lands with a steepness of more than 3°, the cultivation
of row crops on them, mainly corn and sunflower, and intensive tillage with
overturning of the soil. When agricultural crops are grown on such lands,
their productivity is significantly reduced, but the question of changes in
the indicators of nutrition and ecological safety of the products obtained on
power lands has not been investigated.
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Research was carried out by establishing field experiments on sloping
lands with the spread of weakly and moderately washed erosion processes
and growing corn and sunflower on them. Laboratory studies were carried
out in the certified Scientific and Measuring Agrochemical Laboratory of the
Vinnytsia National Agrarian University. The change in the content of protein
and nitrates in plant products was determined depending on the slope.

When corn and sunflower are grown on sloping lands, the highest
content of protein and nitrates is observed in their products from the lower
part of the slope. The lowest protein content in sunflower seeds was found
in the middle part of the slope, which was 4.0% less than in the bottom
part of the slope. The lowest corn grain protein content was observed in the
upper part of the slope, which was 0.3% less than in the lower part of the
slope. The lowest nitrate content in corn grain was found in the upper part
of the slope, which was 21.0% less than in the lower part of the slope. The
lowest nitrate content in sunflower seeds was found in the middle part of the
slope and was 20.0% lower than at the bottom of the slope.

1. Introduction

The current crisis state of Ukraine's land resources, the decrease in soil
fertility and the large-scale spread of degradation processes lead to the
need for significant changes in economic activity and nature management.
The development and implementation of measures to increase soil fertility
on agricultural lands, their protection and reproduction primarily require
information on the agrochemical state of soils [1; 34; 40—43].

The development of intensive farming technologies has caused many
problems and changes in soil cover. In this regard, the issue of studying
the dynamics of soil processes and their agrochemical indicators under the
influence of economic activity is gaining special relevance [2; 33].

Land resources and favorable climatic conditions of Ukraine create
adequate potential for highly efficient farming and other branches of
agriculture, but an extensive approach to the use of the main means of
agricultural production — soil — has led to its degradation on large areas. For
many years, the expansion of the area of agricultural land and arable land
was almost the only measure to increase production. In pursuit of additional
centners of production, everything was plowed up: steep slopes, protective
zones along reservoirs and pastures, roadsides [3; 35; 44].
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In the 90s of the last century, the deterioration of the country's land
was especially rapid due to the aggravation of crisis phenomena in the
economy of Ukraine. Due to the lack of funds, the implementation of
the system of agriculture with the contour-reclamation organization
of the territory was stopped, the irrigated lands became abandoned,
no reclamation measures were carried out on them; agriculture was
conducted according to a sharply negative balance of organic matter,
the main biogenic elements, which led to the loss of about 10% of its
energy potential [4; 36].

A decrease in humus reserves and a decrease in the content of mobile
forms of phosphorus and potassium in the soil became characteristic for all
regions of Ukraine, since for many years the amount of fertilizers applied to
the soil was much less than what was carried with cultivated plants [5; 37].

2. Analysis of recent research and publications

Erosion processes cause irreparable damage to the land cover of Ukraine.
Thus, the annual loss of soil in the country reaches about 600 million tons,
which is equivalent to the loss of almost 120,000 hectares of land with a
humus horizon 50 cm thick. In the Forest Steppe, 23.4% of the territory was
damaged by erosion (mostly Kharkiv, Vinnytsia, Khmelnytsky, Ternopil
and Cherkasy region) [6; 50-53].

Erosion processes on sloping lands with light loamy black soil, in the
absence of agrotechnical measures, are manifested already at a steepness
of 1°. As a result of the comparison of the morphometric indicators of the
relief and the materials of the soil survey, a direct relationship between the
area of washed soils and the steepness of the slopes was established (the
correlation coefficient is 0.90—0.95). This pattern is observed only on slopes
occupied by agricultural land [7; 45-50].

The tendency to increase the area of eroded soils was found on slopes
with a length of 500 to 800 m. As the length increases, the area of washed
soils decreases, which is associated with the steepness and reduction of run
off [7; 30-32].

Erosion processes lead to the transformation of the soil cover, changes
in soil fertility indicators. Thus, the loss of 10 cm of the humus layer means
that more than 1,000 tons of soil is moved from 1 ha, and up to 5,000 tons
from a medium and strong degree of erosion [4; 27-29; 38].
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According to Yablokova A.V., with modern application technologies,
97-99% of insecticides and fungicides and 80-95% of herbicides fall into
the soil, water bodies, and air. The negative effect of mineral fertilizers is
that when they are systematically applied to the soil, harmful stationary
substances accumulate — heavy metals (arsenic, cadmium, chromium, cobalt,
copper, lead, vanadium, zinc, etc.). With each ton of phosphorus applied to
the fields, up to 160 kg of fluorine enters the soil, the high concentration of
which changes the direction of biological processes in the soil [8].

The development of erosion processes on sloping lands leads to the
formation of washed-out soils. The washed soil is characterized by the
violation of the upper humus horizon, as a result of which its fertility decreases
and agro-ecological characteristics deteriorate. According to the degree of
washing, unwashed, slightly washed, medium and strongly washed soils are
distinguished. The degree of soil washout is determined by comparing the
profile of the reference (unwashed) soil with the washed-out profile. No more
than half of the H humus horizon was washed away in weakly washed soils,
more than half of the humus horizon was washed away in moderately washed
soils, and the upper part of the transitional (illuvial) horizon was washed away
in strongly washed out soils. In eroded soils, the entire profile is destroyed by
erosion, and soil-forming rocks come to the surface [9; 20-24; 39-40].

Long-term use of intensive farming measures on sloping lands leads to
powerful degradation processes, strong soil erosion and changes in their
ecological and agrochemical characteristics. A similar trend is characteristic
of the agricultural lands of the Tomashpil district in Vinnytsia region,
the soils of which are located within the Volyn-Podilsky upland, are
characterized by significant hilliness, complex undulating topography, and
heavy mechanical composition.

Arable land in Ukraine occupies 57% of the country's area, which is more
than in all other EU countries. A large part of these lands is located on slopes.
One of the most dangerous factors of soil degradation on sloping lands is
water erosion. Its intensity increases with a high level of land plowing, with
the placement of row crops on slopes, tillage with the rotation of the plow,
a decrease in the share of perennial grasses in the structure of sown areas,
rectilinear placement of field borders, and a low level of afforestation of the
agrolandscape. Water erosion of the soil is characterized by plane washing or
surface erosion and linear or furrow water erosion [10; 25; 28].
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The materials of scientific research testify that the degree of soil
erosion increases with the increase in the steepness of the slopes. On
slopes with a steepness of up to 1°, weakly eroded soils prevail, occupying
approximately 16% of the entire slope area. As the steepness of the slopes
increases, both the total area of washed away soils and the degree of their
washing away increases sharply. On slopes of 1-3°, the area of eroded
soils occupies more than 60% of the slope, but weakly eroded soils also
prevail here [11].

Weakly eroded soils also prevail on slopes with a steepness of 3-5°, but
here the share of moderately eroded soils is increasing, accounting for more
than 20%. The washing away of soils on slopes of more than 5°, where
medium and strongly eroded lands make up more than 60%, is especially
sharply increased. Based on this, slopes that have a steepness of more than
5°must be taken out of cultivation and transferred to permanent afforestation
and afforestation [12].

Differentiation of the relief of different agricultural regions of Ukraine
determines the distribution of arable land according to the steepness of the
slopes. In Ukraine, slopes with a steepness of up to 3° prevail. They make up
88.5% of the entire area of arable land in our country. Arable land on slopes
with a steepness of more than 3° is the most dangerous for agricultural
use. Their share is 11.5%, and in some regions of Ukraine — up to 20%,
which indicates significant potential prerequisites for the development of
degradation, in particular, erosion processes [13].

In Ukraine, the area of eroded and erosion-dangerous soils is about
17 million hectares. The most washed-out soils are in Luhansk, Vinnytsia,
Dnipropetrovsk, and Odesa regions, where the share of washed-out soils is
53-66% of the total arable land area [14]. The total area of agricultural lands
of Ukraine, which are constantly affected by water erosion, is 13.4 million
hectares, of which 10.6 million hectares are arable land (32% of the
total area of these lands). Eroded lands include 4.5 million hectares with
moderately and severely eroded soils, including 68,000 hectares of those
that have completely lost the humus horizon [15].

In the Vinnytsia region, 851,100 ha were damaged by water erosion, of
which 743,800 ha were agricultural land or 30% of the total area of such
land, including 628,000 ha of arable land (36%), which is a third of the total
arable land [16].
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The emergence and development of erosion processes in soils is
associated with many reasons. One of them is the irrational use of soils,
which is facilitated by the intensive plowing of sloping lands with a slope
of more than 3° and the cultivation of row crops on them (especially sugar
beets, corn, sunflower); lack of a comprehensive approach in carrying out
anti-erosion measures; oversaturation of the structure of sown areas with
row crops [17].

The highest percentage of eroded land is in the Bar, Kryzhopol,
Tomashpil, Murovano-Kurilovets, Chechelnytsky, and Shargorod districts
(60—67%), the lowest is in the Lypovetsky, Kalynovsky, and Vinnytsia
districts (9—-14%) of the Vinnytsia region [18].

Studies of the influence of the degree of soil erosion on the efficiency
of their use show that depending on the increase in the specific gravity of
the areas, which are subject to water erosion, the efficiency of land use is
significantly reduced. Oversaturation of the structure of sown areas with
row crops — mainly corn and sunflower, significant plowing of sloping lands
and mass cultivation of row crops on them leads not only to a decrease in
their productivity on such lands, but also to a deterioration in the nutritional
value and ecological safety of the products obtained. If the issue of
reducing the yield of agricultural crops when growing them on slopes with
the manifestation of erosive processes has been sufficiently studied, then
the change in indicators of the nutritional value and ecological quality of
such products has not been studied enough, which determines the need for
conducting research.

3. Conditions and methods of research

The research was carried out on the basis of the processing of Materials
for monitoring and ecological and agrochemical certification of agricultural
lands of the FG "August V.A." Markivka village of Tomashpil district, which
were developed by the Vinnytsia branch of the State Institution "Institute
of Soil Protection of Ukraine" [19]. The soil of the experimental site is
black soil, gold-plated heavy loam with different degrees of washability:
unwashed, slightly washed, medium washed.

The following ecological and agrochemical indicators of the soil were
analyzed: humus — according to Tyurin [11]; hydrolytic and exchange (pH)
acidity [12]; base saturation; the content of nutrients available to plants:
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phosphorus and potassium — by the Chirikov method [13], nitrogen — by the
Kornfield method [14].

Agrochemical survey of farm soils was conducted on a total area of
740.5 hectares. The selection of samples was carried out in accordance with
the methodical instructions for large-scale agrochemical examination of
soils in the system of the agrochemical service of Ukraine.

Field research was conducted during 2018-2021 on the lands of the FG
"August V.A." Markivka village, Tomashpil district, Vinnytsia region. The
soil of the experimental site is black soil, gold-plated, heavy loam with
different degrees of washability: unwashed, slightly washed, and moderately
washed, which also depended on the steepness of the slopes.

Two crops were grown: corn and sunflower, with sowing on the
slope plots in such a way that the experimental plots covered the top,
middle part and bottom of the slope. The content of protein, nitrates
and moisture in corn and sunflower seeds was determined depending
on the location of the experimental plot at the top, middle part and
bottom of the slope. Experiments are repeated four times, placement of
options is systematic multi-tiered. The sown area of the plot is 30 m2,
the accounting area is 25 m?.

In the experimental plots, the average content of humus was 2.94%,
the content of easily hydrolyzed nitrogen — 113 mg/kg, mobile forms of
phosphorus — 137 mg/kg, mobile potassium — 152 mg/kg. The hydrolytic
acidity was 2.34 mg-equiv./100 g. The reaction of the soil solution was
5.5 pH. The amount of absorbed bases was 25.6 mg-equiv./100 g.

Laboratory studies were conducted in the certified Scientific and
Measuring Agrochemical Laboratory of the Department of Ecology and
Environmental Protection of the Vinnytsia National Agrarian University.
The content of protein in sunflower seeds and corn grains was determined
by the Kjeldahl method [10], nitrates by the spectrometric method of
molecular absorption [10], and moisture by the method of drying a weight
of plant mass by the thermostatic weight method in accordance with
DSTU 29144:2009 ISO 711-85 [10]. Grain and seed samples were taken
in accordance with the requirements of DSTU 4117:2007 [11]. We carried
out mathematical and statistical processes of the obtained research results
with the determination of the average deviation, correlation coefficients,
determination, construction of the equation and regression diagram.
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Only mineral fertilizers were used when growing sunflowers. In
particular, when sowing, N16P16K16 was applied in the form of a complex
mineral fertilizer, nitroammophos. Nitrogen mineral fertilizers in the total
amount of N70 were applied before sowing. Nitrogen mineral fertilizer
ammonium nitrate was used. When growing corn, only mineral fertilizers
were also used. In particular, during sowing, N16P16K16 was applied
in the form of a complex mineral fertilizer, nitroammophos. Nitrogen
mineral fertilizers in the total amount of N100 were applied before sowing.
Nitrogen mineral fertilizer ammonium nitrate was used. Sowing of corn
and sunflower, as well as soil cultivation, was carried out across the slope.

4. Changes in soil fertility indicators depending
on the degree of soil erosion

The main indicators of soil fertility are the content of humus, easily
hydrolyzable nitrogen, mobile forms of phosphorus and potassium,
hydrolytic acidity, the pH reaction of the soil solution, and the amount of
absorbed bases. Under the conditions of the development of soil erosion
processes and varying degrees of their washing away, a change in soil
fertility indicators is possible.

The humus content was 2.94% on the unwashed black soil of ashed
heavy loam by mechanical composition. On weakly washed soils, the humus
content decreases by 12.9% and amounts to 2.56%. The content of easily
hydrolyzed nitrogen in unwashed soils was 113 mg/kg. The analysis of
lightly washed ashed black soil established the content of easily hydrolyzed
nitrogen at 98 mg/kg, which was 13.3% less than in unwashed soils. The
content of mobile forms of phosphorus in unwashed soils was 137 mg/kg,
and in weakly washed soils it decreased by 51.1% and amounted to
67 mg/kg. The content of mobile potassium on unwashed ashed black soil
heavy loam was 152 mg/kg. This was 34.9% more than on lightly washed
soil, where the content of mobile potassium was 99 mg/kg (Table 1).

Observation of a site of ashed heavy loam black soil with slightly and
moderately washed-out degrees showed that the humus content on slightly
washed-out soil was 2.94%, and on moderately washed-out soil it decreased
by 8.8% and amounted to 2.68%. The content of lightly hydrolyzed nitrogen
on slightly washed ashed black soil heavy loam amounted to 112 mg/kg, and
on medium washed it decreased by 14.3% and was 96 mg/kg. The content
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Table 1
Changes in soil fertility indicators depending
on the degree of soil erosion
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of mobile forms of phosphorus on lightly washed soil was 50 mg/kg,
and on moderately washed soil it increased by 15.3% and amounted to
59 mg/kg. The content of mobile forms of potassium on slightly washed
ashed black soil heavy loam amounted to 89 mg/kg, and on medium washed
soil it increased by 42.9% and amounted to 156 mg/kg.

5. Changes in soil acidity indicators depending
on the degree of soil erosion

The degree of leaching of ashed heavy loamy black soil had a direct
effect on soil acidity indicators — hydrolytic, the reaction of the soil pH
solution, the amount of absorbed bases. In particular, the hydrolytic acidity
of the unwashed soil was 2.34 mg-eq./100 g, and the slightly washed soil
increased by 4.9% and amounted to 2.46 mg/100 g. The reaction of the
soil solution on the unwashed soil was 5.5 pH, and on slightly washed —
increased by 1.8% and amounted to 5.6 pH (Table 2).

The amount of absorbed bases in unwashed heavy loamy black soil
was 25.6 mg-equiv./100 g, and in weakly washed black soil it increased by
11.4% and amounted to 28.9 mg-equiv./100 g.

Observations of the acidity indicators of another soil area, where
the degree of washing was greater, revealed the hydrolytic acidity of
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Table 2
Changes in soil acidity indicators depending
on the degree of soil erosion

Hydrolytic | The reaction "(1)";1 ::l?s I:::t:l:dt
Type of | Mechanical | Degree of acidity, of the soil bases
soil components | washing mg-equiv./ solution, S /
100 g saline pH mg-equiv.
100 g
Ashed H ) unwashed 2,34 5,5 25,6
black soil | Y UM Weak washed | 2,46 5.6 28,9
Ashed T Weak (\;/ashed 1,72 5,8 29,2
black soil | 1<4YY Medium 1,94 5.7 292
washed i i ’

slightly washed soil of 1.72 mg-eq./100 g. The medium-washed black
soil, gold-plated heavy loam, had a hydrolytic acidity 11.3% higher —
1.94 mg-eq./100 g. The reaction of the soil solution of weakly washed soil
was 5.8 pH, and that of moderately washed soil was 1.7% lower — 5.7 pH.
The amount of absorbed bases of weakly and moderately washed soils was
the same and amounted to 29.2 mg-eq./100 g.

The analysis of the changes in the agrochemical composition of ashed
heavy loam black soil on unwashed and slightly washed lands showed that
weak soil washing leads to a decrease in the content of humus and nitrogen
of easily hydrolyzable, mobile forms of phosphorus and potassium,
increasing the value of hydrolytic acidity, the amount of absorbed bases,
and optimizing the reaction of the pH of the soil solution. In particular, the
largest decrease in the content of mobile forms of phosphorus was found —
by 51.1%, and the smallest and almost identical decrease in the content of
humus and easily hydrolyzed nitrogen — by 12.9-13.3%.

Compared to the unwashed soil, the amount of absorbed bases increased
the most among the indicators of the acidity of the slightly washed black
soil, by 11.4%, and the reaction of the pH of the soil solution — by 1.8%.
From an agro-ecological point of view, weak soil leaching leads to the
deterioration of such indicators of soil fertility as a decrease in the content
of humus, easily hydrolyzed nitrogen, mobile forms of phosphorus and
potassium, and an increase in the hydrolytic acidity of the soil. At the same
time, the indicators of the reaction of the soil pH saline solution improve in
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the neutral direction, and the amount of absorbed bases increases. A similar
dependence is observed when comparing the agrochemical parameters of
weakly and moderately washed ashed black soil heavy loam. In particular,
a decrease in the content of humus, easily hydrolyzed nitrogen, a decrease
in the reaction value of the soil solution pH, and an increase in hydrolytic
acidity, which are negative factors, were revealed.

The greatest negative manifestation was observed in the reduction of
the value hydrolytic acidity of medium-washed soil — by 14.3%, and the
smallest — on the value of the reaction of the pH soil solution — by 1.7%.
At the same time, the increase in the degree of soil washing from slightly
washed to medium-washed caused an increase in the medium-washed
black soil, ashed heavy loam content of mobile forms of phosphorus
and especially potassium, the content of which increased by 42.9%.
A comparison of the changes in the agrochemical state of ashed black soil
heavy loam lightly washed with medium washed showed that the humus
content decreases more intensively in lightly washed soil, compared to
medium washed, by 4.1%; the content of easily hydrolyzed nitrogen
decreased more intensively in moderately washed soil, compared to
lightly washed soil, by 1%.

Hydrolytic acidity increased by 6.4% more intensively on moderately
washed soil, compared to slightly washed soil.

6. The content of protein, nitrates and moisture
in corn grain grown on sloping lands

The protein content of corn grain grown in the upper part of the slope
was 5.8%. In the middle part of the slope, the protein content in grain
decreased by 0.2% and amounted to 5.6%. In the lower part of the slope, the
protein content, relative to its upper part, increased by 0.1% and amounted
to 5.9%. The highest protein content in corn grain was established when it
was grown in the lower part of the slope — 5.9%, and the lowest — 5.6%, in
the middle part of the slope (Table 3).

The content of nitrates in corn grain grown in the upper part of the slope
was 600 mg/kg. In the middle part of the slope, the nitrate content increased
by 6.3% and amounted to 640 mg/kg. At the bottom of the slope, the
nitrate content, relative to its upper part, increased by 21.1% and amounted
to 760 mg/kg. Thus, it was found that the highest content of nitrates
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Table 3

The content of protein, nitrates and moisture

in corn grain grown on sloping lands, M+m

Placement of crops Contents

relative to the slope protein, % nitrates, mg/kg moisture, %
Upper of the slope 5,8+0,1 600=+11 12,940,1
Middle of the slope 5,6+0,1 640+10 13,7+0,2
Bottom of the slope 5,9+0,1 760+13 12,840,1

was established in the grain of corn grown at the bottom of the slope —
760 mg/kg, and the lowest — at the top of the slope — 600 mg/kg.

The moisture content of corn grain grown at the top of the slope was 12.9%.
In the middle part of the slope, the grain moisture content increased by 0.8%
and amounted to 13.7%. In the lower part of the slope, the moisture content,
relative to the upper part of the slope, decreased by 0.1% and amounted to
12.8%. Thus, the highest moisture content in corn grain was established when
it was grown in the middle part of the slope — 13.7%, and at the bottom and top
of the slope, the moisture content in corn grain was the same — 12.8-12.9%.

7. Protein, nitrate and moisture content
of sunflower seeds grown on sloping lands

Observation of the protein content in sunflower seeds grown in the
upper part of the slope revealed its 21.3%. In the middle part of the slope,
the protein content in sunflower seeds decreased by 4.6% and amounted to
16.7%. At the bottom of the slope, compared to its upper part, the protein
content in sunflower seeds increased by 0.4% and amounted to 21.7%.
Thus, it was established that the highest protein content was observed in
sunflower seeds grown at the bottom of the slope — 21.7%, and the lowest —
in the middle part of the slope — 16.7% (Table 4).

The nitrate content in sunflower seeds grown at the top of the slope was
1960 mg/kg. In the middle part of the slope, it decreased by 18.4% and
amounted to 1600 mg/kg. In the lower part of the slope, relative to the upper
one, the nitrate content in sunflower seeds increased by 2.0% and amounted
to 2000 mg/kg. That is, the highest content of nitrates in sunflower seeds
was found when it was grown at the bottom of the slope — 2000 mg/kg, and
the lowest — in the middle part of the slope — 1600 mg/kg.
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Table 4
Protein, nitrate and moisture content
of sunflower seeds grown on sloping lands, M+m

Placement of crops Contents
relative to the slope protein, % nitrate, mg/kg moisture, %
Upper of the slope 21,3+0,2 1960+14 14,14+0,3
Middle of the slope 16,7+0,1 1600+12 15,0+0,2
Bottom of the slope 21,7+0,2 2000+£15 12,54+0,2

The moisture content of sunflower seeds grown in the upper part
of the slope was 14.1%. In the middle part of the slope, it increased
by 0.9% and amounted to 15.0%. In the lower part of the slope, the
moisture content of sunflower seeds, compared to the upper part of the
slope, decreased by 1.6% and amounted to 12.5%. Therefore, the highest
moisture content in sunflower seeds was found when it was grown in the
middle part of the slope — 15.0%, and the lowest — in the lower part of
the slope — 12.5%.

Correlation-regression analysis of changes in the quality indicators of
corn grain grown on different parts of the slope showed the presence of an
average positive correlation between protein content and nitrates (r=0.577),
a strong negative correlation between protein content and grain moisture
(r=—0.973). This indicates that with a decrease in the moisture content of
corn grown on sloping lands, its protein content increases, and also with an
increase in the protein content of corn grown on sloping lands, its nitrate
content increases. Based on the fact that protein is formed at the expense
of nitrogenous substances during nitrogen mineral nutrition of crops, then,
accordingly, when the content of protein in grain increases, the content of
nitrates also increases in it.

A strong positive correlation was established between the content of
protein and nitrates in sunflower seeds grown on different parts of the
slope (r = 0.999), and a strong negative correlation was found between the
content of protein and moisture in sunflower seeds grown on sloping lands
(r = - 0.819), a strong negative correlation was also found between the
content of nitrates and moisture in sunflower seeds grown on sloping lands
(r=-0.829). In addition to the revealed correlation-regression dependences
on the example of corn grain, a strong dependence was also established for
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sunflower seeds between the increase in nitrate content and the decrease in
moisture content in its seeds.

The coefficient of determination R?=0.8415 shows that when the protein
content in sunflower seeds changes by 1%, the nitrate content in it changes
directly proportionally by 0.84%.

The coefficient of determination R?> = 0.3804 shows that when the
moisture content in sunflower seeds changes by 1%, the protein content in
it changes inversely proportionally by 0.38%.

The coefficient of determination R?> = 0.2033 shows that when the
moisture content in sunflower seeds changes by 1%, the nitrate content in it
changes inversely proportionally by 0.20%.

Justifying the change in the protein content of sunflower seeds and corn
grains in different parts of the slope, it should be noted that the processes of
soil washing are just beginning in the upper part of the slope, so there is still
a certain supply of humus and nutrient minerals.

In the middle part of the slope, there is a strong washout of the soil both
from the upper part of the slope and from its middle part. Therefore, the lowest
protein content in sunflower seeds and corn grains was found here. In the
lower part of the slope, there is deposition, accumulation and accumulation
of humus and nutritious mineral parts of the soil that moved from the upper
and middle part of the slope. Because of this, the highest protein content was
found in sunflower seeds and corn grains in the lower part of the slope.

A similar dependence is observed in the change of nitrate content in
sunflower seeds and corn grain, in particular, the highest nitrate content
was found in sunflower seeds and corn grain grown in the lower part of the
slope. The lowest content of nitrates in sunflower seeds was found in the
middle part of the slope, and in corn grains — in the upper part of the slope.

8. Nitrate content in corn grains and sunflower seeds relative
to the maximum permissible concentration

Nitrates in seeds and grains of agricultural crops are an ecological factor
of product safety. Their content in seeds and grains is regulated by the
maximum permissible concentration (MPC), which for the studied crops is
500 mg/kg (Table 5).

An excess of nitrate content relative to MPC was found in corn grain by
1.2-1.5 times in all studied points, and in sunflower seeds by 3.2-4.0 times.
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Table 5
Nitrate content in corn grains and sunflower seeds relative
to the maximum permissible concentration
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The lowest nitrate content was observed in corn grain grown in the upper
part of the slope and in sunflower seeds grown in the middle part of the
slope. A significant excess of the permissible limits of nitrates in sunflower
seeds, compared to corn grain, is caused by a shorter growing season of
sunflower and a much lower level of yield of its seeds.

9. Conclusions

The development of erosion, which leads to the formation of washed
ashed black soil heavy loam, leads to a decrease in the content of humus,
easily hydrolyzed nitrogen, mobile forms of phosphorus and potassium, and
an increase in hydrolytic acidity. The further development of erosion, which
leads to the formation of moderately washed soils, leads to acidification of
the reaction of the soil solution.

When corn and sunflower are grown on sloping lands, the highest
content of protein and nitrates is observed in their products from the lower
part of the slope. The lowest protein content in sunflower seeds was found
in the middle part of the slope, which was 4.0% less than in the bottom
part of the slope. The lowest corn grain protein content was observed in the
upper part of the slope, which was 0.3% less than in the lower part of the
slope. The lowest nitrate content in corn grain was found in the upper part
of the slope, which was 21.0% less than in the lower part of the slope. The
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lowest nitrate content in sunflower seeds was found in the middle part of the
slope and was 20.0% lower than at the bottom of the slope.
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Abstract. Vinnytsia is a powerful and promising region from the point
of view of assessing its land-resource potential: in terms of the specific
weight of land resources in its total natural-resource potential (79.11%),
Vinnytsia ranks first among other regions for the average level of this
indicator in Ukraine — 44 .38%. On the other hand, the population of the
planet is growing every year and people have problems with food and
housing. Therefore, we face the problem of increasing soil fertility as the
main means of agricultural production. In this regard, there is a need for
careful and rational use of soils. Every farmer must improve his knowledge
of soil properties and must be able to regulate soil processes. After all,
in different geographical conditions, different soils are formed, different
plants are cultivated and they react differently to negative phenomena. The
purpose. Study of the soils of the Vinnytsia region in terms of the main
factors of their origin. Methodology of the study statistical probability.
Measures to prevent and eliminate them require special studies, sometimes
very subtle and complex, and necessarily with the necessary statistical
probability. That is why insufficient knowledge of the natural conditions
and characteristics of the soil cover is one of the reasons for the decrease in
fertility and loss of crops. Result. Thus, today the main task is the rational
use of land and resource potential in agricultural production, which requires
proper scientific support. It is the comprehensive analysis of the soil cover
of Vinnytsia from the point of view of the assessment of soil formation
factors, regime characteristics in terms of the main types of soils and, on the
basis of which, the analysis of the key directions of increasing the overall
efficiency of land use in the region is the goal of this monograph. Practical
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implications. Its content will also help the future specialist to successfully
master the features of the soil and land potential of the Vinnytsia region, will
allow him to effectively take into account the agro-technological features of
its use and improvement in his professional activity. Value/originality. The
content of the monograph is aimed at practical and theoretical assistance in
the study of the substantive part "Genesis, properties and distribution of the
main types of soils of the Vinnytsia region" in the section of the curriculum
in the discipline "Soil science", and will also be a significant help to the
agrarians of the region in forming a clear vision of the properties of the soil
cover of the region and rational ecologically oriented directions of its use.

1. Introduction

Land is the most important component of natural resources, the basis of
plant and animal life, a reservoir of natural wealth, the operational basis of
industry, settlements and roads, the main means of production in agriculture.
And that is why rational land use is a mandatory component of a complex
system of exploitation and protection of natural resources. For agricultural
production, the most important part of the earth is called soil — a special
natural formation, which is characterized by the features of living and non-
living nature, formed as a result of the long-term transformation of the
surface layers of the lithosphere under the joint and mutually determined
influence of the hydrosphere, atmosphere, living and dead organisms: it is
one of the components of the environment environment, its most important
property — fertility, which plays a leading role in human life, is the most
important condition for existence and reproduction, which constantly
replace each other in human generations.

Soil is the main component of terrestrial ecosystems, which was formed
during geological epochs as a result of the constant interaction of biotic and
abiotic factors. Today, the problem of soil protection has become particularly
relevant in connection with the increase in the Earth's population and the
food crisis. Therefore, maintenance and improvement of soil fertility,
prevention of soil depletion, erosion, salinization, waterlogging, and
contamination with various toxic substances are the key to high harvests,
growth of the population's well-being, and environmental cleanliness.

Soil is traditionally the main means of agricultural production and the
most valuable wealth of our country. The land fund of Ukraine is 5.7% of
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the territory of all of Europe and is 60,354,800 hectares, and in terms of the
area of agricultural land and arable land, Ukraine ranks first in Europe. At
the same time, owning such a large-scale land fund of the world's richest
chernozems, which, according to various estimates of scientists, are able to
provide food for 250-320 million people, Ukraine cannot even guarantee its
own food security [1; 3—5; 24-33].

2. Conditions, objective and methods of research

The position of the Vinnytsia region in the system of units of physical-
geographical zoning of the country is as follows: physical-geographical
country — Southwest of the East European plain — physical-geographical
zone — Forest-steppe — physical-geographical region — Dniester-Dnieper
forest-steppe region — physical-geographical region — North Dnipro region
Upland Region, Transnistrian-Eastern Podilsk Upland Region, Serednyobuz
Upland Region, Yuzhno-Podilskyi upland region. On the territory of the
region, forest-steppe upland disarticulated, forest and forest-steppe upland-
plain disarticulated, broadleaf forest upland disarticulated and terraced,
floodplain landscapes are common [5—14] (Figure 1).

Most of the territory of the Vinnytsia region is located within the
Ukrainian crystalline shield, which is part of the East European platform. In
the north and northeast, the foundation of the shield rises above the surface
at 100-280 m above sea level. m. The relief of the foundation is complicated
by numerous local tectonic uplifts and depressions, which are reflected in
its current state.

The foundation of the shield within Vinnytsia region is composed of
igneous and metamorphic crystalline rocks of the Archaean and Lower
Proterozoic. On top of the crystalline basement of the region is a low-
thickness sedimentary layer formed from rocks of the Upper Proterozoic
and Cretaceous, Paleogene, Neogene, and Quaternary systems of the
Phanerozoic, on its southwestern edge. The geological history of the
region is complex. It also influenced the formation of the relief [10; 14;
68]. The foundation of the territory [5; 14; 38] consists of rocks, the
formation of which refers to the Precambrian time. They are represented
mainly by granitogneiss. Outcrops of Precambrian rocks on the surface of
the day occur in deep ravines, gullies and in the form of rapids on rivers
(especially on the Southern Buza and its tributaries and the Dniester —
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Figure 1. Physical map of Vinnytsia region (geodesic format)
Source: [11]

in the Yampol region). Reddish and gray granites of Precambrian origin
occur in outcrops along the course of the Markivka and Rusava rivers. The
largest number of outcrops of crystalline rocks on the surface is observed
in the strip between the lines (conditionally) Kozyatyn — Pogrebyshche and
Mohyliv-Podilskyi-Yampil. The part of the Ukrainian crystalline shield,
which is located within the Vinnytsia region, has a general inclination to
the west — southwest. Therefore, in the Dnieper region, crystalline rocks
are covered by a thick layer of sedimentary deposits of the Paleozoic and
Mesozoic ages [1-8; 12—16; 55].

Marine sediments of the Silurian period are quite common in the
Dnieper region. They are represented by coarse-grained sandstones, green,
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gray and purple shales, limestones. Silurian deposits are widespread in
the area bounded (conditionally) by a line passing through the village of
Zhvan (Murovano-Kurilovetsky district), Nemerchi station to the village
of Chernivtsi Further to the southeast, Silurian deposits are widespread in
the lower reaches of the Rusava and Yalanka rivers, up to the confluence
of the Markivka and the Dniester. In some places, Silurian sediments are
250 to 350 m thick. Cretaceous sediments (Mesozoic era) are quite common
in Transnistria. Like the Silurian deposits, the chalk rocks extended in a
wide strip along the Dniester, from the Zhvan and Karaets rivers to the
Kamianka river basin. The thickness of sediments of the Cretaceous period
reaches 40, sometimes 60 m. Compared with Paleozoic and Mesozoic
sediments, Neogene sediments, in particular, Sarmatian and Baltic strata,
are widespread on a much larger part of the territory of the region [9—19].

The relief of the territory is heterogeneous, because neotectonic
movements of the earth's crust, climate and other factors played a significant
role in its formation, and in general assessment it is elevated in relation to
the sea level (Figures 2, 3).

According to the scheme of geomorphological zoning, the territory of
Vinnytsia is located within the boundaries of two geomorphological regions:
Volyn-Podilskyi and Transnistrian-Pryazovsky region, and the following
geomorphological subregions are distinguished within these two regions:
Podilsk structural-denudation upland, Baltic alluvial-delta plain, North-
Dnieper moraine-water-glacial and cut plain, West Dnieper Denudation
Upland and Central Dnieper Denudation Upland within the boundaries
of two geomorphological provinces — Podilska and Prydniprovska. The
Dnieperupland is gradually passing to Podilsk in the territory of the Vinnytsia
region. The watershed of the Dniester and the Southern Bug, mainly its
northeastern slopes, is a conventional geomorphological boundary between
the Dnieper and Podilsky uplands [21-24].

In the relief of the Vinnytsia region, the Podilsk and Dniprovsk highlands
stand out. The border between them is conventionally drawn along the
valley of the South Bug River. Most of the territory of the Vinnytsia region
is occupied by the Podil structural-denudation upland. The maximum height
of the Podilsk Highlands is located in the area of the Zhmerinsky uplift near
the village. Borschi-Chemeryske and is 370 meters above sea level. r. m
[25; 34; 68].
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Figure 2. Volumetric relief map of Vinnytsia

Source: [41]

Figure 3. Satellite image of the relief structure
of the Podillia territory

Source: [41]

The geological development of the territory of Vinnytsia underwent a
corresponding evolution with the formation of a corresponding modern
geological structure [7; 25-40]. In the late Mesozoic and Cenozoic,
the Ukrainian crystalline shield was affected by differentiated block
movements. As a result, the raised plain of the shield was divided into five
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geomorphological stages. The Buzhsko-Dnieper geomorphological grade
is located within the Vinnytsia region. Its structural basis is tectonic blocks:
Vinnytsia, Berdychevsky, Haysynsky, Yampilsky.

The Buzhsko-Dnieper geomorphological grade has absolute heights of
200-300 meters. The surface is a weakly undulating plain. Of the rocks,
granites, granite-gneisses and others are most common here. The maximum
absolute heights are found in the extreme southwestern part of the region,
where they reach 330-340 meters; in the watersheds of the Snyvoda,
Gnylopyat, Rostavitsa, and Rosa rivers, the heights are slightly lower,
280-300 meters. To the southwest of the city of Khmilnyk near the village
of Pedosy is the highest point of the Dnieper Highlands — 340 meters.

From the north-west to the south-east, not only the general slope
of the uplift surface is observed, but also its greater length (more than
200 kilometers, with an average width of 60-80 kilometers) [37; 48; 69—74].

The relief of the Dnieper Upland is not completely uniform. In the
western part, it is calmer: the river and stream system is relatively not dense,
the river cuts are shallow; but in the east, and especially in the southeast, the
nature of the terrain changes a lot: there are a lot of ravines, and the number
of beams and slopes is increasing.

The Podilsk uplift (elevated plain) has a geostructural basis of the
southwestern part of the Ukrainian crystalline shield and the Podilsk plate,
which is located only at its eastern edge within the Vinnytsia region.

The basic basis for the modern relief is the Sarmatian-Pontic surface
with the development of ancient alluvial, deltaic and typical sea Sarmatian
Pontic plains. The period of continental rift began here after the retreat of
the Sarmatian Sea.

3. Soil characteristics of the Vinnytsia region
In terms of geomorphology, the territory of Vinnytsia Oblast is within
the limits of the Right Bank Upland, which is mainly represented by the
Podilsky Plateau, the Dnieper Upland, and the Southern Pobuzhye, or by
two geomorphological regions — Azov-Prydniprovsky and Volyn-Podilsky,
respectively, the sub-regions of Prydniprovsky and Podilsk Highlands [26].
The Podilsk Plateau occupies most of the region and lies to the west
of the conventional line: the upper reaches of the Snivoda River — the city
of Kalynivka — the upper reaches of the Sob River and further along its
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valley and the South Bug valley to the border of the region. This is the most
elevated, dismembered and eroded territory, especially that part of it that is
inclined to the Dniester. Researchers believe that the relatively rapid uplift
of'this territory, which was observed in anthropogenic times, led to increased
erosion of the southwestern slopes of the Podilsky Plateau. The eastern and
northeastern parts of the plateau are much less fragmented. The Dnieper
Upland extends from the headwaters of the Snyvoda River to Girsky Tikich
(north-eastern part of the region). Their slopes are also incised by numerous
river valleys, but the general dismemberment of the surface is much less
and the territory has the appearance of a gently undulating plain.

According to the structure and shape of the relief and river valleys,
the subregion of the Dnieper Highlands is divided into a number of
geomorphological regions.

KOZYATINSKA STRUCTURAL AND DENUDATION WATER
DIVISION, as a geomorphological region, it is the watershed of the
confluence of the Southern Bug and the Dnieper, their numerous
tributaries: the Snyvoda, Desna, Gnylopyati, Guiva, Rostavitsa, Rosi,
Roska, Sobu rivers.

The Kozyatyn watershed is one of the largest in the region in terms
of distribution area. The southern border in the extreme northwestern part
coincides with the well-defined valley of the Khvosa River and runs along
the line of the villages of Tesy — Ivanivtsi — Shevchenkovo.

Kozhuhyiv — Bruslynyv and further east through the villages of
Bruslynyv — Penkivka — Mizyakiv, where it coincides with the valleys of
Zgar and Southern Bug; from the headwaters of the Desna, the southern
border coincides with the direction of the channel, and from Turbov along
the Vilshanka river valley, it is directed to Vakhnivka — Zoziv Lypovets-
Dashiv, along the valley of the Sob river to its confluence with the Soroka
stream, along the valley of which it goes beyond the boundaries of the
region [15; 24; 28].

Kozyatynska upland is the most peaceful area of Vinnytsia. Although it is
quite elevated above sea level — the absolute heights here are 290-305 meters,
however, the fragmentation of the territory is insignificant, the valleys of
streams and rivers have shallow cuts and gentle slopes. The watershed
plateaus here are relatively wide, weakly undulating and predominate in
terms of the area of the slopes.
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On the territory of the highlands there is a well-defined valley between
the headwaters of the Hnylopyati and Rostavytsia rivers. The valley is
composed of hydro-glacial deposits. Its depth does not exceed 30 meters.
In addition to the passable valley, in the northern part of the Kozyatynska
upland on the border with Zhytomyr and Kyiv regions, there is a whole
system of passable valleys between the rivers Teterev and Snivoda,
Glylopyat and Postolova, Gnylopyat and Guiva, Guiva and Rostavytsia,
Rostavytsia and Desna, Rostavitsa and Ros, etc. They are not always well
expressed in the relief and do not always attract the attention of researchers.

VINNYTSIA DENUDATION AND ACCUMULATION WAVY
PLAIN occupies the central part of the region from the South Bug valley
in the west to the Sob river valley in the east; in the north, it passes into the
Kozyatynsk watershed upland, and in the south, where its boundary is not
clearly traced, borders the northern slopes of the Podilsk upland [31; 65].

A detailed analysis of the relief and geological structure of the area
makes it possible to reveal the difference in the geomorphological structure
of its left-bank and right-bank parts, and therefore two geomorphological
subdistricts can be distinguished within this territory: left-bank (main)
and right-bank.

The left bank sub-district is relatively less elevated and dissected.
Average heights above sea level are 280-300 meters, reaching 310 meters
in the extreme west near the village of Yaryshivka and decreasing to
235-240 meters in the eastern part. The right-bank territory is slightly
higher at 290-323 meters.

The left bank is inclined in the south and southeast directions, the right
bank is more to the north. The left-bank part is weakly dissected by river
valleys, except for the Southern Bug and the Sobu, at least some significant
rivers are practically absent here. Thus, only one Voronka stream flows
through Voronovytsia in the direction of the Southern Bug, and only in the
villages of Korzhivka, Raigorod, and Nizhnya Kropivnya small streams
flow into the Southern Bug.

The hydrographic grid of the Sobu basin is somewhat denser. The
floodplain of the Sob River in the middle course (from Illintsy to Bubnivka)
is relatively wide, swampy in places, and well terraced. The right bank is less
terraced than the left, and terraces are found only in the area of the villages
of Dzvonikha, Kolyuhiv, Rogozna, Pechera, Markovo, and Bratslav.
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The topography is connected with the widespread distribution of forests
in the region in the past, and, accordingly, podzolized soils. The general
branching of the surface caused the formation of various degrees of eroded
soils in the region.

LETYCHIV-LYTIN HYDROGLACIAL ALLUVIAL PLAIN is a
peculiar geomorphological region of the Dnieper Highlands. Geologically
speaking, the Lytyn plain consists of a thin layer of water-glacial sandy
and sandy sediments on loess loams. The plain is a valley-like terraced
depression between Letychev (the upper reaches of the Southern Bug) and
Lityn (the valley of the Zgar River).

The total length of the plain does not exceed 75-80 kilometers, with
a width of 12-16 kilometers, although within the region the plain itself is
clearly defined only along the meridian Lityn — Selishche, and further to the
east it turns into an undulating depression, which is divided into two bands:
one of them stretches along the valley of the Zgar River to its junction with
the Southern Bug and further in the direction of Lavrivka — Stryzhavka; the
second, much wider in area and better defined in the relief, is located in the
direction of the rivers Riv and Rivets, forming a kind of intermediate valley
between the valley of the latter and the valley of the Southern Bug.

The eastern border of the Letychiv-Lytyna plain is the South Bug valley.

In general, the Litynska plain has a gently undulating flat surface with
depressions.

ThePodilsk Highlands are also divided into anumber of geomorphological
districts and sub-districts.

As a geomorphological region, the Zhmeryn Dismembered Forest
Highland occupies the most elevated part of the region. Absolute marks are
364-370 meters (near Baru). This is the territory of Barskyi, Zhmerinskyi,
part of Tyvrivskyi, Shargorodskyi and Tulchynskyi administrative districts.

In the north and northeast, the elevation borders the Letychevsko-Lytyn
plain and the Vinnytsia denudation-accumulative plain, in the south with
Mogilev-Podilskyi Transnistria. The total length of the upland is more than
110 kilometers, and it reaches Vapnyarka at its eastern end. The width in
the western and central parts is 40-50 kilometers. The Zhmeryn upland has
the shape of a triangle with a base of 50 kilometers in the western part on
the border with the Khmelnytskyi region and lateral sides with a length of
110-115 kilometers [31].
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From a geomorphological point of view, the Zhmeryn upland is the
interfluve of the Southern Bug and Dniester river massifs.

The territory is densely and deeply dissected by a rafter-beam system.
Wet, narrow, sometimes swampy floodplains are found only in the valleys
of the large tributaries of the Dniester — the Lyadova and Murafa rivers. In
general, the height slopes from the northwest to the southeast, decreasing
near Vapnyarka to 298 meters.

The Zhmeryn upland is the center of active modern water surface and
deep erosion, where the entire surface is constantly washed away, and in
20%-30% of cases it is severe, which leads to an annual loss of 45-50 tons
of fertile fine soil on each hectare of arable land.

MOHILIV-PODIL'S DIVIDED DOWNTOWN PLAIN, as a
geomorphological district, occupies the southern part of the region.
Sometimes this area is called Vinnytsia or Mogilev-Podilskyi Transnistria.
It stretches in a narrow strip along the entire course of the Dniester from the
western border of the region.

The geological base of Transnistria is (partially) the southwestern edge
of the Ukrainian Shield. The driving part of the district is calmer and less
fragmented by relatively wide beams; the Transnistrian part is very complex
inrelief, cutby canyon-like deep river valleys into a system of narrow sections
inclined from north to south. Therefore, four geomorphological subregions
are distinguished: the Kopaihorod erosion-denudation undulating plain, the
Vapniar erosion-denudation undulation plain, the Dniester supracanyon
terraces and the Dniester canyon [40—43].

The Kopaigorod erosion-denudation low-wave plain covers the territory
of the mouth and middle course of the Zhvan, Lyadova, Nemiya, Murafa
rivers and a narrow strip of 15-20 kilometers extends from the western border
of the region to the strip of the Sarmatian layer, which crosses Transnistria
in a sub-meridional direction along the Tomashpil line — Vilshanka.

This is a watershed area of Transnistria with heights of 300-310 meters
and a relatively calm, gently undulating, relatively flat terrain.

The headwaters of the rivers are slightly curved to the northwest. They
acquired a meridional direction after the formation of the river network and
rapid geological elevation of the terrain surface.

The plain consists of crystalline rocks of the Podilsk charnokite
formation. Above them lies a sedimentary complex of sand-limestone rocks
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of the Lower Sarmatian. Sometimes the slopes are composed of crystalline
rocks and partly Sarmatian limestones.

The limestone erosion-denudation undulating plain is a constituent part
of the Baltic Pliocene plain. It covers the confluence of the Markovka,
Vilshanka, and Kamianka rivers and lies to the east of the Kamenska reef
ridge, which is weakly expressed in the relief in the Tomashpol area. The
river valleys here are not very terraced. Due to the large slope of the area
to the southwest towards the Dniester, the river-beam network is more
developed than on the Kopaigorod plain. At the base of this plain are
crystalline rocks — pygmatites.

Quaternary sediments are represented mainly by deluvial loams,
sometimes with admixtures of Carpathian pebbles. They lie mainly on
the slopes of streams, they are absent on watersheds. River floodplains
in the upper reaches are wider than in the lower reaches, sometimes
slightly swampy.

The relief of the northern part of this subdistrict to the latitude of
Horodkivka — Kryzhopol is relatively calm. The territory is raised an average
of 300 meters above sea level. Although the southern half of the subdistrict,
the eastern border of which is the watershed between the Nizhny Bug and
Dniester rivers, is very complex: the topography is mostly narrow watershed
strips and sloping lands of a very complex shape. This territory is the most
affected by water erosion among all geomorphological regions of the region.

The area of the Dniester canyon terraces stretches up to 30 kilometers
along the Dniester channel from the northwest to the southeast. Two
parts of the sub-district are distinguished: the outer one, which borders
the Kopaihorod erosion-denudation low undulating plain, and the inner,
bordering sub-district of the Dniester Canyon.

The outer part is the territory with absolute heights of 250-270 meters
and deepening (cutting) of riverbeds into the surface up to 150-200 meters.
According to the geomorphological structure, this is the territory of the
fourth and fifth terraces, raised above the level of the Dniester river bed by
50-60 and 90-100 meters. The slopes of the valleys are steep, and the rivers
have the character of mountain streams.

The inner part is the territory of mainly the first, second and third floodplain
terraces of the Dniester. Rapid currents, river regimes, the structure of valleys
resemble real mountain rivers. In the upper part of the slopes of the canyons
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along the rivers Zhvan, Karaets, Lyadova, cornices formed by weathered
limestones are developed on both sides of the valleys. Cenomanian siliceous
marls, Cambrian sandstones and shales are exposed below on the slopes.
Floodplains are very narrow, sometimes completely absent [19; 78—80].

A fourth geomorphological subregion stands out within the boundaries
of Mohyli-Podilskyi Transnistria, where the edge of the shield caused the
Dniester valley to change direction from east to south-east, the Vinnytsia
Dniester Canyon. It differs from Khmelnytsky Transnistria. First of all,
there is a different climate here, which contributes to the development of
viticulture and horticulture, as well as resort science. Four over-canyon
terraces are developed within the canyon. Lowland terraces are erosive and
accumulative, upper ones are mostly erosive. The first terrace is covered
with pebbly alluvium and loam; the second — pebbles and loamy loams.
Cenomanian marls and Middle Sarmatian limestones were deposited on the
third and especially the fourth.

BALTIC EROSION-DENUDATION DIVIDED PLAIN as a
geomorphological region, the is the southern edge of the most lowered and
narrowed part of the Podilsk Highlands. In general, this gently sloping territory
is elongated in the southeast direction and is represented by a very narrow
Dniester-Buzhsky watershed within the southeastern part of Kryzhopolsky
and Pishchansky districts, as well as Chechelnytskyi. The general slope of
the territory is mainly to the east and southeast, and partly to the south. The
highest surface mark near Vapnyarka — Kryzhopol — Yavorivka — Rudnytsia is
308-303 meters [15; 54; 68]. The lowest — on the eastern edge of the district
near Kydrasovka — Goldashivka — Berezok Chechelnytskyi—218-224 meters;
in the southern direction, the slope is insignificant, the heights do not fall
below 259-243 meters (Brytavki Lubomyrka); in the northern part of the
territory 277-265 meters (Kytaihorod — Budy).

The height difference from west to east does not exceed 60 meters,
therefore the river courses are relatively calm, their valleys are wide, as
a rule, they have waterlogged, swampy, and sometimes peaty floodplains,
although terracing is almost absent.

The depth of the local bases of erosion is within 100 meters (250 meters
of height on the plakors, 130-160 meters in the valleys of rivers and
streams). This area corresponds to the Tulchyn-Bershad type of eroded
territories (erodedness is 30-40%) (Figure 4).
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The most erosively dissected relief according to the criterion of the sum
of the areas with a steepness of slopes greater than 50 was determined for the
districts of the Barsky region (15.8% of the surveyed area), Zhmerynskyi
(15.68%), Kryzhopolskyi (18.73%), Pogrebyschenskyi (16.15%),
Chechelnytskyi (28.23%), Shargorodskyi (11.06%) (Table 1).

In general, the soil cover of Vinnytsia according to the development
of erosion (Table 2) can be divided into three main zones, of which the
North-East and South-West are the most eroded. It should also be noted that
for the conditions of the studied region, the composition of eroded soils is
dominated by weakly eroded lands — 4.71-36.6% (by district of the region),
and the smallest share — strongly eroded 0.01-4.24%. The conditions of
Chechelnytsy (4.24% of heavily eroded lands), Pogrebyschensky (3.35%),
Bershadsky (1.93%), Kryzhopolsky (1.52%) districts, etc., are particularly
threatening. It can be concluded that only on the fourth part of the territory
of the Vinnytsia region, land use is not related to problems with land
cultivation and cultivation of agricultural crops. From the point of view
of the relief of the area, intensive soil protection technologies should be
applied on half of the lands of Vinnytsia, especially in its southern part,
because every year more than 45-55 tons of fertile fine soil is lost, which is
washed away by erosion flows.

Density and depth of relief dissection

Figure 4. Morphometric analysis of the relief of the Vinnytsia region
Source: [2]
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According to B. D. Panasenko and based on his analysis, the following
forms of microrelief and their corresponding geotopes are distinguished
within the field landscapes of the Vinnytsia region:

1) beam-like depressions and semi-closed depressions;

2) the foot of terraces and ledges with an even transverse profile;

3) even sections of the slope (in the longitudinal and transverse
directions), including subhorizontal surfaces;

4) edges of terraces and ledges with an even transverse profile;

5) ridges with an even longitudinal profile;

6) ridges with a convex profile, including hills and peaks. Selected
geotopes in their territorial combinations form the next, higher hierarchical
level of local geosystems — part of the catchment in watercourses of the 1st
order (according to the Horton-Strahler classification).

This part of the catchment corresponds to a complex of slope tracts.
The elementary catchment consists of several slopes with different solar
exposure. Elementary types of locations are evaluated primarily by their
place in the system of local conjugations (paragenesis) characteristic of
the region. For this purpose, the listed geotopes are distributed according
to certain categories of paragenetic links of the paragenetic series. The
paragenetic series includes the following elementary landscapes: eluvial,
or autonomous, transeluvial, transaccumulative, accumulative, and
superaquatic, or surface. The field landscapes of watersheds and hilltops
belong to eluvial landscapes, the edges of terraces and ledges, as well as
the upper parts of slopes — to transeluvial, the middle and lower gently
sloping parts of slopes — to transaccumulative, and the foot of terraces and
the bottom of basins — to accumulative landscapes [17; 56].

There are also accumulative-eluvial landscapes confined to closed and
semi-closed depressions in local watersheds and transaquatic-superaquatic
(floodplain) complexes, characterized by sharp seasonal changes in the
water regime. Each type of elementary landscape is divided into subtypes
and types based on the elevation of the area, exposure and slope, the position
of the geotope in the system of different watercourses, lithology and the
mechanical composition of the soil-forming rocks. All these features are
of decisive importance in the territorial differentiation of field landscapes.
Regional elementary field landscapes of Podillia correspond to three main
groups of relief types:
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1) eluvial — positive morphostructures, in particular plakors, heights and
high plains;

2) accumulative — lowlands, valleys, etc.;

3) transeluvial and transaccumulative occupy the slopes of highlands
and valleys.

Such factorial-dynamic series within the Vinnytsia region have a certain
peculiarity, because one of the upper links of the landscape conjugation
(eluvial or transeluvial) often falls out here, and the two lower links
(transaccumulative and accumulative) in the conditions of a flat relief often
it is difficult to distinguish, because they simply overlap each other.

Within Vinnytsia region, the most diverse types of field landscapes
are usually characteristic of gently undulating and hilly watersheds with
erosive and erosive-denudation relief. Considerable, although noticeably
less, landscape-species diversity is characteristic of the middle sections
of gently undulating slopes of mezhyrivers, which occupy a transit
location. Transaccumulative and accumulative elementary landscapes are
primarily formed by the features of the lithological composition of the
genetic types of soil-forming rocks and features of the relief. The region
is characterized by a long-term manifestation of erosion-denudation
processes with the formation of various forms of relief of the "stratified"
type at the interfluves and a cover of slope deposits of various mechanical
composition and thickness.

Within Vinnytsia region, three territories are distinguished based on the
predominance of types of field landscapes by type of location:

1) north-eastern — erosional-denudational with a predominance of
eluvial-transeluvial (52% of the area) and transaccumulative (26%)
elementary landscapes within gently sloping slopes Dnieper Highlands;

2) internal (South Bug valley) with the development of fluvial processes,
accumulation and valley complexes; within its borders, transaccumulative
and accumulative elementary landscapes prevail (42% of the area), which,
together with transeluvial ones, occupy 82% of the territory;

3) southwestern with a predominance of transeluvial (58% of the area)
and transaccumulative (28%) elemental landscapes within the Podilsk
Highlands.

The north-eastern part is almost homogeneous in terms of soil
types — 60% of arable land is occupied by typical and strongly regraded
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chernozems, 24% by podzolized and slightly regraded chernozems. There
are more accumulative and transaccumulative elementary landscapes in
the northwest of this part, and eluvial and transeluvial landscapes in the
northeast. The South Bug Valley is distinguished by the dominance of gray
podzolized soils with low humus reserves.

The area of transeluvial elementary landscapes decreases here from
west to east, and transcumulative ones increases in the same direction.
Such an important feature of field landscapes, which they acquired as a
result of anthropogenic development, is directly related to the types of
locations. It defines their property as the degree of hydromorphism. At
the same time, the change in the content in the upper horizons of the
soil of silty-dusty fractions, which come with lateral material flows from
neighboring relatively higher areas, is of great importance. An increase
in such fractions makes the mechanical composition heavier and at the
same time increases the humidity of the arable layer due to the content of
bound water. At the same time, however, the water-air regime of the arable
layer deteriorates significantly and soil fertility decreases. The removal
of small particles is noticeable on well-drained, especially dissected
uplands, therefore, hydromorphization is characteristic of lowland-valley
geotopes, where the accumulation of finely dispersed material is observed.
For a multidimensional landscape-ecological analysis, the types of field
landscapes of Vinnytsia region were combined into groups of species
taking into account the types of location, genetic unity of species, lithology
and mechanical composition of the arable layer and edaphic moisture,
which determine the potential fertility of soils [23; 67].

Also, the relief is related to the wide spread of forests in the past in the
territory of the region, which resulted in the formation of charred soils.

4. Practical value and conclusions

Land is the most important component of natural resources, the basis of
plant and animal life, a reservoir of natural wealth, the operational basis of
industry, settlements and roads, the main means of production in agriculture.
And that is why rational land use is a mandatory component of a complex
system of exploitation and protection of natural resources. For agricultural
production, the part of the earth called soil is of the greatest importance — a
special natural formation, which is characterized by the features of living
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and non-living nature, formed as a result of the long-term transformation of
the surface layers of the lithosphere under the joint and mutually determined
influence of the hydrosphere, atmosphere, living and dead organisms : it is
one of the components of the environment, its most important property is
fertility, which plays a leading role in human life, is the most important
condition for existence and reproduction, which constantly change each
other in human generations.

Soil is the main component of terrestrial ecosystems, which was formed
during geological epochs as a result of the constant interaction of biotic and
abiotic factors. Today, the problem of soil protection has become particularly
relevant in connection with the increase in the Earth's population and the
food crisis. Therefore, maintenance and improvement of soil fertility,
prevention of soil depletion, erosion, salinization, waterlogging, pollution
with various toxic substances is a guarantee of high yields, growth of
population welfare and clean environment.

Vinnytsia is a powerful and promising region from the point of view
of assessing its land-resource potential: in terms of the specific weight of
land resources in its total natural-resource potential (79.11%), Vinnytsia
ranks first among other regions for the average level of this indicator in
Ukraine — 44.38%.
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as an organic fertilizer and it is proposed to use it for the development of
organic agricultural production. Methodology. The conducted studies are
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framework of farm contract and state topics. It was established that in order
to ensure a deficit-free balance of humus in soils and their deoxidation, an
urgent task is to change the fertilizer application system with a reorientation
to increase the share of organic fertilizers. Practical implications. The
problems of land degradation and desertification are exacerbated by crop
rotation violations, an imbalance in the production of livestock and crop
production, a significant decrease in the number of cattle, the concentration
of export-oriented agricultural crops in vertically integrated agricultural
structures, which leads to soil mineralization, and also due to the rapid
pace of climate change; which are accompanied. Value/originality. Based
on the data analysis, it was proven that the use of digestate ensures the
energy independence of enterprises and the industry in general, ecological
capacity, leads to an increase in the yield of agricultural crops, an increase
in soil fertility, a decrease in soil acidity, a decrease in the cost of applying
mineral fertilizers due to the introduction of digestate, and an increase in
the yield of agricultural crops. enterprises. The agrochemical analysis of
digestate as an organic fertilizer was studied and it was proposed to use it
for the development of organic agricultural production.

1. Introduction

Land resources play an important role in the development of Ukraine's
productive forces. The modern land use system is a complex object,
characterized by various forms of ownership, targeted use, dynamic
development (change in the composition of land, economic objects), as
well as obtaining the maximum economic profit in the process of use. This,
in turn, deepens the problems of anthropogenic load on land resources,
irrational land use, land structure, etc. The economic model, according to
which agricultural production is developing in Ukraine, causes extremely
high risks for society. Reckless use of natural capital — soil, water, air
pollution leads to irreversible changes in ecosystems. Limited or insufficient
implementation of measures aimed at preserving this capital inevitably lead
to an increase in costs for its replacement. It is also important that as a result
of the imbalance in ecosystems, their ability to support growth is reduced,
which inevitably leads to a decline in the current level of consumption.

At the current stage, there is a need to change the paradigm economic
growth both in the economy in general and in the industry agricultural
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production in particular. New models of production and consumption are
needed, as well as a fundamentally different approach to defining the concept
of "growth" and measuring its results, where the ecological component of
development is the main one.

For intensive agricultural production and full restoration of humus
reserves in Ukraine requires the annual application of 320-340 million
tons of organic fertilizers. Previously, this balance was maintained
mainly at the expense of domestic livestock. However, today the livestock
population in the UK rainini is nullified. Thus, on 1 ha of arable land in
Ukraine, there are ten times fewer cattle than in the countries of Western
Europe [1, p. 45-47].

In recent years, an average of 17 times less organic fertilizers than
necessary have been applied to crops. Therefore, the soil without organic
substances is greatly depleted and yields are reduced. It is known that the
loss of 0.1% of humus in the soil reduces grain yield by 0.5 t/ha. If the
trend continues, then in the near future Ukraine may be on the verge of
humus starvation — a serious ecological disaster. And then no agrotechnical,
reclamation, nature protection and organizational and economic measures
will be able to restore the agrotechnical potential of the land [2; 3].

In modern conditions of agriculture in Ukraine, the real source of organic
matter is straw, stubble, stalks and other post-harvest residues, siderates,
therefore it is very important to justify the price of these wastes [4].

Soil organic matter, as an integrated indicator of its fertility, takes an
active part in plant nutrition, creation of favorable physico-chemical
properties, migration of various chemical elements in it, because the most
important soil processes are primarily related to organic compounds [5; 6].
Despite the fact that Ukraine has a large export potential of agricultural
products, the agricultural sector of our country still cannot be called
ecological.

The production of agricultural products leads to the emission of three
greenhouse gases: carbon dioxide, methane and nitrous oxide. Agriculture
accounts for almost half of the global emissions of the two most powerful
greenhouse gases, after carbon dioxide, nitrous oxide and methane. Nitric
oxide is formed during microbiological and chemical transformations of
organic matter, both in oxidation (nitrification) and reduction reactions
(denitrification). The volume of emissions depends on the type of soil,
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humidity, temperature and soil cultivation system. So, the expected results
of the research are aimed at achieving complex ecological, economic,
energy and social effects.

2. Analysis of recent research and publications

Hryhoriy Kaletnik carried out calculations of the needs for land resources
to solve the outlined problems.

Victor Mazur singled out the main sources of pollution of the agricultural
sector — the use of fossil fuels, burning of plant residues in the fields, non-
compliance with the norms of waste disposal of plant and animal products,
food waste, principles of land use, etc.

Inna Honcharuk comprehensively considered the concept of energy
independence from the standpoint of ensuring the country's food and
environmental security. And also revealed the role of the agro-industrial
complex of Ukraine in solving the problems of energy and environmental
security of the state.

Hanna Pantsyreva determined that the agricultural sector suffers from
changes the most out of all branches of the country's economy climate,
however, it is also not ecological and affects climate change.

Lina Bronnikova examined the state of humus content in the soils of
Ukraine, the actual situation with land degradation, the degree of plowing
of agricultural lands in the Vinnytsia region.

Oleksiy Alieksieiev carried out a comparative analysis of the ratio of
plowed agricultural land and the share of agriculture in the GDP of the
countries of the world.

A number of foreign researchers claim that the use of fermented sludge
stimulates the growth of soil microorganisms and their metabolic activity
[19]. As a result, faster ammonia oxidation is observed, general nitrogen
mineralization and denitrification processes increase. Phosphorus in
aerated sludge is mainly in the form of phosphates and nucleoproteins, and
potassium is contained in the form of digestible salts, which ensures their
better consumption by plants. Moreover, during the fermentation process
in the biogas plant, the potassium content practically does not change
increases, however, the amount of absorbed phosphorus doubles. Of the
other macroelements, calcium (1.0-2.3%), magnesium (0.3-0.7%) and
sulfur (0.2-0.4%) are also present in the carbonated sludge [20].
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Many scientists in their writings proposed the concept of development
of rural areas with the introduction of complex environmentally safe
technologies for the production and use of biofuels [10—11]. However,
issues regarding the prospects of using digestate in the agricultural sector as
a source (way) of increasing energy independence and soil fertility remain
insufficiently clarified.

3. Literature review

The main chemical elements, thanks to the presence of which in the fertile
layer of the soil increase the yield of grain, leguminous and industrial crops,
are nitrogen, phosphorus, potassium, and for some plants — magnesium. Data
on the cost of nutrients in widely used inorganic fertilizers — urea, ammonium
nitrate, ammonium sulfate, ammophos, diamofoska, nitroamofoska,
superphosphate, KAS-32, potassium chloride — were selected from scientific
and reference literature, summarized and analyzed. In these fertilizers, such
nutrients as nitrogen, phosphorus, potassium and magnesium are in the form
of salts — nitrates, phosphates, potassium and magnesium. Taking into account
the chemical formulas of fertilizer salts, the share of each of the elements was
determined, and based on the price of the mineral fertilizer and the share of
each of the constituent nutrients, the cost of cach element was calculated.

Digestate is organic substrates after fermentation in biogas plants,
saturated with nutrients and excellent for soil fertilization [ 12]. Re-fermented
sludge (digestate) is a highly effective disinfected fertilizer that returns
nutrients and lignin to the soil as the basis of humus formation and ensures
the production of ecologically clean products [12—14; 37-38]. Any organic
waste of plant and animal origin can be used to obtain digestate [25; 26].
The source of organic nitrogen is the microorganisms of the alimentary tract
of animals.

Biofertilizer is applied to agricultural, decorative and vegetable crops
in a water-diluted form, by fertilizing, surface watering the soil or spraying
the leaf surface of plants [30]. Having a slightly alkaline environment (pH
7.6-8.2), reduces the acidity of the soil. It is used in in all climatic zones,
for all types of soils, increasing their fertility and improving their ecological
condition, increases the resistance of plants to adverse environmental
conditions, especially during late frosts, microbiological processes in the
root zone of plants occur with the release of heat necessary for the protection
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of seedlings. Fertilizer application improves survival of transplanted fruit
crops both in spring and autumn. One to three tons of liquid fertilizer is
equivalent to 50-100 tons of manure in terms of effectiveness [31; 36].

There is global experience in the use of biofertilizers (digestate), in
particular, they are widely used in Holland, Germany, England, Finland,
Italy, China, India and other countries. In the conditions of Ukraine,
very good results of fertilizer application are obtained when growing
vegetable and berry crops, as well as cereals, fodder and lawn grasses,
ornamental plants [19; 35].

The production of digestate and the stability of anaerobic digestion
processes strongly depend on the composition of waste, process conditions,
and the activity of microbial colonies in the system. In this sense, certain
ratios of mixing, co-digestion can also lead to antagonistic interactions that
reduce the productivity of the biogas plant [8; 19; 34].

Ukraine has a fairly powerful raw material potential for the production
of'biogas and digestate [14; 33]. Livestock complexes and poultry farms can
be considered primarily as producers of waste, since the volumes of manure
and droppings are hundreds and thousands of times greater than the volumes
of the main products, and this is ecological problem [6; 15; 32]. Evaluation
of the yield of manure, litter, biogas and digestate depends significantly on
specific conditions and technology. In particular, the yield of manure (and,
to a lesser extent, litter) depends on the age of the animals, as well as on
local framework conditions and conditions of maintenance (feed) [35]. The
amount of waste from the agro-industrial complex of Ukraine today reaches
290 million tons per year (108 million tons of dry matter) [4]. In Ukraine,
about 50% of livestock farms are industrial [2; 14; 31].

The concept of development of rural areas with the introduction of
complex eco-safe technologies for the production and use of biofuels has
been developed in the world, the implementation of which will ensure the
restoration of soil fertility by establishing a balance between the fields of
plant and animal husbandry, will allow increasing the employment of the
rural population by installing biogas complexes directly at the enterprises
of the agro-industrial complex, and will ensure the energy independence
of farms and rural communities through the introduction of complex eco-
safe technologies for the production and use of biofuels in agricultural
formations from existing resources [22—30; 40—44].
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4. Conditions, objective and methods of research

The scientific work is aimed research of agrochemical analysis
of digestate as an organic fertilizer and it is proposed to use it for the
development of organic agricultural production. Methodology. The
conducted studies are substantiated on experimental studies of scientific
topics on the topic: "Development of bio-organic technologies for growing
agricultural crops for the production of biofuels and ensuring the energy
independence of the agricultural sector". When conducting observations,
accounting and analysis, generally recognized methods were used, in
particular "Fundamentals of scientific research in agronomy") [19].

5. Prospects for the use of digestate in Ukraine and the world

The by-product of fermentation — digestate — is usually used in
agriculture in two forms: liquid and solid. Due to the content of readily
available forms of nitrogen, phosphorus, potassium, sulfur and trace
elements, digestate is a complete fertilizer, which, thanks to its properties,
can replace mineral fertilizers [18]. The content of nitrogen compounds
in the digestate is preserved on average by 70%, the content of potassium
and phosphorus — by 100%. The estimated nitrogen content is 4.3-5.4 kg,
phosphorus —2-2.5 kg, and potassium — 8.8-13.1 kg per ton of re-fermented
manure [15].

From the point of view of the legislation of Ukraine (Law of Ukraine
"On Pesticides and Agrochemicals"), agrochemicals are organic, mineral
and bacterial fertilizers, chemical meliorants, plant growth regulators and
other substances used to increase soil fertility, yield of agricultural crops
and improve the quality of plant products [11; 29].

Therefore, having fertilizing properties when applied to the soil, digestate
formally falls under the concept of agrochemicals. In addition, digestate is
a special type of organic fertilizer because it has a variable composition
throughout the year and from year to year. This is due to the difficulty of
maintaining stable technological regimes during the operation of biogas
plants. Due to the variability of digestate composition, its state registration
as conventional fertilizers is a practical nonsense [15].

Organic fertilizers are traditionally considered to be manure or droppings
from animal husbandry, sapropel, composts. But with the development
of biogas production technologies in Ukraine from by-products and raw
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materials of agricultural origin, more and more digestate is formed — mass
re-fermented in anoxic conditions [23].

Such digestate is also a valuable resource for restoring soil fertility, as
it contains a complex of nutrients and microelements in forms available
to soil biota, allows for deacidification and moistening of soils, and is a
source of soil-beneficial bacteria. As an organic fertilizer or soil improver,
digestate at almost all active biogas plants in Ukraine is only a by-product
of the biogas production process. And the most rational way to use it is to
apply it to the soil [17].

Regular application of fertilizers in them helps to maintain the health
of the soil. The use of mineral fertilizers made it possible to intensify
agricultural production, make it more predictable and, accordingly,
economically feasible [10].

But one of the main factors in restoring the fertility of Ukrainian
lands is organic fertilizers: plant residues, by-products, siderates, etc. The
introduction of organic matter improves the agrochemical, physical and
water-air properties of soils [17].

6. Research of raw materials for the production of digestate

Digestate is a highly effective organic fertilizer that passes through stages
of fermentation, destruction of harmful substances, has useful elements for
plants and soil.

Currently using modern technologies to obtain biofertilizers can be used
to process various types of organic waste.

Main types of waste:
. Cattle manure (cattle).
. Chicken droppings.
. Pig manure.
. Sugar beet tops.
. Straw and grass.
. Forestry waste.
. Sediment and wastewater.
. Dairy waste (lactose, whey).

Wastes of animal and bird origin are the most valuable organic fertilizers,
which include liquid and solid excretions of animals. They contain important
elements for the growth and nutrition of plants.

0N DN B W —
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Figure 1. Raw materials that can be used to produce digestate

Source: the figure was created by the author based on the data of the State Statistics
Service of Ukraine and the Institute of Soil Science and Agrochemistry

For example, waste from agricultural enterprises, livestock complexes,
poultry farms, food and processing industries, and generally various types
of plant and animal waste are used for biogas production. First of all, this
applies to waste prone to the process of biodegradation. Today, biogas is
mainly produced by from by-products of vegetable and animal origin:
silage mass, beet pulp, liquid manure, chicken droppings with litter, etc.

Biogas obtained from biomass is used as a fuel that is not harmful to the
environment, as it does not cause additional emissions of the greenhouse
gas CO, and reduces the amount of organic waste. Unlike wind energy and
solar radiation, biogas can be obtained regardless of climatic and weather
conditions.Manure is the main organic fertilizer in all regions of Ukraine. It
is a mixture of solid and liquid secretions of agricultural animals (chicken
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droppings, manure of cattle and pigs), with bedding (solid fraction) and
without it (liquid manure). Straw, sawdust, etc. serve as litter. Manure has
all the useful elements that plants need.

The quality of manure may depend on the species of animals, the
composition of feed, the amount and quality of litter, the method of
accumulation and storage conditions (Table 1).

Table 1
Chemical composition of litter-free manure
of different types animals, %
Indexes medium Cattle Pigs Chickens
content

Dry matter 10,00 10,00 20,00
Organic substances 6,80 7,70 14,90
N 0,40 0,65 1,52
P 0,06 0,14 0,61
K 0,46 0,27 0,50
Ca 0,21 0,25 1,04
Mg 0,05 0,07 0,11
Na 0,06 0,08 0,12
pH 7.8 6,7 6.8

The collection and storage of organic fertilizers (bedding manure,
manure, bird droppings) takes place in special places: manure storage,
storage for bird droppings, sites to prevent the infiltration of biogenic
elements and toxic substances to the groundwater level. If the dry fraction
of manure contains more than 30%, it is stored in the sides, and to prevent
the evaporation of nutrients, they are covered with a film or a layer of straw.
Litter-free manure is collected in large quantities on farms and livestock
complexes.

7. Characteristic features of digestate obtained
after anaerobic fermentation of manure
Organic matter serves as a powerful energy material for soil
microorganisms, which is why its application in the soil activates nitrogen-
fixing and other microbiological processes. Tables 2 and 3 show the
chemical composition of biological fertilizers [30; 31; 32].

81



82

Ruslan Myalkovsky, Hanna Pantsyreva

Table 2
Chemical composition of biofertilizers
from the biogas plant. Solid fraction 75% moisture*, kg/t

Biofertilizer Chemical composition
(fermented mass) N NH,-N P,O, K,0 MgO
Pig manure 6,3 1,8 5,5 6,2 1,7
Bird droppings 17,1 3,4 10,5 8,6 473
Grass silage 3,2 1,1 1,5 4.4 0,7
Corn silage 3,1 1,2 1,2 4,1 0,9
Sugar beet tops 2,1 1,2 1,1 3,6 0,8
Grain waste 8,7 2,1 5,7 5,6 1,2
Rapeseed meal 5,3 - 3,5 5,4 32

The value of biological fertilizer also lies in the fact that when the manure
ripens, it gets rid of some of the nitrites and nitrates that are excessively
contained in the manure of birds and domestic animals. In the fermentation
process, they are fermented to ammonia and methane. Useful phosphorus,
potassium and nitrogen contained in the fermented mass remain completely
in biological fertilizers.

Table 3
Chemical composition of biofertilizers
from a biogas plant. Liquid fraction 95% humidity
Biofertilizer Chemical composition
(fermented mass) N NH,-N P,0; K,O MgO
Pig manure 3,3 2,3 2,4 2,3 0,9
Bird droppings 8,7 3,4 5,6 7,6 2,1
Grass silage 2,2 0,6 0,8 2,1 1,0

With traditional methods of preparation of organic fertilizers
(composting) nitrogen losses reach 30-40%. Fourfold processing of
anaerobic manure — compared to unfermented manure — increases the
content of ammonium nitrogen (20-40% of nitrogen is converted into
ammonium). As a result, compared to ordinary manure, in equivalent
doses, the yield increases by 10-20%. The high profitability of biogas
technologies is ensured by the simultaneous production of highly
effective organic fertilizers, 1 ton (due to the impact on agricultural crops)
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corresponds to 70-80 tons of natural waste from livestock and poultry
farming. Biosludge can be divided into two fractions: liquid and solid
with the help of screw separators. Both are fertilizers.

After processing by a biogas plant, biofertilizers have the following
advantages:

1. Absence of pathogenic microflora.

2. Maximum accumulation and preservation of nitrogen-containing
compounds.

3. Absence of weed seeds.

4. Lack of storage period.

5. Ecologically effective impact on the soil.

6. Resistance to leaching of useful elements from the soil.

Fermented materials improve the physical properties of the soil.

Mineral components are a source of energy and nutrition for
underground microorganisms, improve the assimilation of nutrients
by plants. This biological fertilizer contains many organic substances
that contribute to increasing the permeability of the soil and its
hygroscopicity, improve the general condition of the soil and prevent
the occurrence of erosion.

Biofertilizers are also the basis for the development of microorganisms.
With their help, nutrients are transformed into a form that is easily absorbed
by plants. Digestate accelerates seed germination, rapid plant survival, and
reduces stress during transplanting.

8. Effectiveness of using digestate in increasing soil fertility

Duetoincreased anthropogenic impactonsoils, they acquire therelevance
of methods that make it possible to detect signs in time anthropogenically
caused soil degradation of natural ecosystems and agroecosystems.
Recently, the active use of microbiological and biochemical methods of
biodiagnosis of anthropogenic disturbances in soils is associated with the
rapid reaction of microorganisms to any deviations from the norm in the
environment. Degradation phenomena in soils primarily affect biological
objects, in particular microorganisms, which leads to a decrease in
biological activity and, as a result, soil fertility. In addition, the physical,
physico-chemical and chemical characteristics on which soil diagnostics
are based are quite conservative and reflect changes in soil properties under
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the intense or prolonged action of negative anthropogenic factors, when
they become noticeable and even sometimes irreversible.

The most important role in maintaining the ecological balance in the
soil is played by the supply of humus, which is a nutrient medium for
microorganisms that stimulate plant nutrition and their growth processes.

The basis of natural humus is the remains of organic plant substances:
fractions that have decomposed the least, fractions that are still decomposing,
complex substances obtained as a result of hydrolysis and oxidation of organic
substances, which are the result of the viable activity of microorganisms.

Humus includes humic acids, fulvic acids and salts of these acids, as
well as humin. Humic has a significant specific surface (600-1000 m?/'g)
with a high adsorption capacity. After adding a small amount of humus to
the soil, compared to other fertilizers, not only the chemical composition
and qualitative physical and chemical characteristics of the soil changes,
but also the composition and structure of the microflora, which, in turn,
leads to a change microbiological regime in the soil, activating the
processes of transformation of matter and energy. As a result, metabolic
processes accelerate, new cycles of microflora development are included, in
particular, the activity of nitrogen-fixing bacteria increases.

Humic substances resulting from the decomposition of organic substances
actively participate in all important processes of soil formation and form its
fertility. The main indicator of soil humus is the content of organic matter, as it
significantly improves the physical, chemical and biological properties of the soil,
and contributes to fertility. The humic materials produced during fermentation
in the methane tank improve the physical properties of the soil: aeration, water
retention and soil infiltration, as well as the rate of cation exchange (Table 4).

When using humus, a significant increase can be achieved yield and its
quality. Wheat yields 15-20% more, corn — 20-30%, potatoes up to 30%,
sugar beet up to 20%.

Biohumus has many advantages:

1. Increases moisture resistance and moisture capacity.

2. Mechanical strength of granules.

3. Does not contain weed seeds.

4. Contributes to the development of a large number of various useful
microorganisms, the formation of antibiotics, enzymes.

5. Does not have a harmful effect on the soil.



Agro-ecological potential of soil cover of Vinnytsia region

Table 4
Normative indicators of humus for various organic of waste
(kg of humus in 1 ton of substrate)

Substrate Dry r.natter content, % !—Iumus content, kg

(in fresh mass) (in 1 t of fresh mass)
Fermented mass (liquid fraction) 4-10 6—-12
Fermented mass (solid fraction) 25-35 36-54
Filtration sludge 10-20 10-15

Source: [42]

In Ukraine and in Western countries, biohumus is divided into three
fractions. Each of them has its own function: the smallest is used for
"treatment" of plants, because it is easily absorbed by plants, promotes the
development of small roots; small — for feeding greenhouse and garden
crops (flowers, vegetables), large — in horticulture and crop production.
In many countries (Denmark, Germany, India, China) since the 1990s, a
number of tests have been conducted, the results of which show a significant
increase in yield when using digestate as fertilizer.

It was calculated that the use of biogas technology for the processing of
organic substances allows not only to completely eliminate the threat to the
environment, but also to obtain an additional 95 million tons of standard
fuel annually (about 60 billion m? of burning methane or biogas, 190 billion
kWh). and more than 140 million tons of highly effective fertilizers, which
would significantly reduce the extremely energy-intensive production of
mineral fertilizers (about 30% of all electricity consumed by agriculture)
and help avoid secondary soil acidification, which is often caused by
excessive application of nitrogen and phosphorus fertilizers.

9. Practical value

Our research confirms the real benefit and effectiveness of using digestate
from biogas plants in agriculture as a highly effective organic fertilizer.
After all, during the use of digestate, it was found that it is universal and
suitable for all soils, as well as for feeding all types of plants; increases the
content of organic matter (humus); improves the water and air conditions
of the soil; it can be made at any time; has neutral acidity and deacidifies
the soil; absence of pathogenic organisms; allows you to increase the
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yield, as it contains a complete set of necessary macro and microelements,
organic compounds that improve the soil structure, and humic acids; creates
prerequisites for the development of organic agricultural production and
increased income from the sale of products.

10. Conclusions

The process of complex processing of manure simultancously has
three advantages: obtaining energy from biogas, improving the ecological
situation around livestock farms, obtaining environmentally friendly and
agronomically effective fertilizers. The role of manure in agriculture is well
known, and its role as the main element of a proper fertilization system
did not decrease even when relatively large doses of mineral fertilizers
were applied. Thanks to them, traditionally, from 30 to 50% of the plants'
nutritional needs were met. An example of this is the developed countries
of Europe — Germany, Great Britain, and the Netherlands, which, along
with applying a significant amount of mineral fertilizers (350-800 kg/ha
per year), apply high rates of organic fertilizers of 26-75 tons per hectare
of arable land.

It should be noted that the use of biogas plants can reduce the
anthropogenic impact on the environment due to the processing of
agricultural waste and waste from other industries. As a raw material for
obtaining digestate, not only pig or cattle manure is used, but also straw,
dairy and forestry waste.

Currently, soils in Ukraine are subject to unjustified land reclamation,
improper and irrational use of chemical fertilizers and pesticides. The
greatest damage to land is caused by salinization, soil acidification, waste
pollution, wind and water erosion, drying, waterlogging, non-renewable
losses of humus.

To improve the condition of the soil and increase its fertility, the use of
fermented sludge is suggested. In its composition, digestate contains many
useful substances, such as calcium (1.0-2.3%), magnesium (0.3-0.7%),
sulfur (0.2-0.4%). Biofertilizer also contains trace elements, as well as
amino acids, hydrolysis enzymes, nucleic, humic and organic acids (fulvic
acids), monosaccharides, phytohormones (gibberillin, auxin, cytokenins),
B vitamins, some antibiotics and other biologically active substances.
Nitrogen is stored in ammonia (up to 50-75%) and organic form. Phosphorus
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occurs in the form of phosphates and nucleoproteins, and potassium in the
form of digestible salts (which ensures their better absorption by plants).
After the process of anaerobic fermentation, there is a much smaller number
of pathogens, larvae and worm eggs.
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Abstract. The applied monograph is designed to solve the current
problems of climate change, which is one of the most urgent threats
with a long-term negative impact on the population, the environment,
and the economy. The scientific work is aimed at forming the concept
of modernization of soil conservation and environmental safety, namely,
rational nature management at the expense of limited resource provision
due to climate change. Significant attention is paid to the impact of global
climate change on land resources, agriculture, forestry, water resources,
bioenergy and biodiversity. The implementation of the proposed
modernization system will be implemented based on the study of
international experience of adaptation to climate change and the possibility
of its application in Ukraine under martial law in a complex with the
provision of ecological and social effects, guaranteeing the reduction
of the impact of the degradation processes of the soil cover of Ukraine.
Methodology. The research methodology is based on experimental studies
of scientific topics on the topic: "Development of bio-organic technologies
for growing agricultural crops for the production of biofuels and ensuring
the energy independence of the agricultural sector". The expected results
of the research are aimed at achieving complex ecological, economic,
energy and social effects. The authors have considerable experience in
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reclamation measures taking into account the concepts of rational nature
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management, which ensure the optimization of land use, as well as the
biologicalization of agriculture. The scientific research of the authors has
been commercialized, in particular, contracts have been concluded for the
performance of research within the framework of farm contract and state
topics. Practical implications. Previous scientific work of the authors
includes: theoretical and practical research in the field of rational nature
management and increasing soil fertility, land resources, agriculture and
forestry, bioenergy and biodiversity. The state of modernization of the
ecological security system under the conditions of sustainable development
of rural areas was analyzed, priority directions of modernization of the
ecological security system were developed in the context of achieving
sustainable development of rural areas. The research will involve the
development of alternative farming systems in the direction of the
development of bio-organic technologies for growing agricultural crops
for the production of biofuels and ensuring the energy independence of
the agricultural sector, as well as the processing of products of the main
agricultural crops, in accordance with the directions of the Strategy for
Environmental Security and Adaptation to Climate Change until 2030.
Value/originality. The authors also researched system variants of bio-
organic technologies for growing the main agricultural crops used in EU
countries and Ukraine. The studies confirmed the presence of significant
problems, which led to the need for further scientific research and the
need to develop a strategy for environmental security of rural areas based
on sustainable development.

1. Introduction

The global trend of global warming and, as a result, climate change,
characterized by an increase in temperature and a decrease in precipitation.
Allthisleads to soil degradation from year to year—to the erosion, pollution,
acidification and salinization mentioned above. According to FAO data,
20% of Ukrainian agricultural lands have undergone significant
degradation, the rest are under threat. Ukrainian soils have lost about 30%
of humus over the past 130 years, and the level of plowing in Ukraine
is one of the highest in Europe — 53%. For comparison, in Poland this
indicator is 36%, in Germany 34%, in the USA 17%. According to NAAS
estimates, this situation leads to losses of about UAH 40 billion/year,
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and this became the impetus for Ukraine's accession to the Sustainable
Development Program. According to the State Statistics Service of
Ukraine, the structure of the soil cover of Ukraine is 24 million hectares,
and in addition, Ukraine has 8% of the world's chernozem reserves and
a high level of plowed soils. Fields contain different amounts of humus.
The content of humus in the soils of Ukraine varies from 0.8 to 6.5%.
The greatest decrease in soil fertility was noted in the eastern part and
in the north. These are Chernihiv, Sumy, Kharkiv, Donetsk, Luhansk,
Kirovohrad and Mykolaiv regions [1; 3—5; 12; 15; 25; 36-39].

2. Analysis of recent research and publications

The research will involve the development of alternative farming
systems in the direction of the development of bio-organic technologies
for growing agricultural crops for the production of biofuels and ensuring
the energy independence of the agricultural sector, as well as the
processing of products of the main agricultural crops, in accordance with
the directions of the Strategy for Environmental Security and Adaptation
to Climate Change until 2030.

Scientifically oriented aspects of the basics of global climate change, land
resources, agriculture, forestry, water resources, bioenergy and biodiversity
are highlighted in the works of Ukrainian and foreign scientists. Theoretical,
methodological, methodical and instrument provisions of soil conservation
and ecological safety of rational nature management of bioecosystems
Mazura V.A. aimed at greening agriculture at the expense of limited
resource provision due to climate change [21-38; 41-46; 50-56; 78].

Scientifically oriented aspects regarding the foundations of economic
and energy autonomy of agricultural enterprises, refusal to purchase mineral
fertilizers, additional profit, ecological effect, etc. were substantiated by
G.M. Kaletnik. etc. (2019).

On the basis of research carried out by Honcharuk 1. V. (2020) established
the provision of energy independence of agricultural enterprises and the
agricultural sector in general, ecological disposal of agricultural waste,
reduction of carbon dioxide emissions, increase in the yield of agricultural
crops, increase in soil fertility, reduction in soil acidity, reduction in the
cost of applying mineral fertilizers due to the introduction of digestate and
increase in profitability agricultural enterprises [2—8; 59—60].
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Tsytsiura Y.G. proves that biological agriculture can contribute to soil
conservation, especially for the cultivation of sideral crops. Amanpreet S.
and others. (2020) proposed models of organic crop rotations with elements
of biologization when they are saturated with leguminous crops, and also
made proposals for the comprehensive development of the field of organic
production. Nosheen, S. and others. (2021) summarized the results of using
biofertilizers of organic origin to preserve soil fertility [2—12; 37-39; 55].

Buchynskyi LE. believes that climate fluctuations are a common
phenomenon in nature, have a relatively orderly nature and occur in a
wave-like manner. It makes many people think that the climate is changing
"before our eyes". However, this is a fake climate change, it is only its
"regular" fluctuation, and not a stable change in one direction.

Chabanyuk Y.V. (2018) substantiates the results of the comparison of
correlation matrices of natural ecosystems, which demonstrated the formation
of specific soil properties under the action of abiotic and biotic factors. Using a
mathematical approach, it has been proven that chernozems are more stable,
compared to gray forest soils, which quite easily lose their fertility due to
anthropogenic influence, and also require ecologically stabilizing measures
and protection in the process of agricultural use) [6; 13; 14-21; 35; 70-72].

Issues in the field of organic and biological agriculture are covered in the
works of O. Demidenko and others. Experimental studies of Shkatula Yu.M.
it has been proven that the use of mineral nitrogen fertilizers, which is not
coordinated with the content of fresh organic matter in the soil, leads to the
destruction of the organic composition of soils, the consequence of which is
a decrease in their fertility. Atudorei D. developed models of crop rotations
with elements of biologization when they are saturated with leguminous
crops, and proposals were also made for the comprehensive development
of the field of grain production [1; 2; 14; 36; 49; 80-84].

The analysis of international and domestic scientific sources and
departmental materials shows the expediency of using biotesting
methods, with the use of representatives of systematic groups of different
ecosystems due to limited resource provision due to climate change.
Obtaining reproducible and comparable data for determining the priority
areas of modernization of the environmental safety system in the context
of achieving the sustainability of the development of rural areas with
the subsequent assessment of their risks is possible only by using the
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methods recommended by the Organization for Economic Cooperation
and Development (OECD), when performed in laboratories accredited in
accordance with the requirements ISO/IEC 17025 and GLP. These findings
will form the basis of guidelines for environmental testing in Ukraine
[22-28; 40; 42; 60—-67].

Studies show that the climate of Ukraine has already started to change
over the past decades (temperature and some other meteorological
parameters differ from the values of the climatic norm) and according to the
results of modeling, the air temperature will continue to rise for the territory
of Ukraine in the future (although the magnitude of the changes is slightly
different according to different forecast models ) and there will be a change
in the amount of precipitation during the year. This can lead to a shift in
climatic seasons, a change in the duration of the growing season, a decrease
in the duration of stable snow cover, and a change in the water resources of
the local runoff [7-15; 29-39].

3. Literature review

Scientific work affects several related fields of science, in particular
environmental, energy, economic, agricultural, balanced nature
management, which will further contribute to the development of relevant
fields of knowledge. Also, the implementation of the project is important
for the implementation of a number of legislative and regulatory acts
that will contribute to the development of the country, namely the Law
of Ukraine "On Environmental Impact Assessment", the Law of Ukraine
"On Alternative Fuels", the Law of Ukraine "On Combined Production
of Thermal and Electric Energy ( cogeneration) and use of waste energy
potential", of the State Regional Development Strategy for 2021-2027, of
the regional development program "New Ukrainian Village". The goals
of the project will be aimed at solving environmental, energy, economic
and social problems. Solving environmental problems by increasing
the efficiency of the use of land resources while maintaining the protein
balance and soil fertility. Along with that, in the conditions of climate
change, it will be necessary to form a single agricultural policy, which will
be implemented at the expense of informational and advisory work among
agricultural enterprises, farms, and households with the aim of forming a
nature-oriented and environmentally friendly worldview.
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In order to achieve the set goals, the implementation of the project
involves solving the following tasks:

—to determine the conceptual provisions of the process of modernization
of the system of soil conservation and ecological stability based on the
structure and requirements of environmentally safe sustainable development;

— to form a system of factors, criteria, indicators from the positions of
implementation of environmental modernization measures;

—to develop a system of stabilization of the structure of sown areas with
a normative share of agricultural crops with resource-possible application
of organic fertilizers of the new generation, the non-marketable part of the
crop, the mass of sideral crops;

— development of soil protection systems of tillage and implementation
of ecologically regulated system of protection of agricultural plants from
harmful organisms;

— to develop a technology for improving the agro-ecological condition
of the soils of rural areas through forestry management;

— to develop an information-analytical, science-based system of
environmental safety monitoring at the regional level and forecasting for
the long- and short-term perspective;

—to develop optimized and adapted systems of application of bio-organic
agrochemicals in the system of soil use based on mobilization agrochemical
approaches;

— to develop an algorithm for the implementation of the resource-
innovative strategy of environmentally safe sustainable development, which
will include the introduction of modern innovative industrial technologies
both on the basis of supporting the development of high-tech and medium-
tech industries, and stimulating the creation of new innovative poles of
development;

—to develop a partnership model of interaction of agricultural enterprises
in the production of biofuels to increase energy and economic independence.

Climate change refers to environmental risks that determine the
ecological safety of the environment and are considered as long-term
changes in meteorological elements (air temperature and humidity,
precipitation, wind speed, cloudiness, etc.), deviation of their parameters
from the climatic norm for a certain geographical latitude. This process is
primarily accompanied by a change in air temperature and precipitation.
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The signing of the UN Framework Convention on Climate Change by
representatives of 175 countries shows that climate change is a significant
threat to the environment and economic development [17-21; 35; 49-53].

Climate change is already happening and this process will intensify.
Therefore, regardless of whether a person is involved in this or not, it is
necessary to take measures to counteract these changes, to restrain the
rate of temperature increase in order to avoid dangerous and irreversible
consequences for the environment, economy and society in the future. It is
necessary to try to adjust (adapt) and minimize the negative effects of the
predicted climate changes, to use the benefits from them as effectively as
possible where possible [27].

On the territory of Ukraine over the past 100 years, the average annual
air temperature has increased by 0.7°C and the trend of its increase is
maintained. Ukraine is threatened by abnormal temperature conditions,
the transformation of steppes into deserts, a lack of drinking water, floods,
and strong winds. All this negatively affects the economic development,
environmental and national security of the state [77].

4. Conditions, objective and methods of research

The monograph has an interdisciplinary nature and is aimed at solving
the current problems of today, namely socio-ecological-economic scientific
research of integration processes and the development of technologies
for the formation and functioning of ecological systems in conditions of
sustainable development. The idea is to ensure the achievement of energy,
economic and ecological stability and the development of sustainable land
use while implementing a set of complementary components that provide
for the improvement of the formation of modern environmental policy and
the rational use of natural resources. Working hypotheses: development of
technologies for soil conservation and ecological stability of rural areas,
which provide for balanced management of natural ecosystems and forest
management while implementing climate change prevention and adaptation
measures (1); use of European experience in the development of organic,
ecologically adapted technologies for growing agricultural crops on the
basis of effective environmental protection in order to adapt to the natural
and climatic potential of Ukraine (2); increasing the productivity of growing
agricultural crops on the basis of a bioadaptive approach to the realization
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of genetic potential while simultaneously preserving soil fertility and
stabilizing soil-accumulating processes using natural processes of their
provision and the formation of a deficit-free balance of organic matter
in soils, which will guarantee their constant productivity and ecological
sustainability (3); development of technological measures of adaptation
to climate change and risk reduction for the spheres of health care,
people's livelihoods, sectors of the economy and natural ecosystems (4);
the system of the latest approaches to the organization of rural areas and
forest management, regarding the placement of remedial forest plantations
to obtain the maximum protective and ecological effect (5); application
of biofertilizers in order to increase soil fertility, change their acidity,
dispose of agricultural waste and reduce costs for the purchase of mineral
fertilizers (6); the formation of an environmental security strategy through
the environmentalization of agricultural production in the face of changing
climatic conditions, pollution of water resources, air and soil contributed
to the creation of alternative and sustainable ways of meeting the growing
energy needs under ecological stability and sustainable development of
rural areas (7).

The purpose of the research is to form a strategy for the ecological stability
of rural areas based on the development of a methodology for the analysis
and evaluation of the processes of modernization of the soil conservation
system and ecological stability of sustainable development, which includes
general, specific and auxiliary indicators and indicators that characterize
the state of the environment and the level of anthropogenic load on its
individual components. as well as introduced modernization measures. The
study of domestic and foreign experience in the creation and organization
of eco-friendly reproduction of the fertility of agricultural lands, sustainable
development of the branches of agriculture, balance and optimization of
a rational combination of the branches of crop production. To assess the
competitiveness of the products of commodity branches of agriculture
through the creation of production and service cooperatives, clusters and
associations in the conditions of the organization of ecological production
in the branches of agriculture and processing industry. Development and
transfer of innovative projects for the production of organic food products
and alternative types of renewable energy in the multifunctional development
of rural areas due to the rational use of natural and forest resources under
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the organization of cross-border cooperation, in particular the market for
innovations, labor, products and services. To develop new competitive bio-
organic technologies for growing agricultural crops, which provide for the
development of regulations for the use of a complex of alternative types of
fertilizers for their cultivation in terms of short-term and long-term action,
a basic superstructure of the factor assessment of the block of soil fertility
conditions, hydrothermal conditions of the territory, resource provision of
enterprises in view of climate changes.

To achieve the goal, the following tasks are expected to be solved: the
development of a new bio-organic technology for growing agricultural
crops on the basis of soil conservation and sustainable development and
food security (1); development of effective technologies for the application
of various options for biofertilization of agricultural crops while preserving
soil fertility and increasing yield (2); development of technological
parameters for reducing the resource and energy intensity of technologies for
reproducing soil fertility and ensuring stable, highly productive production
of high-quality forestry products (3); development of models of energy-
saving, soil-protecting tillage systems, frugal involvement in the biological
cycle of biogenic elements of industrial origin with rational use of plant and
animal husbandry waste for fertilizer (4); practical implementation, which
involves production verification of the proven new bio-organic technology
for growing agricultural crops, informational and advisory practice with
the involvement of a network of agricultural formations of various forms
of ownership with further promotion and production implementation (5).

5. Adapting to climate change in green post-war reconstruction

While Russia continues the war in Ukraine, it is difficult to think about
climate change. However, even if the war ends today and greenhouse
gas emissions are reduced to zero tomorrow, the climate will continue to
change and must be adapted to. Adaptation to climate change refers to the
adaptation of natural or human systems (such as forests, rivers, cities and
even individual streets) to the potential or actual impact of climate change.
If you don't adapt, children will play on playgrounds in the summer, the
surface of which heats up to almost 60°C, people with weak cardiovascular
systems will faint from the heat, and trees will fall on cars and power lines
from gale force winds [34].
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The research will involve the development of alternative farming
systems in the direction of the development of bio-organic technologies for
growing agricultural crops for the production of biofuels and ensuring the
energy independence of the agricultural sector, as well as the processing of
products of the main agricultural crops, in accordance with the directions of
the Strategy for Environmental Security and Adaptation to Climate Change
until 2030.

According to the study, 1 dollar invested in adaptation will help prevent
the expenditure of 6 dollars in liquidation of the consequences of natural
disasters. That is, adapting to climate change is much cheaper than dealing
with the consequences. For Ukraine, this issue is currently very relevant.
The fight against the consequences of climate change already costs Ukraine
millions of hryvnias every year, and in 2020, 2,689 million hryvnias were
allocated from the State Budget of Ukraine. For the prevention and liquidation
of emergency situations is more than, for example, the annual budget of the
entire Vinnytsia city united territorial community [24; 35; 67; 69; 73].

Adaptation will mitigate their impact on people's lives and nature.
This is no less relevant for the regions that suffered as a result of Russian
aggression, and now must look for ways to restore normal life, taking into
account, in particular, the challenges associated with the environment.
Taking into account the principles of environmental protection in
reconstruction formed the basis of the concept of Green Reconstruction of
Ukraine. In particular, these principles emphasize the need to implement
the Strategy for Environmental Security and Adaptation to Climate Change,
which was adopted in 2021. Adaptation is also listed as one of the priority
directions in the ecological security section of the Recovery Plan of Ukraine
[12—14; 31-45; 68—69; 74].

Each region is unique in its microclimate, landscape and geographical
location. Therefore, the necessary adaptation measures for each of the
communities will depend on their vulnerability to various manifestations
of climate change: an increase in the duration of droughts, heat waves,
gale-force winds, rising sea levels, severe frosts and snowfalls, abnormal
downpours and floods, etc. In order to be ready for these challenges, the
local authorities, together with the community, should identify individual
vulnerable zones for each settlement and, based on the received information,
develop an adaptation plan.
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In Ukraine, according to the Ministry of Environmental Protection and
Natural Resources of Ukraine, the average annual temperature has increased
by more than 2°C since the beginning of the 20th century, including 1.2°C
over the past 30 years (Figure 1).
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Figure 1. Average annual temperature in Ukraine

Source: according to the Ministry of Environmental Protection and Natural Resources
of Ukraine

In recent years, the frequency of days with maximum summer
temperatures above 35 and 40°C, which belongs to extreme weather
phenomena, has almost doubled. In the greater part of Ukraine, there is
already a trend towards increased droughts, an increase in the number
and duration of hot periods and an increase in fire danger, the frequency
and intensity of thunderstorms, heavy downpours, hail, and squalls have
increased. Climate change on the territory of Ukraine increases risks for the
health of the population, ecosystems, water and forest resources, sustainable
functioning of the energy infrastructure and the agro-industrial complex,
which can cause and is already causing colossal losses [24; 35].

UN data show that climate change will have devastating consequences
for people living in poverty. Even under the best scenario, hundreds of
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millions of people will face threats to food security, forced migration,
disease and death. And in the conditions of war, the number increases
many times. In the future, climate change threatens human rights and
the progress made in development, global health and poverty reduction
over the past fifty years. The continuation of such a process will be
detrimental to the world economy and will lead to a significant spread
of poverty.

6. The current state and consequences of climate change.
Land resources, agriculture, forestry

One of the important environmental problems of the 21st century is the
change of the global climate. Climate change for agriculture in Ukraine
is caused, first of all, by global warming, the direct consequence of which
is droughts, which negatively affect the yield of agricultural crops, since
the weather component of the harvest in our country is more than 50%
[7;24-28; 35; 67-68].

Therefore, the most important task of land users is the search and
implementation of effective techniques for accumulation and rational use
of available moisture reserves in the soil. In the modern world, agriculture
remains a key branch of the economy, ensuring food security and the
production of important types of raw materials. But it is a significant
source of greenhouse gases. Therefore, there is a need to modernize
existing models of agricultural production and improve methods of
managing agricultural systems taking into account climate change.
The fifth assessment report of the Intergovernmental Panel on Climate
Change demonstrates the urgent need for substantial and sustainable
decarbonization and climate change adaptation measures in the area of
food security. Forecast estimates given in the Report demonstrate the
negative impact of climate change on the yield of agricultural crops. In
particular, in regions with a tropical and temperate climate, an increase
in temperature by 2°C without adaptation to it will negatively affect the
yield of wheat, corn, soybeans, and rice, although in some regions it will
have positive consequences. An increase in the global temperature by
4°C, which will be accompanied by a reduction in the volume of water
resources and an increase in competition for them, will become a risk
factor for food security on a global scale [70].
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The general conclusions for Ukraine regarding climate change according
to the four scenarios of Representative Concentration Pathways (RCP) are
as follows:

— temperature increase is expected throughout Ukraine: about 1.65°C
(Steppe) and 1.74°C (Forest Steppe) for the RCP 4.5 scenario and between
2.68°C (mixed forest zone) and 2.98°C ( Step) for the RCP 8.5 scenario;

— climate change will not significantly affect the level of precipitation.
Under the RCP 4.5 scenario, the change in precipitation will vary from
13 mm in the Steppe zone to 55 mm in the Forest Steppe. The changes
will be more noticeable under the conditions of the RCP 8.5 scenario —
more than 80 mm in the zone of mixed forests and less than 13 mm in the
Steppe zone;

— the largest reduction in production by 2070 due to climate change
is possible in the Steppe zone: a probable reduction in wheat production
by 11% for the RCP 4.5 scenario and 18% for the RCP 8.5 scenario.
Currently, the agricultural sector of Ukraine is not extremely vulnerable
to climate change.

However, changes in weather conditions (increased air temperature,
uneven distribution of precipitation, which has a torrential nature in the
warm period, ineffective accumulation of moisture in the soil) lead to an
increase in the number and intensity of drought events. Together with other
negative factors of anthropogenic influence, this can lead to the expansion
of the zone of risky agriculture and to desertification in the southern
regions of Ukraine. As a result of intense warming in recent decades, there
have been changes in the structure of agricultural production, the area of
field crops and their yield level.

The data show that the Steppe zone, in which 46% of the grain crops
are concentrated, now provides only 35% of the total grain production,
compared to 45% in 1990. The average grain yield in this zone over the
past five years, despite its growth at 21% on a national scale, decreased
from 35.8 t/ha in 1990 to 32.2 t/ha in 2013-2017. In Polissia and the Forest
Steppe, an increase in yield was recorded from 30-37 t/ha to 48-53 c/ha
Thanks to this, 65% of grain is produced in these zones, although the share
of crops of this group of crops here is only 53%.

In addition to the significant territorial redistribution of the structure of
agricultural crops, uneven dynamics and growth rates of their productivity
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are noted. Thus, compared to 1990, the average yield of grain and leguminous
crops in the Forest Steppe and Polissia increased by 46— 61%, while in the
Steppe it decreased by 10%. A similar situation can be observed in relation
to the change in the level of productivity of the rest of the main crops. In
general, the overall increase in grain and leguminous yields in Ukraine was
due to the more moisture-provided regions of the state, the Forest-Steppe
and especially Polissia.
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Figure 2. Change in the structure of crops and production
of the main agricultural crops, % of the total for the country

In the conditions of climate change, the level and conditions of
moisture in the territory of the state is the leading factor limiting the
level of production productivity and the use of the natural potential of
agriculture. In order to mitigate the negative processes of climate change
on agricultural production, it is necessary to implement the objectives of
the Irrigation and Drainage Strategy in Ukraine for the period until 2030.
Recurrence of droughts in different agro-climatic zones is 20-40%. Over
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the past 20 years, droughts have recurred almost twice as often. There is
a dangerous tendency to increase the recurrence of dry conditions in the
zone of sufficient atmospheric moisture, covering Polissia and the northern
regions of the Forest Steppe.

According to the fifth information report on climate change in Ukraine,
favorable conditions are expected for the intensive development of dairy
cattle breeding and pig breeding in the western Polissia and the right-bank
forest-steppe, and meat cattle breeding in the Steppe and western regions
of Polissia.

Therefore, from the point of view of increasing agricultural productivity,
climate change has both positive and negative consequences. The positives
include: improvement of conditions and shortening of harvest times; the
possibility of effective introduction of late-ripening varieties (hybrids),
which require more thermal resources; improvement of overwintering
conditions of agricultural crops and perennial grasses; increasing the
efficiency of fertilizer application. The negative ones include: deterioration
of grain quality due to an increase in the concentration of carbon dioxide
in the air; more frequent and stronger droughts during the growing season;
acceleration of humus decomposition in soils; deterioration of soil moisture
in the southern regions; failure to ensure complete vernalization of cereals;
an increase in the number of pests, the spread of pathogens of plant diseases
and weeds due to favorable conditions for their overwintering; the increase
in wind and water erosion of the soil, caused by the increase in the number
of droughts and extreme precipitation; an increase in the risk of freezing of
winter crops due to the lack of stable snow cover with a significant decrease
in temperature.

Manifestations of climate change, which are critical for the agricultural
sector, also affect forestry, changing the optimal indicators of ecological
conditions for forest ecosystems. Thus, the increase in summer extreme
temperatures threatens the disappearance of certain species and the
appearance of new (including invasive) species, which will affect the
species composition and reduce the area of forests. In particular, the study
provides the following forecasts for the main forest-forming species:

— common oak — until the end of the 21st century, favorable conditions
for the growth of oak will remain only in the west — in the Carpathians and
foothills, and satisfactory — in the Lviv region, in the rest of the territory of
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the modern zone of mixed broad-leaved forests, the conditions for oak will
be unsatisfactory and even extreme;

— European spruce — there will be an even further narrowing of the zone
of suitable conditions for this species, in fact there will be no favorable
conditions for its growth in Ukraine;

— Scots pine — conditions suitable for pine growth (mostly extreme and
unsatisfactory) will remain only in the west and on a small area in the north,
which will lead to a significant deterioration of the state of pine forests in
Ukraine;

— forest beech — conditions suitable for beech growth will be found only
in the Carpathians and foothills;

— hanging birch, black alder — there will gradually be a narrowing and
displacement of zones with conditions suitable for the growth of these
species (especially birch). Conditions optimal for alder and suboptimal for
birch will remain only in Transcarpathia (Dniester basin).

7. Vulnerability assessment of the city of Vinnytsia

Vinnytsia is the administrative center of Vinnytsia Oblast, located in
the right-bank part of Ukraine within the Podilsk Highlands (Figure 3).
The geographical location of the city contributes to the formation of a
temperate continental climate on its territory. Vinnytsia occupies an area of
113 km? and has a population of 371 thousand people. The city on the banks
of the Southern Bug, the administrative center of the region and the modern
cultural and economic center of Ukraine. A large number of green areas,
park areas, architectural monuments, hotels, shopping centers, themed pubs
and restaurants — all this is here in sufficient quantity for even the most
demanding tourists. We can say with full confidence that Vinnytsia is quite
legitimately considered a real pearl of Podillia, combining comfort and a
unique atmosphere of a city that carefully preserves its history and skilfully
uses modern opportunities.

Despite the participation of relevant specialists, the assessment results
can serve as a pilot illustration showing the procedure for applying
the methodology and cannot be the only basis for developing a plan of
adaptation measures for these cities. A comprehensive assessment of the
city's vulnerability to climate change using the proposed methodology
requires the presence of a working group of specialists and thorough
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Figure 3. Location of Vinnytsia on the map of Ukraine

preliminary work of its representatives with the necessary statistical
information. However, even a cursory assessment by a specialist of seven
groups of indicators allows to see the vulnerable elements of the urban
ecosystem and can be the basis for priority adaptation measures.

Research results indicate that the climate of Vinnytsia [6; 7], as
well as the whole of Ukraine, has already begun to change. According
to forecasts, the changes will continue in the future, which may
cause significant negative consequences for the nature, population
and infrastructure of the city. Table 1 presents the results of this
assessment. The description of vulnerability indicators is presented in
descending order — from the most vulnerable to the least vulnerable
group. Recommendations for increasing Vinnytsia's resilience to
climatic manifestations are also presented. The city of Vinnytsia is most
vulnerable to flooding (16 points) and to natural hydrometeorological
phenomena (14 points). The reason for this is the presence of large water
bodies on the territory of the city, the shallowness of groundwater, as
well as the wear and tear of the sewage and stormwater systems.

The climate of Vinnytsia is temperate-continental with mild summers,
mild winters and a sufficient amount of precipitation (within 550 mm).
The most precipitation falls in summer (almost 75%), the least in winter.
In summer, there are frequent showers, thunderstorms, sometimes hail.
Winds are typical for all seasons, especially for summer. The snow cover is
available on the territory of the city from the second half of December to the
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Table 1
Vulnerability assessment of the city of Vinnytsia
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2 2 2 1 2 0 4 4
3 1 1 1 2 0 2 2
4 1 2 1 4 0 0 0
5 0 2 0 2 0 4 2
6 0 0 0 - 1 - -
7 0 1 0 2 - -
8 1 2 0 - 1 - -
9 0 2 0 - 1 - -
10 0 2 1 - 1 - -
11 0 1 0 - 1 - -
12 0 1 1 - 0 - -
In total 7 16 6 14 8 10 10

beginning of March, its height is 8-10 cm. The annual humidity coefficient
is 0.92. The thermal regime is characterized by features of continentality
(a change in the large amplitude of temperature fluctuations between
winter and summer, which for Ternopil is 23-24°C). The average
temperature of the warmest month (July) is +18...+19°C, and the coldest
(January) is -4.5...-5°C. The invasion of continental air masses leads to
significant temperature fluctuations: in summer up to +37°C, in winter up to
-34°C. The duration of the frost-free period is 150-165 days. The vegetation
period of plants is 205-209 days, the period of active vegetation is from the
first decade of April to the end of October.

Many weather-related risks in the city will intensify as climate change
intensifies, however, if a plan of measures for the adaptation of the city
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(taking into account the characteristics of the city and expected climate
changes) is developed and implemented responsibly, then the expected
consequences can be mitigated and somewhat minimize. That is why
it is important to take into account the results of the assessment of the
vulnerability of cities to the consequences of climate change during the
preparation of the General Development Plans of the cities of Ukraine and
local plans of adaptation measures to climate change.

Based on the modeling of climate change processes carried out by
climatologists of the Cambridge Group from different countries of the world
under the auspices of the UN FAO, a further increase in air temperature in
the range of 2 to 6°C in the period up to 2100 is predicted. Such an increase
in temperature and concentration of CO, in the air will have a direct impact
on the Earth's biosphere, in particular on the productivity of the agro-
industrial complex, yield and quality of agricultural crops. The negative
climate changes in the near term include an increase in air temperature,
increased effect of droughts, reduction of snow cover, violation of uniformity
the arrival of atmospheric precipitation, which in the complex leads to the
activation of erosion processes and soil degradation.

The greatest increase in temperatures occurred in the winter
period — December and January by 1.9 and 2.0°C, respectively. In the
summer months — in June and August, the temperature increased by 1.5 and
1.6°C, respectively. The transition from winter to spring also accelerated,
with the temperature rising in March by 1.4°C and in April by 1.1°C.

The increase in air temperature during this period led to an increase in
heat input during the growing season. Thus, the sum of positive temperatures
during this period increased by 736°, and effective temperatures above 5°C —
by 673° C. This growth was especially noticeable in the last 10-12 years.

Strategy of adaptation of crop production to climate changes involves
a scientifically based selection of crops suitable for cultivation both under
favorable conditions of moisture supply and capable of withstanding
moisture deficits and reacting less to drought.

The optimal parameters of these indicators have been determined for
hybrids of different maturity groups. Another group of measures aimed at
reducing the risk of regional climate changes should include the following:

— optimization of the specific weight of black steam in individual areas
of the region;
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— development and implementation of resource-saving, ecologically
safe and soil-protecting methods of watering agricultural crops for reducing
the dependence of productivity of the plant industry on the influence of
adverse weather conditions;

— improvement of soil properties for better moisture accumulation;

—restoration of forest protection strips in order to prevent soil degradation
and land desertification;

—development of innovative technologies for growing agricultural crops
aimed at accumulation and economical use natural moisture.

8. Climate modeling of the city of Vinnytsia

Studies of the climate of Ukraine show that during the last ten years
the temperature and some other meteorological parameters differ from
the values of the climatic norm (1960-1990). The average annual air
temperature over the past twenty years (1991-2010) has increased by
0.8°C relative to this indicator, there has been a redistribution of the
amount of precipitation by regions of Ukraine and by seasons (although
in general the amount of precipitation has remained practically unchanged
during the year) and an increase in the amount the manifestation of
individual storms (very heavy rain, strong wind, very heavy snowfall,
heavy fog, etc.), as well as the occurrence of heat waves became more
frequent during the last decade.

Climate modeling for the territory of Ukraine indicates that the increase
in air temperature in general will continue. A further change in the amount
of precipitation during the year will lead to a shift in the climatic seasons,
a change in the length of the growing season, a decrease in the duration
of the permanent snow cover, a change in the water resources of the local
runoff, etc. The consequences of climate change, manifested in the urban
environment, cause a negative impact on it.

The concentration of a significant number of people in cities, the
peculiarities of the local microclimate, which may exacerbate some of
the negative consequences of climate change, a change in the dominant
supporting surfaces of the city, high-rise buildings, the presence of a
network of urban transport and a well-developed infrastructure (which
may suffer damage from the negative impact of climate change and
cause significant discomfort for the city's population) makes the city
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significantly more vulnerable to the manifestations of climate change
compared to other territories.

The main potential negative consequences of climate change that can
manifest in cities include: heat stress; flooding; reduction of areas and
disturbance of the species composition of urban green zones; spontancous
hydrometeorological phenomena; decrease in the quantity and deterioration
of the quality of drinking water; increase in the number of infectious
diseases and allergic manifestations; disruption of the normal functioning
of the city's energy systems. In order to assess the vulnerability of cities to
the negative consequences of climate change, we have developed seven
groups of indicators, with the help of which it is possible to determine the
most dangerous consequences of climate change for the city and establish
for which of these consequences it is necessary to develop adaptation
measures, for which it is desirable and for which it is unnecessary.

Groups of indicators were tested to assess the vulnerability of the city
of Vinnytsia, which is located in the center of Ukraine. To facilitate the
preparation of the city's adaptation plan, a list of adaptation measures (by
individual consequences) has been drawn up and the main principles of its
preparation have been defined:

1. Adaptation to climate change in the city requires a comprehensive
approach and implementation of measures at different levels.

2. During the formation of the city-wide plan for adaptation of the city
to climate change, it should be noted that there are measures that help to
mitigate several negative consequences of climate change at once, therefore,
their implementation will be the most effective for the adaptation of the city.

3. If the plan is developed by industry or by negative consequences, it
should be carefully analyzed to see if there are any measures that contradict
each other.

4. For certain negative consequences of climate change, it is important
to develop a system of monitoring/early warning of the population/risk
management — this will make it possible to at least partially minimize the
damages caused by meteorological factors;

5. One of the important organizational tasks during the development of
city adaptation measures is the implementation of a powerful information
campaign aimed at different target audiences (from the youngest residents
of the city to the oldest).
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9. Practical value and conclusions

Global climate change has become one of the most urgent
environmental problems to which humanity's attention is focused.
Its consequences are dangerous weather cataclysms, sudden weather
changes, floods, floods, strong winds, showers and rains, hail, droughts,
which lead to significant ecological and economic losses all over the
world. According to the World Meteorological Organization, the last
three years have been the three warmest years on record. Increasing
unpredictability of weather conditions threatens food production, rising
sea levels increases the risk of natural disasters. Adaptation to global
climate change is the process of adaptation in natural or human systems
inresponse to actual or expected climatic impacts, which will reduce their
negative consequences and take advantage of favorable opportunities.
The humanitarian and environmental consequences of climate change
and the pattern of extreme weather are likely to be significant. Globally,
more and more people are expressing concern about the potential
negative impacts of climate change on society and the economy, which
could harm sectors ranging from agriculture to water resources. The
worst impacts of climate change are likely to fall disproportionately on
the poorest and most vulnerable, who already have few resources to
evacuate in the event of a disaster and are ill-prepared to deal with the
new challenges of climate change.
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Abstract. An urgent problem for Ukraine is the preservation of
bio-ecosystems and the balanced development of agriculture based on
the principles of energy, food and environmental security. It has been
proven that soil cover is one of the main components of the environment,
which performs vital biosphere functions. It has been established that
soil and plant cover in nature form a single system. The loss of soil
fertility, its degradation deprives plants of the ecological foundations
of their existence. Therefore, the restoration of the fertility of degraded
soils is the restoration of the natural ecological balance of territories
disturbed by humans as a result of irrational economic activity. Soils
regulate the quality of surface and underground waters, the composition
of atmospheric air, are the habitat of most living organisms on the land
surface, provide a favorable environment for humans, and are the main
source of agricultural production. Therefore, the most important condition
for the preservation of the biosphere, normal plant cover and productivity
of agriculture is constant care for the protection of the soil, its structure
and properties, implementation of a system of measures to increase
fertility. Unfortunately, due attention is not paid to the problem of soil
condition monitoring in Ukraine. This applies to the scientific field, where
due to insufficient funding, full-fledged studies of the spread, causes of
occurrence and ways to eliminate degradation are not conducted. The same
applies to the legislative and executive authorities, where effective control
measures have not been developed. In general, society has not created an
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atmosphere of maximum support for the preservation of soil cover as an
irreplaceable national asset. Mass media and educational institutions are
indifferent to this problem. Organic substances of the soil, as an integrated
indicator of its fertility, take an active part in the nutrition of plants, the
creation of favorable physicochemical properties, the migration of various
chemical elements in it, because the most important soil processes are
primarily related to organic compounds. Purpose study is to provide an
objective analysis and identify the reasons for the unsatisfactory state
of the country's soil cover and, on this basis, to formulate proposals
for their solution. Methodology. The research methodology is based on
experimental studies of scientific topics on the topic: "Development of
bio-organic technologies for growing agricultural crops for the production
of biofuels and ensuring the energy independence of the agricultural
sector". Result. In Ukraine, depending on the region, up to 30-60% of land
is located on slopes. Deteriorated conditions of soil formation on them as
a result of the accumulation of the water regime are reflected both in the
formation of different soil profile parameters, and in a significant — by
15-50%, depending on the degree of xeromorphism, in a decrease in their
fertility. In addition, they are characterized by the episodic development
of erosion, confined to the natural microrelief drainage network in the
form of drainage papillae. The reorganization of land management in the
course of the land reform led to an increase in the number of borders,
roads, etc., as artificial boundaries in the way of the natural discharge
of surface runoff, which causes increased water erosion. The practical
value of the obtained results lies in the fact that their application should
contribute to increasing the efficiency and effectiveness of sustainable soil
management, primarily at the national level, and to achieving a neutral
level of degradation by the content of organic carbon in the soil. It was
established that the use of digestate as biofertilizer is an economically
and ecologically appropriate method of handling the fermented residue.
This, in turn, brings numerous advantages, in particular, it reduces the
demand for plant protection products (destruction of weed seeds during
fermentation), reduces unpleasant odors or destroys possible pathogens,
preserves valuable moisture in the soil, allows you to abandon mineral
fertilizers, etc.
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1. Introduction

The previous scientific work of the authors includes: theoretical and
practical research in the field of rational nature management and soil
fertility improvement, the state of modernization of the ecological security
system under the conditions of sustainable development was analyzed, the
world experience of environmentally safe sustainable development of rural
areas, priority directions for the modernization of the ecological security
system in the context of achieving sustainable development were developed
rural areas. The authors also researched system variants of bio-organic
technologies for growing the main leguminous crops used in EU countries
and Ukraine. A marketing analysis of the production and use of alternative
energy sources at regional levels was conducted. The studies confirmed the
presence of significant problems, which led to the need for further scientific
research and the need to develop a strategy for environmental security of
rural areas based on sustainable development [13—15; 32-33; 41-45; 65].

Soil cover is one of the main components of the environment, which
performs vital biospheric functions. Soil and plant cover in nature form a
single system. The loss of soil fertility, its degradation deprives plants of
the ecological foundations of their existence. Therefore, the restoration of
the fertility of degraded soils is the restoration of the natural ecological
balance of territories disturbed by humans as a result of irrational economic
activity [1; 6; 36; 43].

Soils regulate the quality of surface and underground waters, the
composition of atmospheric air, are the habitat of most living organisms
on the land surface, provide a favorable environment for humans, and
are the main source of agricultural production. Therefore, the most
important condition for the preservation of the biosphere, normal plant
cover and productivity of agriculture is constant care for the protection
of the soil, its structure and properties, implementation of a system
of measures to increase fertility. Many countries — such as the USA,
Germany, France, Canada, China — have already come to understand that
the protection of soils, the fight against their degradation and pollution
can be effectively carried out only at the state level. The key principle
of foreign legislation is the inadmissibility of such action on the soil,
which leads to deterioration of its quality, to degradation, pollution and
destruction [21-24; 54; 65].
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The decisions of the World Conference on Environment and
Development (1992, Rio de Janeiro) determined that the protection and
rational use of soils should become the central link of state policy, since
the state of the soil determines the nature of human life and has a decisive
effect on the environment. Therefore, soil protection should be a priority
task for our state [10—12; 25-26].

The soils of Ukraine have been studied quite well, but this did not
prevent the intensive development of their degradation processes. About a
third of the arable land has been eroded, about 20% of organic matter has
been lost, almost all the arable land in the subsoil layer has been compacted,
the reserves of nutrient forms of phosphorus and especially potassium are
noticeably decreasing, numerous troubles are observed on reclaimed lands
[30; 51-53; 63].

The main causes of all kinds of problems with the soil cover are
underestimation of the real threat that soil degradation poses to the present
and especially future generations, the lack of effective mechanisms for the
implementation of laws on soil protection, unbalanced and scientifically
unfounded land use [33; 47]. The main reason for the aggravation of the
problem in Ukraine is the suspension (actually since 1991) of state and
regional programs land protection. Unfortunately, due attention is not paid
to the problem of soil condition monitoring in Ukraine. This applies to the
scientific field, where due to insufficient funding, full-fledged studies of
the spread, causes of occurrence and ways to eliminate degradation are not
conducted. The same applies to the legislative and executive authorities,
where effective control measures have not been developed. In general,
society has not created an atmosphere of maximum support for the
preservation of soil cover as an irreplaceable national asset. Mass media
and educational institutions are indifferent to this problem.

2. Task and purpose of monographic research
Ukraine has ambitions to become a leading agrarian state with a large
export potential of agricultural products. And there are many favorable
conditions for this, but many problems must be solved before that. In
particular:
—to ensure the rational use and preservation of soils as the most important
component of the natural environment;
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— to ensure the use of soil protection technologies and other
measures to eliminate soil pollution and degradation during economic
and other types of activities;

— ensure constant soil monitoring and agrochemical certification of
agricultural land;

— detect negative changes in the state of the soil in a timely manner and
necessarily take measures to restoration of degraded soils;

— to ensure the scientific validity of soil protection measures;

— to ensure transparency, completeness and reliability of information
about the state of the soil, about volumes of applied soil protection measures;

— to ensure public participation in decision-making in the field of soil
protection;

— the inevitability of responsibility for damage caused to the soil.

The purpose of the monographic study is to provide an objective analysis
and identify the reasons for the unsatisfactory state of the country's soil
cover and, on this basis, to formulate proposals for their solution.

3. General characteristics of soil cover

The basis of sustainable and efficient agricultural production is the
rational use of soil resources. The agricultural sector of the economy uses
71% of the total land area of Ukraine, including arable land — more than
32.4 million hectares. A variety of climatic, orographic, lithogranulometric
and other environmental factors determined the formation of a variegated
soil cover. More than 800 types of soils were identified based on the
materials of large-scale research conducted in 1957-1961.

The soil cover of Ukraine is characterized by significant genetic
heterogeneity (Table 1).

Turf-podzolic soils of a light granulometric composition are the
background for the Polissia zone. They are characterized by a slight
accumulation of humus, a weak saturation with bases and an acidic reaction
of the soil solution.

Sod glaciated soils lie on low, poorly drained areas and are characterized
by increased accumulation of humus in the upper horizon — 2.0-5.0%
depending on the granulometric composition, and signs of glaciation
in the profile due to stagnation of groundwater. Sod-carbonate soils are
characterized by a profile developed up to 50-60 cm, mainly by a neutral
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Table 1
General characteristics of soil cover of Ukraine
. Area, thousand ha
Soil -

agricultural land arable
Sod-podzolic 2511,2 2209,9
Turf is glazed 1674,2 691
Turf-carbonate 146.,9 137,8
Gray forest 2620,5 1985,6
Dark gray gilded 1952,0 1867,7
Black soil:
gilded 2200,1 2048,0
typical 7346,8 6997,8
usual 9250,0 7962,9
southern 3257,5 2993
others 28442 1579,6
Dark chestnut salted 1194,5 1090,3
Chestnut salted 100,9 79,8
Burozem is acidic 307,3 85,0
Brown soil-podzolic acid gleyed 105,8 44,8
Meadow-brown soil acid gleyed 104,4 39,3
Brown 29,1 7,6
Meadow black soil and meadow 2996,0 935,7
Meadow-chestnut saline 94,0 112,7
Meadow-swamp and swamp 729,7 115,4
Peatlands 595,8 100,8
others 1564,9 1387,9
Total 41625,8 324734

reaction of the soil environment — pH-water. 6.7-7.5, significant humus
accumulation — 2.2-3.7% depending on the content of physical clay.

In Ukraine, depending on the region, up to 30-60% of land is located
on slopes. Deteriorated conditions of soil formation on them as a result of
the accumulation of the water regime are reflected both in the formation
of different soil profile parameters, and in a significant — by 15-50%,
depending on the degree of xeromorphism, in a decrease in their fertility.
In addition, they are characterized by the episodic development of
erosion, confined to the natural microrelief drainage network in the form
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of drainage papillae. The reorganization of land management in the course
of the land reform led to an increase in the number of borders, roads,
etc., as artificial boundaries in the way of the natural discharge of surface
runoff, which causes increased water erosion.

In the 40 years since the end of the large-scale survey of land resources
in 19571961, the soil cover has undergone changes. In this regard, it is
possible to assess the real state of land resources only under the condition
of a continuous study of the soil cover. Ukraine is late in solving this
issue. Transition to market relations, reformation the agrarian sector of
the economy and the introduction of private ownership of land require
accurate information about the qualitative composition of land resources
to determine their agro-production potential, assess their value, conduct tax
policy, monitor the condition of soils in order to prevent their degradation,
increase production efficiency through the introduction of adapted to soil
and ecological conditions agricultural technologies, etc. The issue of
repeated large-scale soil research in Ukraine is on the agenda.

4. Change in humus content in soils

Changes in forms of management and ownership of land, which became
the main content of transformations in the agrarian sector of Ukraine in recent
years, unfortunately, had a negative impact on soil fertility. They have lost a
significant part of the humus, the most fertile chernozems in the world have
turned into soils with an average level of fertility and continue to deteriorate.
A comparison of the humus content of soils during the time of Dokuchaev
(1882) with the current state shows that the relative loss of humus during this
almost 120-year period reached 22% in the Forest-Steppe region, 19.5% in
the Steppe region, and about 19% in the Poliska zones of Ukraine [49-56].

The greatest losses of humus occurred in the period of the 1960s-1980s of
the last century, which is due to the intensification of agricultural production
due to the increase in the area of row crops, first of all, sugar beets and
corn. During this period, annual losses of humus reached 0.55-0.60 t/ha.
Unfortunately, the processes of dehumification during the last 20 years
have not stopped, but continue to flow with a sufficiently high intensity.
According to the results of agrochemical certification of agricultural lands
during the last 4 rounds, the humus content in Ukraine decreased by 0.5%
in absolute units (Figure 1).
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Figure 1. Dynamics of humus content in the soil for 2000-2020
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Figure 2. Dynamics of humus content
in the soil and application of organic fertilizers
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Particularly significant losses of humus occurred between the 5th and
6th rounds — 0.37%, when the volume of organic fertilizer application
began to decrease sharply (Figure 2), and the formation of the crop
occurred at the expense of the potential fertility of the soil. According
to the State Committee of Statistics of Ukraine, the rate of application
of organic fertilizers was 0.6 t/ha, while at the end of the 80s of the last
century it was 8.6 t/ha.

A decrease in the weighted average indicator of humus content,
accordingly, affects changes in the redistribution of areas according to its
availability. In particular, areas of soil with high and very with high content
decreased, and with high and medium content, on the contrary, increased.
That is, by losing humus, soils move from a group with a high to a group
with a low supply.

5. Change in the reaction of the soil solution

The agroecological assessment of soils is based on a complex of
indicators of soil regimes, among which an important place is assigned
to the reaction of the soil solution (pHN,O and pHKCI) and hydrolytic
acidity (Hg). These characteristic values directly affect the growth and
development of plants, the activity of soil organisms and the degree of
solubility of hard-to-reach forms of nutrients, coagulation and peptization
of soil colloids, and the effectiveness of fertilization [39; 54].

An acidic soil environment is one of the factors that limit obtaining high
and high-quality crops. Under-harvest of major crops due to the negative
impact of soil acidity is about 1 million 350 thousand tons of grain units
every year. Gross harvests of wheat, barley, corn, sugar beet and rapeseed
are decreasing the most.

The main reasons for the formation of an acidic soil environment are as
follows: climatic conditions (wash water regime), properties of the parent
rock (acidic or carbonate) and anthropogenic factors (human activity).
Among the anthropogenic factors of acidification, an important role is
played by the use of large amounts of physiologically and chemically acidic
fertilizers, acid precipitation. The soil undergoes significant acidification as
a result of decalcification: removal of calcium by crops and its infiltration
with meltwater and rainwater. The acidity index is significantly affected by
climate warming that has occurred in recent decades.

127



128

Hanna Pantsyreva, Kateryna Mazur

Acidification is accompanied by a complex deterioration of the
physical, physicochemical, agrochemical and biological properties of the
soil, which manifests itself in the following changes:

— peptization of colloids, which leads to the destruction of the structure;

— inhibiting the growth and development of the root system, which
affects the winter resistance and drought resistance of crops;

— reducing the payback of nitrogen and phosphorus fertilizers;

— suppression of vital activity of nitrogen-fixing free-living and nodular
bacteria, preferential development of fungal microflora, as a result of which
the damage to plants by fungal diseases increases;

— increased weediness of fields, as most weeds can withstand the acidic
reaction of the soil environment.

6. Provision of soils with trace elements

Based on the grouping of soils by the level of provision of physiologically
necessary microelements for plants with low and increased removal of
microelements, the examined soils are very colorful. The content of trace
elements in soils depends on the granulometric composition of soil-forming
rocks, the granulometric composition of soils and the content of organic
substances. In Western Polissia, the zinc content ranges from 0.28 mg/kg
of soil in sod-podzolized clayey soil to 2.21-7.35 mg/kg in peat-swamp
and sod-podzolized soils, which corresponds to the low and high supply of
plants with this element. According to the content of manganese, the soils of
this region belong to the group with a high level of security, even for crops
with increased removal, copper and cobalt — to the group with an average
content for the same crops [37].

The soils of the Central Polissia are sufficiently supplied with cobalt,
copper and manganese, but the provision of zinc in most cases is low —
<1 mg/kg of soil.

In the soils of the Forest Steppe (Western, Right-Bank and Left-Bank)
cobalt content varies from 0.07 mg/kg of soil to 0.67, which corresponds
to a low and high level of providing plants with this element, but mainly
corresponds to an average level with a content fluctuation of 0,15 to 0.5 mg/
kg. The content of copper in individual soils of the Forest Steppe is equal to
0.06-0.07 mg/kg of soil, which does not correspond to the gradation of even
low security These are typical chernozems and meadow-chernozem soils,
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and in general, the content of this element ranges from 0.10 to 0.55 mg/kg
of soil. The provision of the absolute majority of forest-steppe soils with
the mobile form of manganese is high, and zinc is low, even for crops with
a low level of removal.

The soils of Donbas and the Steppe are well supplied with mobile
forms of cobalt, copper and manganese, and the zinc content in most soils
corresponds to a low level of supply — < 1 mg/kg of soil.

The content of cobalt, copper and manganese in the soils of
Transcarpathia corresponds to a high level of provision, and zinc — to a
low level. The content of the mobile form of boron in the soils of Ukraine
varies from the minimum (trace) amount in the sod-podzolic sandy soils
of Polissia to 3.37 mg/kg of soil — in chernozems of saline soils. Thus,
the soils of Polissia should be classified as soils with a pronounced boron
deficiency, and the sod-podzolic surface-glazed soils of the Carpathians
are classified as having an average boron content of 0.3-0.5 mg/kg of soil.
Forest-steppe soils with a boron content of 0.18-2.30 mg/kg of soil belong
to the group with a high content of this element.

The obtained data indicate a deficiency of the mobile form of zinc in
most of the examined soils, and boron in the sandy and sandy soils of
Polissia. The content of other trace elements in the absolute majority of
soils corresponds to medium and high levels of availability.

7. Changes in agrophysical properties of soils

In connection with excessive plowing, deficient balance of biogenic
elements, insufficient application of organic substances, mineral fertilizers,
meliorants, pollution etc., the soils of Ukraine are degrading in modern
conditions. Physical degradation also became widespread.

Physical degradation, as a result of intensive agricultural use of land,
namely, excessive plowing of soils, intensive mechanical cultivation and
a decrease in the content of organic matter in the soil, has practically
covered the entire arable land of Ukraine. It manifests itself in the
destructuring of the upper layer, lumpiness after plowing, flooding and
crust formation, the presence of a plow sole, over-compaction of subsoil
and deeper layers. Physically degraded soils are prone to erosion, absorb
and retain atmospheric moisture worse, limit the development of plant
root systems.
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Soil compaction is a well-known problem in Ukraine, accompanied
by adverse environmental consequences and significant economic losses.
When growing grain crops, approximately 20% of the country's arable land
has a density of structure in the root layer higher than these crops require.

In general, optimal conditions for cultivation and obtaining the best
quality of arable land are noted in a relatively small (2.56 million ha) area
of the Central and Left Bank Forest-steppe, where typical and podzolic
chernozems of light and medium loamy composition, moderately humus,
with high potential and actual level of aggregation are widespread.
Moderately pronounced strength indicators and a fairly long period with
moisture of physical maturity allow processing them in the period of the
best crumbling with minimal energy consumption. Moreover, there are all
opportunities to minimize tillage and even completely abandon it, that is,
to minimize the mechanical load on the soil and protect it from physical
degradation. In this case, the danger of over-compaction, spraying and
the formation of blocks is eliminated. In addition, there are practically no
factors that complicate processing (crushing, salinity, and siltiness).

However, along with the high value of arable land, it must be stated
that there are quite enough other less valuable territories in Ukraine. Even
in Polissia, where soils of light granulometric composition dominate,
the cultivation of which does not create any significant difficulties, the
soil and technological conditions, however, are assessed as difficult and
very difficult. The reason is the extremely high equilibrium density of
the structure, the very low potential and actual level of aggregation, the
existence of the danger of spraying and the rather frequent presence of
oozing in the surface layer.

8. Development of erosion processes

Soil erosion is the main factor in the degradation of agricultural
landscapes in many countries of the world, including Ukraine. During the
last decades, environmental and economic losses of the country's agricultural
production due to the anthropogenic increase in soil erosion have taken
on threatening proportions. The reasons for this are long-term ecologically
unreasonable intensive exploitation of land resources, excessive plowing of
the soil cover, disturbance of the balance of cycles of chemical elements in
agro-ecosystems [24-29].
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The negative consequences of modern anthropogenic erosion concern
not only the field of agricultural production, but also all components of the
natural environment — relief, surface and underground waters, plant cover
and the entire biota. The area of Ukraine is 60.3 million hectares of land,
of which 41.6 million hectares are agricultural land; of them, 32.5 million
hectares are arable land (Figure 3).

= Very low and low humus content, %
= Average and high content of humus, %

= High and very high content of humus, %

Figure 3. Structure of agricultural land for content of humus

The plowed area is 53.9% of the total area of Ukraine, and 78.1% of
agricultural land. In some regions, it reaches 80-90% (Table 2). The most
developed countries of the world did not know such a level of poverty.

Table 2
Regions of Ukraine with the highest degree
of plowed agricultural land
Region Plowability, % Region Plowability, %
Vinnytsia 85,7 Mykolayiv 84,5
Donetsk 81,0 Odesa 79,7
Zaporizhzhia 84,8 Ternopil 81,4
Kirovohradsk 86,4 Kherson 90,2
Luhansk 66,4 Cherkasy 87,6
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As a result of high plowing of the territory, the erosion rate of
agricultural land is 38.4%, arable land is 40%. In absolute terms, this
amounts to 15.9 million hectares of land, in the volume including
12.9 million hectares of arable land. In some regions, the percentage of
eroded land is significantly higher than the national rate.

Ukrainian scientists have long proven the need to remove 8-10 million
hectares of eroded land from arable land (from 24 to 33% of arable land).
In fact, from 1991 to 2009, only 0.96 million hectares were removed, which
is 2.9% of the arable land area, including 0.07 million hectares (0.4%) in
the steppe zone. Further intensive use of eroded lands may have negative
consequences for Ukraine.

The introduction of scientifically based norms for reducing the share
of arable land will bring the plowing of the territory of Ukraine closer to
the optimal level, as a result of which the area of natural fodder lands will
increase by 2.4 times, forest strips and forests by 1.8 times.

Out of all branches of the economy of Ukraine, the agrarian sphere
experiences the greatest direct losses from erosion. The average annual loss
of soil from water and wind erosion is 15 t/ha. This means that the soil
cover of the country loses about 740 million tons of fertile soil every year,
which contains about 24 million tons of humus, 0.7 million tons of mobile
phosphates, 0.8 million tons of potassium, 0.5 million tons of nitrogen and
large amounts of trace elements.

Erosive processes, destroying soils, affect, first of all, their provision
of organic matter. Thus, the humus content in weakly eroded chernozems
decreases by 5-10%, moderately eroded by 25-30%, strongly eroded by
35-40% compared to their full-profile counterparts.

The amount of land in Ukraine damaged by water erosion reaches 32%
of the total area or 13.3 million hectares. Of these, 4.5 million hectares with
moderately and strongly washed soils, including 68 thousand hectares, have
completely lost the humus horizon.

In Ukraine, more than 6 million hectares are systematically exposed
to the harmful effects of wind erosion, and in years with dust storms up
to 20 million hectares. The Southern Steppe is a particularly potentially
dangerous zone in Ukraine. Thus, the number of days per year with dust
storms in the Southern Steppe is 159, in the Northern and Central Steppe —
88, and in the Forest Steppe and Polissia — about 33 days.
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9. The state of modernization of the environmental safety system

under the conditions of sustainable development

The authors of the monographic study have considerable experience
in issues related to rational nature management, increasing the level of
environmental security, energy security, and economic stability in the
context of sustainable development of bioecosystems and rural areas.

The previous scientific work of the authors includes: theoretical and
practical research in the field of rational nature management and soil
fertility improvement, the state of modernization of the ecological security
system under the conditions of sustainable development was analyzed, the
world experience of environmentally safe sustainable development of rural
areas, priority directions for the modernization of the ecological security
system in the context of achieving sustainable development were developed
rural areas. The authors also researched system variants of bio-organic
technologies for growing the main leguminous crops used in EU countries
and Ukraine. A marketing analysis of the production and use of alternative
energy sources at regional levels was conducted. The studies confirmed the
presence of significant problems, which led to the need for further scientific
research and the need to develop a strategy for environmental security of
rural areas based on sustainable development [13—15; 32-33; 41-45; 65].

Amanpreet S. and others (2020) proposed models of organic crop
rotations with elements of biologization when they are saturated with
leguminous crops, and also made proposals for the comprehensive
development of the field of organic production. Nosheen S. and others.
(2021) summarized the results of using biofertilizers of organic origin
to preserve soil fertility. Mukhuba M., Roopnarain A., Adeleke R.,
Moeletsi M., Makofane R. (2018) investigated the issue of anaerobic
digestion leading to two valuable products which are biogas and
nutrient-rich organic fertilizer (digestate). As a result, it was found that
digestion caused a decrease in the content of heavy metals and some
potential pathogenic bacteria, unlike manure. Based on the results of
the study, digestate has a greater potential than undigested manure as
an organic fertilizer with signs of increasing humus content in soils.
Palamarchuk V.D. proves that a scientifically based system of using
organic fertilizers significantly improves the physical and water-physical
properties of the soil, the water-air regime and physico-chemical indicators
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of fertility are optimized, especially the absorption capacity and buffering
capacity of the soil increases [65].

As aresult of all these processes, the nutrition conditions of agricultural
crops are optimized. In addition, the study of bio-organic technologies for
growing agricultural crops by V.A. Mazura. aimed at the production of
increased quality of grown products that will meet world standards in the
field of organic and biological agriculture and the modern structure of the
potential fodder base [18-25].

Ali et al. (2022) determine that the key aspects of the technology in
order to solve the problem of providing the soil with organic matter and
the macro- and microelements necessary for the growth and development
of plants are the use of the non-marketable part of the crop of crop rotation
for the fertilization system with its combination with animal manure,
which has previously undergone anaerobic fermentation in biogas stations.
Kaletnik G.M. etc. (2019) examined the state's energy, environmental,
and food security and the impact of biofuel production and use on energy,
environment, and food security. On the basis of calculations of biogas
output from various raw materials on domestic agricultural productions, it
has been proven that the use of biogas plants ensures the energy autonomy
of agricultural enterprises and the energy independence of the agricultural
sector in general, the ecological disposal of agricultural waste, the reduction
of carbon dioxide emissions, the increase of the yield of agricultural crops,
the increase of soil fertility, reduction of soil acidity, reduction of costs for
the introduction of mineral fertilizers due to the introduction of digestate and
increase in the profitability of agricultural enterprises. The agrochemical
analysis of digestate as an organic fertilizer was studied and it was proposed
to use it for the development of organic agricultural production [14].

10. Use of digestate as an organic fertilizer
for the development of organic agricultural production
For intensive agricultural production and complete reproduction of
humus reserves in Ukraine, 320-340 million tons of organic fertilizers
should be applied annually. Previously, this balance was maintained mainly
at the expense of domestic livestock. However, the number of livestock
in Ukraine has decreased significantly. Currently, 1 hectare of arable
land in Ukraine has ten times less cattle than in the countries of Western
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Europe [65]. In recent years, an average of 20 times less organic fertilizers
than necessary have been applied to crops. Therefore, the soil without
organic substances is depleted and yields are reduced. It is known that the
loss of 0.1% of humus in the soil reduces grain yield by 0.5 t/ha. If the
trend continues, then in the near future Ukraine may experience a humus
famine — a serious ecological disaster. And then no agrotechnical, land
reclamation, nature protection and organizational and economic measures
will be able to restore the agrotechnical potential of the land [12; 14]. In
modern conditions of agriculture in Ukraine, the real source of organic
matter is straw, stubble, stalks and other post-harvest residues, siderates,
therefore it is very important to justify the price of these wastes [14].

Organic substances of the soil, as an integrated indicator of its fertility,
take an active part in the nutrition of plants, the creation of favorable
physicochemical properties, the migration of various chemical elements in
it, because the most important soil processes are primarily related to organic
compounds [13-15; 32-33; 41-45; 65].

Digestate is organic substrates after fermentation in biogas plants,
saturated with nutrients and excellent for soil fertilization [ 14]. Re-fermented
sludge (digestate) is a highly effective disinfected fertilizer that returns
nutrients and lignin to the soil as the basis of humus formation and ensures
the production of ecologically clean products [65].

There is global experience in the use of biofertilizers (digestate), in
particular, they are widely used in Holland, Germany, England, Finland,
Italy, China, India and other countries. In the conditions of Ukraine, very
good results of applying fertilizer are obtained during the cultivation of
vegetable and berry crops, as well as cereals, fodder and lawn grasses,
decorative flowers, such as roses, daffodils, peonies, etc. [28].

The production of digestate and the stability of anaerobic digestion
processes strongly depend on the composition of waste, process conditions,
and the activity of microbial colonies in the system. In this sense, certain
ratios of mixing and co-digestion can also lead to antagonistic interactions
that reduce the productivity of the biogas plant [65].

Ukraine has a fairly powerful raw material potential for the production
of biogas and digestate [14]. Livestock complexes and poultry farms can be
considered primarily as producers of waste, since the volumes of manure
and droppings are hundreds and thousands of times greater than the volumes
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of the main products, and this is ecological problem [65]. Evaluation of
the yield of manure, litter, biogas and digestate depends significantly on
specific conditions and technology. In particular, the yield of manure (and,
to a lesser extent, litter) depends on the age of the animals, as well as on
local framework conditions and conditions of maintenance (feed) [40; 57].

The functioning of biogas plants is associated with the formation of a
large amount of fermented substrate — digestate. It can be characterized as
a liquid resulting from the anaerobic decomposition of animal and plant
waste. Digestate contains a significant amount of mineral elements (nitrogen,
phosphorus, potassium). In terms of speed of action (absorption of elements
by plants), it resembles mineral fertilizers, since the elements N, P and K
are easily available to plants. Cellulose after digestion also contains a part
of organic matter, which has a positive effect on the physical and chemical
properties of fertilized soils. The amount of digestate is approximately similar
to the mass of the loaded substrate used in the anaerobic process in the biogas
plant. This necessitates the construction of special places for temporary storage
of fermented substrate, occupation of new territories for sites, increases
transport costs for its transportation, etc. Instead, the mass of the digestate
of biogas plants can be reduced if part of the process liquid is returned to the
fermentation compartment of the biogas plant [14]. In addition, the fermented
substrate can either be stored and used as enzymes, or it can be separated into
liquid and solid fractions. The separation will result in two different fertilizers
with contrasting properties: a liquid fertilizer and a solid organic residue that
can be used directly as an organic additive or can be composted or dehydrated
before application to the soil. In turn, it is possible to achieve the optimal mass
and required moisture content of the digestate by using one of the known
technologies, in particular, separation, centrifugation, concentration, drying,
granulation or the extraction of individual elements from its composition.

It was established that the use of digestate as biofertilizer is an economically
and ecologically appropriate method of handling the fermented residue. This,
in turn, brings numerous advantages, in particular, it reduces the demand for
plant protection products (destruction of weed seeds during fermentation),
reduces unpleasant odors or destroys possible pathogens, preserves valuable
moisture in the soil, allows you to abandon mineral fertilizers, etc.

The digestate contains a number of nutrients, such as: nitrogen:
2.3-4.2 kg/t, phosphorus: 0.2-1.5 kg/t, potassium: 11.3-5.2 kg/t, a number
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of meso — and trace elements that play a significant role in the development
of crops (Ca, Mg, Mn, B, Fe). In addition, the digestate contains organic
carbon, including humic substances (1%-3% by weight), has a high
proportion of nitrogen available for plants (up to +10...70% compared to
non-fermented materials), is optimal for the soil the C:N ratio, the optimal
pH value for the soil is 6.8-7.5, contains active populations of bacteria that
contribute to the decomposition of organic matter in the soil [12].

After a detailed consideration of the physicochemical properties of the
digestate, the main direction of using the fermented residue should be its
use as a biofertilizer, which will strengthen the ecological and economic
aspect of the entire biogas industry.

11. Conclusions

The research methodology is based on experimental studies of scientific
topics on the topic: "Development of bio-organic technologies for growing
agricultural crops for the production of biofuels and ensuring the energy
independence of the agricultural sector". Real intensification and greening
of the agro-industrial complex of Ukraine is impossible without optimizing
the ratio of land plots as the basis for their protection and restoration. It
can be considered optimal when the ratio of unstable factors (arable land,
orchards) to stable ones (natural fodder areas, forests, forest strips) does
not exceed unity. Urbanized and man-made territories are not included in
this calculation. This means that the plowed area of the territory should
be in the range of 40-50% for the steppe zone of Ukraine. The reduction
of arable land will not lead to a decrease in marketable crop production,
if the necessary economic order is given in the use of land that remains
in intensive cultivation. Removal of unproductive lands from intensive
agricultural use (degraded, underdeveloped, low-technology, etc.).

World experience shows that increasing the efficiency of agriculture is
possible only under the conditions of intensive use of highly fertile soils and
reduction of investments in low-productivity lands. Reduction of arable land
will improve the fodder base of animal husbandry with returns from natural
fodder lands. This will make it possible to leave the non-marketable part
of crop production in the field, as well as to return, with the help of animal
husbandry, the vector of the flow of biophilic substances from fodder lands
to intensively used fields. A perspective opens up real harmonization of
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"relations" between animal husbandry and crop husbandry. Only products
of deep processing of animal and plant raw materials and high-quality food
grains should go outside the agricultural landscape.

It was established that the use of digestate as biofertilizer is an
economically and ecologically appropriate method of handling the
fermented residue. This, in turn, brings numerous advantages, in particular,
it reduces the demand for plant protection products (destruction of weed
seeds during fermentation), reduces unpleasant odors or destroys possible
pathogens, preserves valuable moisture in the soil, allows you to abandon
mineral fertilizers, etc.
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Abstract. Soil resources are the basis of the development of the agrarian
sector of the country's economy and ensuring a favorable environment for
humans, therefore the protection and rational use of soils is an important
component of national security. In terms of the quality of soil resources,
Ukraine occupies one of the leading places in the world, and the concept
of "Ukrainian chernozem" is our image feature. The purpose. Study of the
degradation processes of the soil cover of the Vinnytsia region. Methodology.
In the course of researching the topic of our work, we used the materials of
the annual statistical reports of the main statistics department in the Vinnytsia
region, as well as materials provided by the Vinnytsia branch of the Institute
of Soil Protection of Ukraine, the State Environmental Inspection in the
Vinnytsia region. Result. Unfortunately, due to the inefficient management
of soil resources in Ukraine over the last quarter of a century, most of
the soil is in a pre-crisis state, and in some places in a crisis state with a
tendency to deteriorate. A third of Ukraine's arable land is eroded, about
40% is over-compacted and 20% has unregulated acidity, almost 70% of
arable land has a deficit of available moisture for plants, and the balance
of nutrients remains deficient. In recent years, in connection with global
climate changes, the consequences of crisis phenomena in the state of soils
have become even more tangible and threatening, and the introduction of the
land market necessitates their urgent overcoming. Practical implications.
The unsatisfactory state of affairs in this area requires comprehensive
consideration and the implementation of appropriate regulatory measures.
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On the other hand, the scientifically based use of Ukraine's unique soil
resources will contribute to Ukraine's successful promotion to the world
food market, as well as the diversification of economic development.
Value/originality. This indicates the relevance and necessity of solving the
problem of sustainable management of the country's soil resources. Out of
60.3 million hectares of its territory, 42 million hectares are agricultural
lands, 33.2 million hectares are under arable land. Over the last 30 years,
the area of eroded arable land increased by 1.9 million hectares, that is,
64 thousand hectares were lost every year, and now the area of eroded land
is 11.3 million hectares, or almost a fifth of the entire territory of Ukraine.
Application of monocultures in large regions, violation of crop rotation,
almost complete rejection of organic fertilizers, reduction of the share of
leguminous crops lead to dehumification of soils, reduction of yields.

1. Introduction

The mainproblem of soil resources in Ukraine, as well as in other countries
with an underdeveloped system of soil protection, which poses a threat to
national security, is soil degradation. The most characteristic degradation
processes in soils are the following: losses of humus with an intensity of
0.42-0.51 t/ha per year and nutrients, especially phosphorus and potassium;
erosion losses of the upper fertile layer; over-compaction, destruction of the
structure, lumpiness and crust formation; acidification of soils, especially in
Polissia and the Carpathian region; secondary salinization and salinization
of irrigated soils; activation of peatlands; pollution by radionuclides
(11.1% of arable land), pesticides (9.3%) and heavy metals (8%) [12].

In recent years, many new ideas and approaches aimed at protecting soil
resources have been born in the world. The Global Soil Partnership (GSP),
whose mission is to improve the global management of the planet's limited
soil resources to ensure healthy and productive soil for world food security,
as well as to support other key ecosystem activities on which our society
depends, including regulating water regimes and provision of clean water,
climate regulation, preservation of biodiversity and cultural heritage [26; 56].

The main priorities for the European region are: "sealing" or sealing of
soil, salinization and pollution. Soil "sealing" and land extraction. In the
densely populated countries of Western Europe, soil sealing is one of the
most dangerous phenomena. The European Commission has already carried



Agro-ecological potential of soil cover of Vinnytsia region

out significant work to raise awareness of this problem and proposals to
eliminate the negative trend.

Salinity and acidity. Salinity is a widespread threat in Central Asia,
and it is a challenge in parts of Spain, Hungary, Turkey and Russia. With
considering the importance of the problem in Eurasia, this the topic will be
considered in the framework of this plan for the implementation of the EGP
and the sub-regional soil partnership for Eurasia [60; 65].

Soil pollution. Soil pollution is a widespread problem in Europe and
manifests itself most strongly locally. The most common pollutants there
are heavy metals and mineral oils. Situation is already improving in most
regions and has been specifically reviewed by the European Environment
Agency (EEA) EIONETNRC network.

Proposals for discussion for future participants of the UEP:

a) the most common pollutants are agrochemicals that degrade soil
biodiversity and are closely related to ecosystem activities;

b) diffuse pollutants.

These additional threats to the maintenance of a wide range of soil functions,
which are necessary to meet many of the Sustainable Development Goals,
are also worthy of consideration by the EGP. At the EU level, as stated in the
2012 report of the Commission on the Implementation of the Soil Thematic
Strategy and Current Activities, soil degradation is increasing in the EU.

Let's consider the indicated problems in a little more detail. The EHP
report is of some interest in terms of information, because it contains the
latest materials on the state of European soils.

In addition, the authors of the report suggest focusing the efforts of
the future members of the UEP on identifying and overcoming various
problems of soil degradation in their countries.

Soil sealing (permanent covering of the soil with impermeable material)
and related land acquisition lead to loss of important soil functions (for
example, water filtration and storage, and food production). Between
1990 and 2000, at least 275 hectares of soil were lost per day in the EU,
amounting to 1,000 square kilometers per year. Between 2000 and 2006,
average soil loss in the EU increased by 3%, including 14% in Ireland and
Cyprus, and 15% in Spain. Between 1990 and 2006, 19 EU member states
lost potential agricultural production equivalent to a total of 6.1 million
tonnes of wheat, with large regional variations.
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A recent new water-induced soil erosion model built by the JRC (EU
Joint Research Center in Ispra, Italy) estimated the affected surface area
in the EU27 at 1.3 million km? Almost 20% of them have soil losses
exceeding 10 t/ha/year. Erosion is not only a serious problem for soil
functions (estimated to cost €53m per year in the UK alone); it also affects
fresh water quality because it leaches nutrients and pesticides into water
bodies. For example, agricultural losses of phosphorus exceed 0.1 kg/ha/
year in most of Europe, and reach a level of more than 1.0 kg/ha/year in
problem areas (hot spots). The fight against the prevention and prevention
of erosion will be a key contribution to the achievement of the EU goals.
Soil erosion is particularly intense in wildfire areas, which are estimated at
500,000 ha/year according to the European Forest Fire Information System
(EFFIS) and leads to the loss of soil carbon.

The risk of erosion is highest in Spain (up to 44% of the territory),
Slovakia (up to 40%), Portugal (up to 33%), Bulgaria, Andalusia, Corsica,
central Italy and Greece. The smallest is in northern Europe. It is difficult to
give a quantitative assessment of local soil pollution in full, because most of
the EU member states do not have comprehensive studies and comparable
information. In 2006, the European Environment Agency estimated that there
was a total of 3 million hectares of contamination (European Information
and Observation Network EIONET and National Soil Reference Centers
NRC), potentially 250,000 contaminated sites in the EU. Remediation is
underway, although there are large variations between EU member states
reflecting the presence or absence of national legislation. It was estimated
that in 2004, costs for soil restoration in the EU27 amounted to €5.2 billion,
of which 21.6% in Germany, 20.5% in the Netherlands, and 5.9% in France
and Great Britain [25; 44].

Soil biodiversity provides solutions to numerous issues, including
the transformation of nutrients into forms that can be used by plants and
other organisms, water purification by removing pollutants and pathogenic
microorganisms from it, maintaining the composition of the atmosphere
in a favorable state, participation in the carbon cycle, and also as a major
source of genetic and chemical resources (for example, antibiotics). The
indicator-based map prepared by the JRC shows a preliminary assessment
of the regions where it is located soil biodiversity is under threat. It includes
areas with high population density and/or intensive agricultural activity (for
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example, cultivation of grain and industrial crops, livestock, greenhouses,
orchards, vineyards and horticulture).

2. Analysis of recent research and publications

A significant part of the country's land fund is subject to degradation,
and in the case of its uncontrolled development, it can replenish the share
of land in need of conservation. Loss of humus. For 140 years, since the
first measurements of the humus content in the soils of Ukraine, carried out
by V.V. Dokuchaev, humus losses in the soils of the forest-steppe reached
an average of 22%, in the soils of the steppe — 19.5%, and in the soils of
Polissia — about 19%. The greatest losses of humus occurred in the 1970s,
when the share of row crops — sugar beets and sunflowers — increased
dramatically in the structure of crops. It was possible to partially stop
humus losses thanks to the annual application in the country of an average
of 8.4 t/ha of manure and about 170 kg of d.r.y. of mineral fertilizers
per 1 ha of arable land. In subsequent years, the decrease in fertilizer
application led to a gradual decrease in humus content from 3.36% in
1986-1990 to 3.14% in 2006-2010.

In 2011-2015, agricultural enterprises applied from 2.5 to 4, 8 t/ha
of straw and 11.6-16.6 t/ha of siderates annually, which contributed to
stopping the decrease in humus content. Loss of nutrients. Until 1990, in
Ukraine, on average, about 150 kg of d.r./ha was applied with a N:P:K ratio
of 1:0.7:0.7 on an area of about 90% of arable land. Until 1996-1998, the
restructuring of social and economic relations was accompanied by a sharp
decrease in the level of agricultural chemicalization to 20-30 kg d.y./ha, but
since the beginning of the century and until now, there has been a gradual
increase in the use of mineral fertilizers to the level of 80—110 kg d.y. ./ha on
an area of 80% arable land with a N:P:K ratio of 1:0.2:0.2. According to the
State Committee of Statistics of Ukraine, in 2017, agricultural enterprises
contributed 48.9 kg of NPK per 1 ha of agricultural land. The balance of
NPK in the agriculture of Ukraine in 2017 was negative for all nutrients and
totaled 36.0 kg/ha.

Soil erosion. Compared to European countries, whose arable land
makes up 30-32% of the total area, plowed land in Ukraine reaches 53.8%.
Such an imbalance in the structure of agricultural land was formed half a
century ago during the campaign in the former USSR to increase the area
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of arable land at the expense of erosion-dangerous, eroded, low-fertility
slopes, as well as valuable and irreplaceable in the aspect of environmental
protection. As a result of the extremely high level of plowing of agricultural
land, there was a very high risk of water and wind erosion. The total area
of eroded land has now increased to 13.4 million hectares, and arable land
to 10.6 million hectares (32% of all arable land). Up to 500 million tons of
topsoil is washed away from arable land every year, with which 24 million
tons of humus are lost, and losses of agricultural products from soil erosion,
according to expert estimates, exceed 9—12 million tons of grain units per
year. The eroded lands include 4.5 million hectares with moderately and
severely eroded soils, including 68,000 hectares that have completely lost
the humus horizon. More than 50% of Ukraine's arable land is deflationally
dangerous, 12.4 million hectares of which are located in the steppe zone.
Physical degradation of soils. Phenomena of physical soil degradation
are observed on more than half of the arable lands. Physically degraded
soils are vulnerable to erosion, absorb and retain atmospheric moisture
worse, limit the development of plant root systems. Soil compaction is
the most dangerous consequence of intensive mechanical cultivation in
all natural zones of Ukraine, which is accompanied by adverse ecological
consequences and significant economic losses. The high vulnerability of
soils to overcompaction is noted in chernozem soils with low equilibrium
density and moisture, which is equal to or higher than the moisture of
physical maturity. Almost 22 million hectares of arable land are at real
risk of over-compaction. Secondary salinization and salinization of soils.
According to the State Geocadastre, there are 2.8 million hectares of saline
soils in Ukraine, 2 million hectares of which are used as arable land, and
about 0.7 million hectares are irrigated.

Over the past twenty years, measures for reclamation of saline soils in
Ukraine have been carried out unsatisfactorily. The volumes of gypsum
and other gypsum-containing rocks decreased from 1341 thousand tons in
1990 to 16 thousand tons in 2015, and the area — from 305 thousand hectares
to 7.1 thousand hectares, respectively. Under such a system of agriculture,
there is a widespread deterioration of the quality of the solontic soils, the
loss of their fertility and the productivity of agrocenoses on these lands.
Other degradation processes and damages from degradation. The qualitative
state of land resources is significantly affected by hydrometeorological
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and dangerous exogenous geological processes and phenomena (slides,
landslides, landslides, karst, soil subsidence, abrasion, destruction of
reservoir banks, etc.), which are spread over more than 50% of the territory.
Flooding processes are developing on 17% of the territory. According to
various estimates, the area of degraded and infertile soils in arable land is
from 6.5 to 10 million hectares, or more than 20% of the area. Direct annual
losses only from crop failure due to the main types of soil degradation reach
a total of about UAH 33.6 billion in Ukraine. As a result of the spread of
degradation, the soil potential for grain production in Ukraine, which is
80—100 million tons, is realized by only 70%.

3. Literature review

Analysis of the latest research and publications shows that the problem
of sustainable soil management is currently being actively studied by
foreign scientists. So, for example, the Voluntary Guidelines for Sustainable
Soil Management (VGSSM) and global actions to ensure soil health are
in the field of view of scientists [1]; evaluation and regulation of the
implementation of sustainable soil management practices [2]; managing
the solution of soil protection problems [3], including through relevant
legislation and policy [4]; long-term effectiveness of sustainable land
management practices to control runoff, soil erosion, and nutrient loss in
agroecosystems [5]; opportunities and barriers for sustainable management
of soil resources [6]; tools of sustainable soil management: soil ecosystem
services, energy and economic analysis [7]; assessment of soil quality for
sustainable land use and management [8]; analysis of the possibilities of
using consulting services to support sustainable soil management [9]. At the
same time, domestic scientists are investigating the genetic and production
aspects of the development of Ukrainian agronomic soil science [10]; the
role of soils in the development of society [11]; formation of sustainable
systems of land use and soil protection in modern conditions [12]; scientific
principles of sustainable management of soil resources of Ukraine [13]; the
influence of soil fertility and land quality on the formation of sustainable
competitiveness of agricultural enterprises [14]; efficiency of agricultural
land use [15]; spatial features of soil cover as the basis of sustainable soil
management [16]. The ecological and economic foundations of a holistic
concept of sustainable soil management in Ukrainian agriculture are outlined
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in the monograph of one of the co-authors [17]. In previous studies, it was
established that the existing soil resource management system in Ukraine
is not sufficiently balanced and does not ensure the preservation of soil
fertility, therefore the problem of preserving soil resources and overcoming
soil degradation in Ukraine requires new approaches and a comprehensive
solution in the legislative, organizational, institutional, informational,
technological and financial aspects [12-23]. Therefore, it is necessary
to solve the issue of scientific substantiation of the national strategy of
sustainable management of soil resources in order to achieve a neutral level
of degradation and guarantee national security.

4. Intensity of contamination of agricultural soils with toxicants

In Vinnytsia, the natural and climatic conditions are favorable for the
development of agriculture and animal husbandry. The unique investment
potential of the Vinnytsia region is the land fund. The region has the
largest share of Ukrainian chernozems, a significant part of them, 21%, is
chernozem type lands. This is a unique concentration of high-quality land
resources. According to statistical data, more than 2 million hectares of
agricultural land, which is 3.3% of the area of Ukraine, are reserved for
land users.

It is known that soil quality is a combination of its physical, chemical and
biological properties, which have undergone significant changes due to an
ineffective system of economic land use, soil reproduction and progressive
degradation of agricultural landscapes.

Ukrainian lands, in particular, the soils of the Vinnytsia region,
are degrading as a result of negative processes that accompany the
use of agricultural lands, namely: loss of humus and nutrients; drying
(desertification) and overwetting (waterlogging), salinization and
acidification, pollution by discharges, emissions, waste, chemical means of
plant protection, erosion damage. Summarizing these changes, it can be
noted that the condition of the soils causes a decrease in their functions in
agro-ecosystems. Characteristics of soil quality are based on characteristics
of soil processes, as well as indicators acquired as a result of economic
activity or anthropogenic changes.

It is known that the increase in soil acidity contributes to a noticeable
decrease in the yield of agricultural crops and reduces the quality of
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produced products, which requires an additional increase in the use of
mineral fertilizers and, as a result, an increase in soil pollution with heavy
metals, nitrates and other harmful substances. The dynamics of soil acidity
in the Vinnytsia region according to the data of the Vinnytsia branch of the
Institute of Soil Protection of Ukraine is shown in Figure 1.
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Figure 1. Dynamics of soil acidity in the Vinnytsia region
(Institute of Soil Protection of Ukraine)

So, at present, the methods of improving the soil have been determined.
The main ones are formed in the following directions:

— increasing the sustainability of agricultural landscapes;

— increasing the level of natural biogeochemical cycles;

— restoration of soil fertility;

—ensuring environmental cleanliness of all types of agricultural products.

5. Current state of the development of degradation processes
in the soil cover of Vinnytsia region
It is reported [13] that soil degradation is the deterioration of useful
properties and soil fertility due to the influence of natural or anthropogenic
factors. Land degradation — natural or anthropogenic simplification of the
landscape, deterioration of the condition, composition, useful properties
and functions of the land and other natural components organically
connected to the land. Soil pollution — accumulation of substances in soils
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that negatively affect their fertility and other useful properties. The main
cause of soil degradation is human activity (anthropogenic intervention).
Humanity, with a population of more than 5 billion people and an annual
increase of 80-85 million, having mastered various technologies to
ensure the desired benefits and life comfort, is changing the nature of the
planet on a global scale. Unaware of the dangers, individual nations and
humanity as a whole involve the Earth in a grandiose experiment, the
course and consequences of which people can neither predict nor control.
Degradation, soil erosion, reduction of the humus cover of the planet,
contamination with poisonous chemical and biological compounds and
radionuclides are the obvious consequences of anthropogenic influence
on the earth. Industrial society involuntarily accelerates processes
of a planetary scale, which it is not ready to manage either morally,
intellectually, or materially clearly defined.

Out of 60.3 million hectares of its territory, 42 million hectares are
agricultural lands, 33.2 million hectares are under arable land. Over the last
30 years, the area of eroded arable land increased by 1.9 million hectares,
that is, 64 thousand hectares were lost every year, and now the area of
eroded land is 11.3 million hectares, or almost a fifth of the entire territory
of Ukraine. Application of monocultures in large regions, violation of crop
rotation, almost complete rejection of organic fertilizers, reduction of the
share of leguminous crops lead to soil dehumification, reduction of yield.

Natural fodder lands and pastures, too so-called public, practically
never received either organic or mineral fertilizers. Ukrainian farmers, who
currently use 2.6% of agricultural land and produce 0.9% of crop and 0.4%
of livestock products, use almost no fertilizers.

Norms for indicators of land degradation are established for each
category of land in order to prevent deterioration of their condition
and are used to control the use and protection of land. Standards for
indicators of land degradation include indicators of the maximum
permissible deterioration of the state and properties of land resources due
to anthropogenic influence and negative natural phenomena, as well as
standards for the intensity of agricultural land use. The use in agricultural
production of agricultural machinery, the specific pressure of the running
parts of which exceeds the standards, is prohibited. Indicators of the
intensity of agricultural land use are established taking into account the
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Distribution and types of soil degradation in Ukraine

Table 1

Spread (% of the total area) according

Types of soil degradation to the degree

weak medium strong all
Loss of humus and nutrients 12 30 1 43
Condensation 10 28 1 39
Swimming and crust formation 12 25 1 38
Water erosion 3 13 1 17
Acidification 5 9 0 14
Waterlogging 6 6 2 14
Pollution with radionuclides 5 6 0,1 11,1
Wind erosion, loss of the top layer
of the soil ! ? ! 1
Pollution by pesticides and other
organic sub};tr':mces 2 7 0.3 9.3
Pollution by heavy metals 0,5 7 0,5 8
Salting, alkalizing, salting 1 3 0,1 4,1
Water erosion, formation of ravines 0 1 2 3
Side eﬁ"e.ct of water erosiop 1 1 | 3
(due to siltation of reservoirs, etc.)
Lowering of the upper level
of the dafltime sur%:ce 0,05 0,15 0,15 0,35
Defomation of the Earth's surface 0,04 023 0.08 0.35
by wind
Aridization of soils 0,04 0,18 0 0,21

data of agrochemical land certification. When establishing indicators of
the intensity of agricultural land use, agricultural crops whose cultivation
is limited or prohibited are determined, as well as technologies and
separate agrotechnical operations for their cultivation. Indicators of the
intensity of agricultural land use are used in the process of drawing
up design and technological documentation for the cultivation of

agricultural crops. In Ukraine, there is a need to significantly reduce the
percentage of plowed areas, turn arable land into cultivated pastures,

return the land to its natural state, apply economical methods of farming
and animal husbandry, and rationalize all expenses for the production of

bread and food.
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Vinnytsia, as an intensively active agro-industrial region, has not
remained aloof from the outlined directions of soil cover degradation. As
will be shown in the following subsections, the issue of dehumification
and decalcification of soils, contamination by radionuclides, heavy
mists and pesticide residues, general signs of agrophysical degradation
(overcompaction, decrease in the content of agronomically valuable
structures, the content of water-soluble of such units, etc.

6. Development of erosion processes

In Vinnytsia region, 79% of agricultural land and 75.5% of arable land
are degraded to varying degrees (including 9.4% — highly degraded). The
main cause of soil degradation is accelerated water and wind erosion, as
a result of the location of arable land on slopes of more than 20, as well
as the use of environmentally dangerous equipment and technologies, etc.
According to SE "Vinnytsia Institute of Land Management", there are
641.9 thousand hectares of erosion-hazardous land in the region. Such
scientists as O.V. Mudrak, O.V. Dedov, M.M. Hanchuk, H. Denisyk. On
the basis of the generalization of their scientific research and the results of
reports on the state of the region's environment, this subsection was written
[1;23;29; 39; 68].

The soil cover of the region is one of the most eroded (41.2%) among
the regions of Ukraine, including 35.6% of arable land. The general
characteristics of the erosion of the territory and its analysis from the
standpoint of geomorphology and anthropogenic landscape changes and
covered in recent publications [16; 52].

Therefore, some of the indicators will be duplicated in the context of
a more detailed assessment of soil erosion in the region. 851.1 thousand
ha were damaged by water erosion, which is 37.2% of the total area of
agricultural land, including arable land located on a slope of more than
2-70 — 575.7 thousand ha (31%) and 40 thousand hectares of fodder land,
and more than 70 — 20.5 thousand hectares (see table 2). As part of the soil
cover, light gray and gray podzolic soils are the most eroded (36-39.8%
of eroded soils from the total survey area according to various estimates)
[3; 19; 26; 38; 48],

Light gray and gray forest soils have the lowest anti-erosion ability
among the soils of the region — their erodibility is 37.2% with an erosion
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Table 2

Distribution of soils in Vinnytsia according to gradations of slope steepness and degree of erosion

£ . instability coefficient of 0.47 — 0.57 for
2L |.lulo unwashed soils, up to 0.66 — 0.74 in
3 A IS lightly washed soils and almost 1 .0 in
s @ E g the middle and strong declensions. The
- area of their distribution in the region
I p NG is 632.7 thousand hectares.
= i Unlike deep, shallow, low-humus
= E g ol e chernozem soils, they have a very
S|z ||| | high percentage of erosion — 49%
(=) .
& |S = (more than that of charred soils), but
. olele they have a small distribution area —
= N DN 1.6%. This intensive development of
s E T erosion is explained by their location,
§ £ §§ %22 S|<| mnamely, the steepness of the slopes
= _§ I T1=1*] and the southern exposure, where
ha the temperature regime of snowmelt
E 2|2 5 gﬁ . promotes erosion. These soils are
g common in the south of the region
z E 8. lela| |o|leo| in the land uses of Chechelnytskyi,
s §*§ Sle ] = oi|  Kryzhopolskyi and  Pishchanskyi
s |£= districts.

e |23 Black soils and turf soils on dense

S - i
E NER and loose carbonate and non-carbonate
ST 3=, - rocks, which were formed in the
é P <| 2| |E|x| conditions of steep and steep slopes in

Q[ — .
22— =[] the large catchment areas of the Yampil,
° S ST Mogilev-Podilsky, and  Shargorod
;“5_ 2 S |gl2lslS districts, have a very low anti-erosion
t f s v ability. The erodibility of these soils is
¥ g g E" ol o) 3 g" S| 97.3%. But the area of their distribution
EE EE N|F|2|=|*=|=| s insignificant (0.1%) and therefore
= > they have little effect on the general
%4 a0 s erosion of the territory of the region.

L [9 .. .
£E82% |97 9‘ SEIS In addition, the danger of erosion
-3 e A Rl M development is closely related to the
wn © ° .

= following factors:
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1) water permeability, which, along with the intensity of precipitation,
determines the possibility and intensity of runoff formation;

2) anti-erosion resistance of soils — their ability to resist washing and
erosion, water flows and

3) the general level of soil fertility, which largely determines the level of
the ability of agricultural crops to protect the soil.

Water permeability is the most important property of the soil, which best
characterizes the soil in physical terms and determines its water regime.
The water balance of the soil, including the surface runoff, and, therefore,
the erosion resistance of the soil largely depends on the water permeability.

Therefore, the water permeability of soils is understood as the
phenomenon that occurs in the soil during the entry of water onto its surface,
that is, it is the ability soil to pass water through itself. The phenomenon of
water permeability consists of two phases:

1) soil saturation with water (absorption or infiltration) and

2) penetration of water through the soil layer that is maximally saturated
with water (seepage or filtration). Therefore, in the process of conducting the
experiment, we determine two values that characterize water permeability:
the rate of absorption and the rate of filtration. The speed of absorption
is determined by the amount of water that has passed per unit of time for
the maximum saturation of the studied soil layer (up to the maximum field
moisture capacity). The rate of filtration is the rate of passage of water
through the soil layer that is maximally saturated with water. Naturally,
there is no solid boundary between the first and second phases.

The first phase can be divided into two stages. The first stage is pure
absorption, when water enters the soil, which does not reach the field
moisture capacity, and moves in it under the action of the suction forces
of the surface of soil particles and capillary menisci. The action of gravity
is not significant. In the second stage, discharge prevails. At this stage,
the absorbent capacity of the soil is reduced to a minimum, and the film,
capillary and gravitational movement of water prevails.

The transition to the second stage occurs faster in those soils and soils
with greater non-capillary porosity. Through non-capillary pores, water
moves under the influence of gravity, the effect of molecular forces in non-
capillary pores is negligible. Thus, water retention in the soil is determined
by its capillary permeability, and filtration depends on non-capillary spaces
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in the soil. And, finally, in the filtration phase, water moves through the
studied soil horizon under the influence of gravity.

When characterizing the water permeability of the soil, in addition to the
speed of absorption and the speed of filtration, the total amount of absorption
for a certain period of time is also given — the water layer (in millimeters).
Absorption and filtration rates are usually given in millimeters per minute.
O.N. Kaczynskii proposed the gradation of soils by water permeability. If
the soil passes more than 1000 mm of water in 1 hour at a pressure of
5 cm and a temperature of 10 C, the water permeability is considered poor,
from 1000 to 500 mm — excessively high, from 500 to 100 — the best, from
100 to 70 mm — good, from 70 to 30 mm — satisfactory, less than 30 mm —
unsatisfactory.

Thus, the speed and quality of soil water permeability determines the
potential risk of soil erosion.

7. Practical value and conclusions

The results of the analysis of the dynamics and current condition of soils
and their fertility are objective evidence of the growth of their degradation
rates: reduction of humus and nutrients reserves, over-compaction,
erosion, acidification, salinization, salinization, etc. — about 17 types in
total. The main causes of degradation are a shortage of organic and mineral
fertilizers, a decrease in the amount of chemical reclamation, insufficient
protection of soils by agroforestry measures, but most importantly,
insufficient interest of land users in preserving and restoring soil fertility.
Currently, the area of degraded and infertile soils is more than 8 million
hectares, and the direct annual loss of income only from crop failure due
to the main types of soil degradation reaches a total of about 33.6 billion
UAH in Ukraine. Despite the strengthening of soil degradation processes,
funding for anti-erosion and soil protection measures is decreasing. During
2009-2014, the amount of state budget funds for the implementation of
land protection works decreased by almost 20 times compared to previous
years. During 2015-2020, the state budget did not allocate funds for soil
conservation and reproduction works, ensuring their rational use, which
made it impossible to implement the necessary measures. The Law of
Ukraine "On Land Protection" provides for the development of the National
Program for Land Protection. However, until now, such a program has
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not been approved in Ukraine. Article 184 of the Land Code of Ukraine,
Article 36 of the Law of Ukraine "On Land Management" and Article
54 of the Law of Ukraine "On Land Protection" determine the need for a
periodic (every 20 years) continuous survey of the soil cover of Ukraine.
Unfortunately, such surveys have not been conducted for 40 years, although
the soil cover has undergone significant changes. Among the strategic
priorities for solving problems, the following are the main ones: adoption
and practical implementation of the National (nationwide) soil protection
program; carrying out a repeated solid survey of soils; strengthening of
state control over the preservation of soils and their fertility, organization
of soil monitoring taking into account European experience, ensuring the
functioning of the soil information center; improvement of the legislative
provision of soil protection; introduction of organic and mineral fertilizers,
chemical meliorants in full to ensure a deficit-free balance of humus and
nutrients in the soil, optimization of the reaction of the soil solution;
improvement of economic stimulation of the implementation of soil
protection measures by subjects of economic activity.
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Abstract. An assessment of the state of the soil cover of the Vinnytsia
Oblast basin is presented. A review of literary sources on the functioning
of river basins depending on external conditions and anthropogenic activity
was carried out. Considered the main problems that arise as a result of
intensive economic activity and irrational use of water and land resources in
river basins, destruction of natural landscape complexes of river valleys and
adjacent territories as a result of agricultural use. After conducting a study of
individual areas, it was established that the anthropogenic impact of types of
economic activity in the floodplain is quite significant. The purpose. Study
of the hydrographic resources of Vinnytsia region. Methodology of the study
statistical probability. An extensive method of management with a violation
of the permissible limits of the development of basins, backward industrial
technologies and low culture of the population caused an excessive load on
water bodies, their degradation — extreme depletion, siltation, clogging and
pollution. Result. Therefore, further research should be directed at carrying
out an ecological and agrochemical assessment of agricultural lands located
within the boundaries of the region in order to prevent a negative impact
on the soil cover and the quality of the hydrological fund of Ukraine. At
the current stage of the development of economic activity, the need to have
clean rivers and lakes remains relevant. In this regard, there was an urgent
need to improve the ecological condition of rivers, to protect them from
pollution and depletion. It was established that the largest river that flows
through the territory of the region for a considerable length (317 km) and
divides it into two almost equal parts is the Southern Bug. The length of
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the Southern Bug is 792 km, the area of the basin (together with Ingul) is
63,700 square meters. km The Southern Bug is the third largest river in
Ukraine. It originates on the Volyn-Podilsky upland near the village. Value/
originality. Kupela in the Khmelnytskyi region at an altitude of 340 m
above sea level. After receiving the Buzhok, Vovk, and Ikva tributaries,
the Southern Bug near the villages of Guli and Dumenka (Khmilnytskyi
district) enters the territory of the Vinnytsia region.

1. Introduction

In the conditions of growing water scarcity, water resources are currently
one of the most important factors of economic development, and clean fresh
water is a valuable and increasingly limited mineral resource. The growth
of cities, the rapid development of industry, the significant expansion of
irrigated land areas, the improvement of cultural and household conditions,
and a number of other factors are increasingly complicating the problems of
water supply [3]. Therefore, the question of using water resources requires
an actual study of the hydrological network.

Different classification models are used when studying river systems,
their functioning, dynamics and history of development. In their study,
two qualitatively different stages are distinguished. The first stage covers
the period from the beginning of the 1930s to 1966 and is associated with
the works of RE Horton [Horton, 1948]. He proposed a system of ordinal
classification (SPC) of rivers and established a number of quantitative
statistical regularities of their structure, which later, with additions made
by S. Shumm (Shumm, 1956)), received the name "Horton's laws". As
actual material on the topology of river systems accumulates, the ordinal
classification in a number of cases no longer meets the requirements
of practice. It should be noted that R.E. Horton himself understood the
imperfection of his SPK and recommended its modification, which was
done by A. Straler (Strahleg, 1952). The essence of the changes made
by Straler in Horton's SPK is the following. According to R. E. Horton's
proposal, the smallest (elementary) flow that does not have tributaries is
called a first-order flow. A river formed by the confluence of two first-
order streams is considered a second-order river. The latter can receive
an arbitrary number of elementary tributaries and changes its order to the
third only in case of confluence with another river of the second order.
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A stream of the third order, respectively, can receive an arbitrary number
of tributaries of the first and second orders and increases its class by one
only after meeting another river of the third order. In other words, a stream
of order K is formed by the merger of at least two tributaries of order
(K = 1), but can receive an unlimited number of tributaries of order
K = 1. Therefore, Horton's classification is characterized by some
uncertainty regarding the quantitative characteristics of the water network.
As the network becomes more complicated from the source to the mouth,
the order of the river system increases by leaps and bounds in such a way
that it acquires whole values K =1, 2, 3,...

2. Literary analysis

The analysis of the current ecological state of rivers and the organization
of management for the protection and use of water resources outlined
the most urgent problems that need to be solved. The basin of the small
river is an indicator of the state of the environment caused by the level of
anthropogenic load on the components of its landscape complexes.

A hydrographic network is a set of all water bodies in a certain territory,
which can be divided into two groups — natural and artificial water bodies.
The first includes rivers, lakes and swamps, the second includes reservoirs,
ponds, canals (etc.). Among natural water bodies, rivers form the largest
network.

Modern approaches to the study of anthropogenic impact on water
intakes and in river valleys are based on the ecosystem or basin approach,
which consists in a comprehensive assessment of the use of water and land
resources, the structure of landscapes and their pollution [3].

Soil cover is one of the main components of the environment, performing
vital biosphere functions [9]. Soils participate in the process of regulating the
quality of surface and underground water, the composition of atmospheric
air, are the habitat of most living organisms on the land surface, provide
a favorable environment for humans and the production of agricultural
products [8]. In the decisions of the World Conference on Environment
and Development, it was stated that the protection and rational use of soils
should become a central link state policy, since their condition determines
the nature of human life and decisively affects the environment. The main
factors of anthropogenic impact on soils are violations of the rules of soil
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cultivation, application and storage of protection products and fertilizers,
generation of industrial and household waste, emissions of pollutants and
radionuclides, inflow of polluted wastewater, etc.

One of the consequences of the excessive impact of economic activity
on the surrounding natural environment is a noticeable decrease in the
productivity of natural and anthropogenic landscapes due to the loss of soil
fertility due to the progressive development of their degradation processes
(erosion, deflation, dehumification, compaction, acidification, salinization,
salinization, waterlogging, waterlogging, pollution, etc.) [7; 8; 10]. All this,
ultimately, leads not only to the ecological destabilization of land use, but
also to the deterioration of the environment and human health, and also limits
the socio-economic development of the country. It is through the urgent task
of today should be the gradual restoration of disturbed ecosystems to a level
that will guarantee their stability in the future. The issue of protection and
reproduction of soil fertility should become a problem of the state's national
security [7]. Intensive economic activity in the basin of any river significantly
affects the quantitative and qualitative indicators of its condition and leads
to certain anthropogenic loads. Therefore, one of the important issues today
in the field of environmental protection and rational use of natural resources
is the ecological situation in the basins of medium and small rivers. Modern
extensive use of water and land resources in these ecosystems led to the
disturbance of the ecological balance and the emergence of such problems
as: pollution of water bodies, destruction of natural landscape complexes
of river valleys and adjacent territories, engineering reconstruction of
riverbeds and floodplains as a result of reclamation works [1; 2; 33-38].

Analysis of recent research and publications. In Ukraine, V. Khilchevskyi,
A. Yatsyk [12], O. Klymenko, Y. Hryb, O. Obodovskyi, I. Kovalchuk,
S. Kukuruza, M. Kyrylyuk, Ye. Hopchenko et al. According to the results
of their research, it was established that livestock grazing, drainage, and
even more plowing of floodplains led to the degradation of river valleys
and floodplains. As noted by M.O. Klymenko and O.A. Liho [5; 6; 16-20;
70-74] the basin of the small river is a complex self-regulating system that
has the ability to function regardless of changes in external conditions.
Establishing the anthropogenic impact on the basin of small and medium-
sized rivers in the existing socio-economic conditions is important, because
the possible loss of these ecosystems will lead to a number of more global
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environmental problems (reduction of the water level of first-order rivers,
loss of valuable biological species, etc.) [56; 64; 67]. Therefore, there is
now a need to develop a strategy for their revival, the scientific basis of
which is real information about the ecological state of river water intakes.

3. Water resources of Ukraine

Water resources are reserves of surface water suitable for human use
in any form and need, as well as glacier water, atmospheric water vapor,
soil moisture. In the narrow sense under the water resources of large
territories understand the value of the average annual flow of rivers per
year (m?). When assessing the water resources of individual regions,
reserves of underground, lake and other types of water are also taken
into account [1; 23; 57-64].

In modern science and practice, the concept of "water resources” in
the broadest sense means all the waters of our planet, that is, surface and
underground water, ground and underground waters, mountain and polar
glacier waters, sea and ocean waters, atmospheric waters and waters of artificial
water bodies. objects. According to the needs of material production, water
resources should be understood as usable reserves of surface and underground
waters of a certain territory. These are mainly fresh waters (rivers, lakes,
reservoirs, glaciers, ground and underground waters). However, due to the
fact that groundwater, as well as the waters of lakes, swamps and glaciers are
currently used relatively little and all of them are connected with the waters
of rivers, the water resources of large territories and states are understood
only as the average annual flow of rivers. When assessing the water supply of
individual regions and economic districts, reserves of underground, lake and
other types of water can also be taken into account.

Water is one of the most important natural resources. First of all, this
concerns fresh water, which Academician O. Fersman called "the most
important mineral on Earth". Fresh water reserves on the globe (97% of all
its reserves are in seas and oceans) are limited [1]. They make up only 3%,
of which 2% are in polar glaciers, and only 1% is in a usable liquid state.
Water availability per person per day is different in different countries of
the world. In a number of countries with a developed economy, the threat of
water shortage is looming. The shortage of fresh water on Earth is growing
exponentially.
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Water resources of Ukraine — volumes of surface, underground and
sea waters of Ukraine. Water resources act as a source of industrial and
economic and drinking water supply, and therefore play a decisive role
in the development of the entire national economy and in the life of the
population [14; 34-43].

Due to the specific features that distinguish them from other natural
resources (high dynamism and interconnectedness, which is explained by
the objective processes of the water cycle in nature), water resources can
be used multiple times and for different purposes, which allows optimizing
the use of water.

The water resources of our planet are about 1.5 billion cubic meters.
km However, 98% of them are salty waters of the World Ocean, and only
28 million cubic meters. km — fresh water. But thanks to the technological
possibilities of desalination of salty seawater, the water of oceans and salty
lakes can be considered as potential water resources, the use of which is
quite possible in the future.

River runoff resources of Ukraine amount to an average of 87 billion
cubic meters. m per year (in a low-water year, this indicator decreases to
56 billion cubic meters). The river network of Ukraine consists of more than
71,000 rivers with a total length of more than 170,000 km. Its average density
is 0.25 km/km?. Almost all rivers belong to the basins of the Black and Azov
Seas, and only 4% belong to the Baltic Sea. Ukraine's water resources are
formed mainly due to the flow of the Dnipro, Dniester, Siverskyi Donets,
Pivdennyi Bug, and Tisza rivers, on which reservoirs are built. The specific
supply of river runoff in Ukraine is about 1,000 cubic meters. m per person
per year, which is 2.5 times lower than in Germany and Sweden, 3.5 times
lower than in France and 5 times lower than in England.

Water resources of Ukraine consist of local runoff, which is formed in
the river network on the territory of Ukraine, and the flow that enters the
territory from the adjacent areas along the Dnieper (and its tributaries), the
Dniester, the Seversky Dinets, the Danube and other rivers.

The main source of feeding rivers and the formation of water resources
of Ukraine is atmospheric precipitation, which falls on average per year
at 366 km® (or 609 mm). However, only a small part of them (about
50 km?®, or 83 mm) forms the annual runoff. The rest of the moisture is
spent on evaporation. On average, 159 km® of water enters the territory
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of Ukraine per year from outside its borders. So, the total water resources
are 209 km?*-123 km? flows into Ukraine via the Kilii mouth of the Danube
(the total average annual flow of the Danube is 203 km?), 36 km® via other
rivers [41-44].

Thus, Ukraine has quite significant total water resources. In at the same
time, according to the reserves of local water resources per inhabitant
(about 1 thousand m® per year), Ukraine is one of the countries with a
low water supply — on average in Europe, water resources per capita are
5.2 thousand m? per year The total water resources of the rivers of Ukraine
are about 87 km?® (excluding the Danube). They consist of local river
runoff — 52 km?, as well as transit runoff — 35 km? The specific
water resources of local runoff per 1 km? area in Ukraine are almost
87 thousand m’/year, and the total — 144 thousand m*/year. Fresh under-
ground water in general recovers very slowly, its estimated reserves amount
to more than 27 km?, of which 8.9 km? are not related to surface runoff.

Water resources experience significant fluctuations in time and very
unevenly distributed across the territory of Ukraine. A negative factor that
limits the possibilities of using available water resources is the deterioration
of water quality due to the discharge of wastewater into water bodies, as a
result of which water becomes polluted, loses its useful qualities and often
becomes unsuitable for certain types of use. Water resources on the territory
of Ukraine are distributed as follows: in the north they are sufficient, but the
southern territory has a water deficit due to the intensive development of
irrigated agriculture.

To improve water consumption in the central part and the south of
Ukraine, anumber of canals were built: North Crimean and Main Kakhovsky
trunk canal, Siverskyi Donets-Donbas, DniproDonbass, Dnipro-Kryvyi
Rih, Dnipro-Ingulets, Danube-Sasyk and others.

In the scientific literature of the last decades, devoted to the study
hydrological and water management features of Ukraine, it was traditional
to show an acute shortage of water resources. In dry years, this deficit
occurs. Recently, due to the prolonged economic crisis, water consumption
in the country has significantly decreased. At the same time, certain climate
changes took place in Ukraine. Therefore, a trend towards an increase in
the natural river flow began to be traced, and the water deficit decreased.
Significant floods have become more frequent in the western region.
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4. Hydrology of the Vinnytsia region

The hydrography of the Vinnytsia region is represented by a dense
network of rivers, lakes, ponds, swamps and underground waters.

Water bodies in the region are represented by rivers, streams, reservoirs
and ponds. According to the data of the Land Cadastre and accounting data
of the Regional Agricultural Service, the total area of the water fund of the
region is 108,258 hectares, including occupied [34; 35; 58-65]:

—rivers and streams — 9019 ha;

—reservoirs and ponds — 31,719 hectares;

— canals, collectors and ditches — 1401 ha;

— hydrotechnical structures — 386 hectares;

— open wetlands — 29,576 ha;

— coastal protective strips — 41,222 hectares (including 4,723 hectares
of swamps).

The rivers of the region [19; 58] belong to the basins of the Southern
Bug, Dniester, and Dnieper (the Ros River), which account for 62.28 and
10 percent of the territory of the region (Table 1). They are mainly fed by
snow and rain and belong to the type of plains. The density of the river
network in the region is 0.14-0.21 km per 1 sq. m. km (taking into account
rivers less than 10 km long). River valleys are 1 to 2 km wide. The height
of the slopes of the valleys reaches 180 m. These slopes are moderately
steep, but sometimes they are also steep. In the floodplains of rivers there
are mostly meadows or shrubs, sometimes — swamps.

The tributaries of the P. Bug and Dnipro are characterized by a slight
slope of the channel, the tributaries of the Dniester are hollow. Rivers are
fed by rain (48%), snow (25%) and underground water (27%).

Hydrocarbonate-calcium water mineralization. Almost all rivers
of the region are characterized by a water regime with a noticeable
spring flood. They are used for drinking and technical water supply,
shipping, land irrigation and hydropower. The main supplier of water
in the region is the rivers of the Southern Bug basin — this amounts to
112.8 million m? or 97.9% of the region's water intake, the catchment
area is 16,400 km?.

In general, the rivers of the Vinnytsia region can be divided into the
following categories (Table 1) [58; 60; 61]:

1. Large rivers — 2 (Southern Bug and Dniester).
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2. Medium rivers — 4 (Sob, Girsky Tikich, Muraba, Ros).

3. Small rivers (less than 10 km long) — 226.

4. Streams (less than 10 km long) — 3368.

A total of 3,600 rivers flow through the territory of the region, with
a total length of 11,800 km. The average density of the river network is

0.45 km/km?.
Table 1
River network of Vinnytsia region
- - . Numberof | - g | = Py
> g §_ = small rivers | 2~ | ¥ £ %
ol g g ) g2 S 2%
2 £ Sg | B |wg| 2| 2 |2EE
g < B - =2 2 | EE| 22| EE|EEF
=) ) 5 T | B | =5 | % Z - E
g & 3 3 SV |53 |% |82
= z R S|EL|8E|2 |A¢%
Southern Bug 16400/ 63700 [ 352 /806 | 2227 | 2086 | 6748 | 4046 0,43
Sob 2600 /2840 115 365 340 1144 730 0,48
Mountain Tikich 118 /3511 11/167 21 20 67 56 0,56
Dnister 7500 /59690 | 166/925| 910 860 2931 | 1600 0,41
Murafa 2410 163 258 239 804 412 0,40
Dnipro 2600/292700| 0/ 1121 | 457 422 1256 754 0,48
Sluch 10/ 13800 0/451 4 3 4 2 0,40
Teterov 670/ 15100 0/365 124 114 344 210 0,53
Ros’ 1920/ 12600 | 58 /346 | 329 305 908 542 0,50
Together 26500 865 |3594 | 3368 |10935| 6400 | 0,45

in the region

Therivers of the region are characterized by a high degree of regulation
by artificial reservoirs — reservoirs and ponds. Vinnytsia Region has
65 reservoirs (including 2 reservoirs of the Dniester Cascade) with a
total area of 11,200 hectares, and there are more than 4,000 ponds with
a total area of more than 20,000 hectares. The saturation of ponds in
Vinnytsia region is one of the highest in the country. Most of the ponds
and reservoirs are in the basins of large rivers. There are no natural lakes

in the region.

The rivers of the region are also characterized by a significant channel
slope (especially in Transnistria). In connection with this, their flow is
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very fast (0.2-0.7 m/sec). The riverbeds are winding. Some of them have
thresholds. In most rivers, depths of 0.3-0.8 m predominate, in floodplains
they increase to 1.5-4 m. At the end of November — at the beginning of
December, ice formation begins on the rivers of the region, which sometimes
lasts for 1-1.5 months. Due to the fact that there are mostly thaws in
Vinnytsia in winter, the rivers are crossed and freed from ice several times
during the winter. The melting of the ice on the rivers begins already at the
end of February and the beginning of March. The earliest ice begins to melt
on the rivers of Transnistria. The rivers of the Dniester basin are freed from
ice in the first half of March, the Southern Bug and Rosa basins — at the end
of March.

In February-April, the rivers of the region carry 45-55% of the annual
water flow, in May-November — 35-40%, in December-January — 10-15%.

The largest river that flows through the territory of the region for
a considerable length (317 km) and divides it into two almost equal
parts is the South Bug. The length of the Southern Bug is 792 km, the
area of the basin (together with Ingul) is 63,700 square meters. km The
Southern Bug is the third largest river in Ukraine. It originates on the
Volyn-Podilsky upland near the village. Kupela in the Khmelnytskyi
region at an altitude of 340 m above sea level. After receiving the
Buzhok, Vovk, and Ikva tributaries, the Southern Bug near the villages
of Guli and Dumenka (Khmilnytskyi district) enters the territory of the
Vinnytsia region.

From Khmilnyk to Gushchynets (Kalynivskyi district), the river carries
its waters in a southeasterly direction. The valley here is narrow throughout
(up to 600 m) and has an asymmetrical shape. The right bank is high and
rocky, the left bank is lower, partly swampy, especially in the mouth of the
Snyvoda and Postolova.

From Gushchynets to Gnivani, the Southern Bug flows in a southerly
direction. At the Vinnytsia — Sabaryv section, the river enters the band of
distribution of crystalline rocks. Its valley here is compressed by granite
banks that rise to 30-50 m. The width of the river does not exceed 300 m.
The width of the river bed in the Vinnytsia region is 100-130 m, and below
the Sabarivskaya HPP dam — 70-85 m.

Below Vinnytsia, terraces (the first floodplain, the second and the
third) can be distinguished on the Southern Buza, which are most clearly
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identified around Selyshche (Vinnytsia district), Hnivani and Sutysok
(Tyvrivskyi district).

Near the village There are rapids and rapids on the Yuzhnoye Buza
ridge, there are also them in the section Rogizna (Nemirivskyi district) —
Pechora (Tulchynskyi district). Large granite barriers project into the
river bed near c¢. Korzhovoy. In general, in the area from Vinnytsia to
the exit of the Southern Bug, outcrops of granite rocks can be traced in
the river bed and valley. The Southern Bug has the fastest current in the
sections Rogizna — Sokolets, Pechora — Hlybochok. This structure of the
bed and banks is very convenient for the construction of hydroelectric
power stations.

The Southern Bug usually freezes in the second half of December and
freezes in March. The flood lasts from the first half of March to April 15,
with deviations in individual years. The water level in the river rises by
3-3.5 m, but in some years it can be even higher. During a spring flood,
the river is high for about 15 days. It depends on the thickness of the snow
cover on the fields. The thickness of the ice is 35-45 cm, rarely reaches
85-100 cm.

Summer floods occur in May-June, when the most rain falls. However,
they are insignificant.

The Southern Bug within the region receives 14 tributaries from the left
side and the same number from the right.

Near the village Mizyakov (Kalynivskyi district) from the right into the
Southern Bug flows the Zgar River, which originates in the territory of the
Khmelnytskyi region. The river valley has a slight slope of the bed and is
very swampy. The terraces rise up to 4 m above the floodplain and stand
out well near Mykulynets and Bagrynovets (Lytyn district). In a number of
places, in particular, near Suprunov (Lytyn district), granite outcrops occur
along the banks of the river.

A little lower into the Southern Bug flows the Riv River, which flows
in a strip of spread of Sarmatian sediments. The river valley is narrow and
deep. A chain of ponds stretches along the entire length of the valley from
Bar to the mouth.

In the lower reaches, between Brailiv and Demydivka (Zhmeryn
district), the River, having cut through the Sarmatian sediments, already
flows in a granite bed.
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Small rivers flow from the Dniester-Buz watershed, the right tributaries
of the Southern Bug — Vyshnya, Krasnyanka, Shpykyvka, Trostianets,
Dokhna, Savranka. There are many ponds in the valleys of these rivers.

The largest left tributary of the Southern Bug is the Sob. It flows
completely within the boundaries of the region. Its length is 125 km.

The source of the Sobi River is located northwest of the village. Zozova
(Lypovetsky district). The Sob receives about 25 tributaries (Pohanka,
Skakunka, Sobyk, Kublych, Soroka, Verbych, etc.), its channel is laid in
crystalline rocks and products of rock denudation. Granite outcrops are
observed, for example, in Lipovka, and limestone outcrops can be found
near the village of Attacks

The width of the river in the middle course is 5-10 m, at the mouth —
50 m, the depth — 1.5-2 m.

A three-kilometer sand terrace stretches along the left bank of the Sobi
River from Gordiivka (Lypovetskyi district) to Zhadanov (Illinetskyi
district), and near Kitay-gorod it widens to 10 km, in some places the
sand is piled up. Between Dashev and Gaisyn in the Sobi valley there are
significant wetlands. There are large ponds in the Sobi basin (for example,
Dashivsky), smaller ponds are found every 7-8 km along the river valley.

Through the Khmilnytskyi and Kalinivskyi districts, the Snyvoda River
carries its waters to the Southern Bug, on which there are large reservoirs
near Stariy and Novy Pykov. The river terraces are well exposed northwest
of Ivanovo.

The Postolova River flows into the South Bug from the left. Its length
is 38 km. There are marshy areas in the mouth of this river. Ponds were
formed in the valley near the villages of Glynska, Guliivets, and Hrushkivka
(Kalynivskyi district).

Near the village Stryzhavky (Vinnytsia district) Desna River flows into
the Southern Bug from the left (length — 81 km). Its valley is wide and
swampy; the small slope and slow current contribute to the accumulation
of silt in the river. The banks of the river are overgrown with swamp
vegetation. There are large ponds near Novaya Hrebla (Kalynivskyi district)
and Turbova (Lipovetskyi district). This leads to the slowing down of the
flow and siltation of the riverbed, as a result of which there is a need to
systematically clean the ponds and eliminate the appearance of swamps
along the banks.
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In the southwest, on the border with the Chernivtsi region and Moldova,
flows the second largest river of Ukraine — the Dniester. Within the
boundaries of Podillia, this river, delving into the layers of sedimentary
rocks, forms a winding bed. In some places, it penetrated to the native
rocks, which is why rapids were formed here on the river (for example, near
the village of Porogiv, Yampil district). The Dniester valley is not wide,
sometimes steep rocks rise above the water at 60-80 m (near the villages
of Lyadova and Bronnytsia, Mogilev-Podilsky District). On the Dniester,
there are two floods — spring, caused by melting snow, and summer — during
the period of rains in the Carpathians.

Flowing from the Dniester-Buz watershed, the left tributaries of the
Dniester have a fast current, their narrow and deep canyon-like valleys are
completely devoid of terraces, and the steep banks, composed of sandstones
and limestones, form cliffs of amazing shapes.

The rivers of the extreme northeast of the region belong to the Dnipro
basin. They only partially flow through the territory of the region.

On the slopes of the Dnieper Highlands, between the villages of
Levkivka and Ordyntsy (Pogrebyshchensky district), the Ros — the right
tributary of the Dnieper — originates. In the far north-east of the region,
the Orikhova and Rostavitsa rivers flow — the left tributaries of the Rosi,
Roska — the right tributary. In the north of the region, Hnylopyat and Guiva
(in the Kozyatyn district) originate. Both of them are right tributaries of the
Teterev (tributaries of the Dnieper).

Groundwater in Vinnytsia region has a significant influence
on soil formation, mainly in river floodplains (Figure 1). In these
places, they lie close to the surface (0.5-1.0 m), or (seasonally) come
out, causing the formation of meadow, marshy soils and peatlands.
Common sources. The creation of a wide network of ponds contributes
to raising the level of ground water in the floodplains and, therefore,
to waterlogging of the soil.

Groundwater in the region is characterized by the absence of a noticeable
amount of easily soluble salts. The main place among the mineral residue
is occupied by calcium carbonates. Only in groundwater formed on
Sarmatian, Baltic, and red-brown clays, an increased amount of mineral
salts is sometimes observed.
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Figure 1. The main aquifers and their forming rocks
in Vinnytsia region (in the original language)

Source: [47]

5. Ponds and lakes of the Vinnytsia region

The inland waters of the region include numerous ponds. There are
about 2,500 ponds here, their total area exceeds 20,000 hectares.

The saturation of ponds in the Southern Bug basin is very high and
occupies one of the first places in the republic; it is 4-5 times higher than on
the Polish rivers of Ukraine.

The largest man-made reservoirs are in the valley of the South
Bug River. First of all, the Ladyzhyn reservoir (popularly known as the
Ladyzhyn sea) covers an area of 2,200 hectares and spilled 50 km upstream.
In this reservoir, the water level near the dam has been raised by 17 m. Its
volume can be judged from the fact that one centimeter of the level contains
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170 cubic meters. m of water 20 thousand cubic m of water contains the
Hlybochytsky Reservoir. The Sandratsky and Sutyske reservoirs, as well
as the Dmytrenkivske reservoir on the Sobi River, should also be included
among the large artificial reservoirs on the South Buza.

Swamp Swamps on the territory of Vinnytsia are located along river
valleys. Most of them are in the northern and central parts of the region.
The largest areas of swamps are along Zgar (7.4 thousand ha), Rovu
(6.2 thousand ha), Rivets (5.4 thousand ha), Sobi (5.0 thousand ha), Sovran
(4.6 thousand ha), Postolova (3.8 thousand ha), Desna (3.1 thousand ha).

Soil moisture conditions. The level of groundwater availability depends
primarily on climatic conditions and the degree of dismemberment of the
locality. The nature of the lithological composition of parent and underlying
rocks also has a significant influence on the formation of the groundwater
horizon and the degree of their mineralization.

Since fragmentation is significant in most of the territory of the region,
and water-resistant rocks usually lie deep, the level of groundwater on the
plateau and slopes covered with loess rocks is at a considerable distance
from the surface (more than 10-15 m) and therefore, they do not affect soil
formation.

On areas of the plateau and slopes in the southern part of the region,
where waterproof clays are close to the surface, atmospheric precipitation is
delayed, forming a horizon of the so-called "head water", which contributes
to the formation of marshy soils.

On the terraces of the Southern Bug, Dniester and many of their
tributaries, groundwater lies at a shallow depth (5-10 m), and in flat
depressions it approaches the surface (2.5-3.0 m). This is connected with
the formation of semi-hydromorphic and even hydromorphic soils.

6. Problems of using water resources

The territory of Ukraine is covered by a network of river valleys, gullies,
ravines with numerous watercourses: starting from small intermittent
streams to large rivers such as the Dnipro, Siversky Donets, Dniester,
Southern Bug, Ingulets, Tisza, etc. However, recently the quality of their
water has been constantly deteriorating, many of them are threatened with
complete disappearance. It is often not only about the unsuitability of small
rivers as sources of drinking water, but also about the impossibility of using
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their basins by society as a whole. And all because they are all subject to
significant (very often catastrophic) anthropogenic pollution through the
discharge of untreated sewage, planar washing of toxic compounds from
the surface of agro-landscapes, excessive recreational load, littering, etc.
Therefore, at such rates of pollution, the country's population may find itself
without sources of drinking water in the coming years [23].

One of the main problems of using water resources is its contamination
with various toxic chemicals, chemical agents, etc. Today, Vinnytsia is full
of examples of the construction of warehouses for the storage of similar
products under the open sky without compliance with environmental
requirements. Warehouses leak and harmful substances from the soil enter
the underground water, which feeds surface water. Improper application of
mineral fertilizers into the soil also leads to the entry of harmful substances
in surface and underground water. Considerable damage to the hydrographic
network is caused by large enterprises that throw out tons of garbage,
chemicals, detergents, etc. every year. The biggest polluters of water are
sugar factories, which dump thousands of cubic meters of polluted effluent
into the water [3]. The problem of drinking water is very acute, especially
in cities. There is a great shortage of water in the south of the Cherkasy
region [42].

The reason for this, in addition to natural factors, is irrational human
use of natural resources. Yes, due to unreasonable human intervention
in nature, rivers become thinner, and some even dry up. As a result, the
level of ground water drops, the supply of drinking water even in villages
becomes problematic [23].

The issue of protection, integrated use and restoration of the balance of
the natural environment occupies one of the leading places in the ecological,
economic, political and social life not only of individual states, but also
of entire continents. Natural landscapes changed under the influence of
economic activity, progressive pollution of the human habitat caused the
deterioration of the quality of life, and negatively affected demographic
characteristics [34].

The development of the water management complex must meet certain
socio-economic and environmental requirements. The socio-economic
aspect of these requirements involves the implementation of measures
aimed at improving the territorial and sectoral structure and technologies
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of water use, providing quality water and preserving the health of the
population, promoting the stable development of regions; international
cooperation in the field of water fund use and protection; taking into
account environmental restrictions and requirements when making social
and economic decisions [37].

In recent years, the nature of the effect of public production on water
bodies has intensified: changes in the conditions of formation of surface
runoff as a result of processes of urbanization, industrialization of
landscapes, intensification of rural and forestry; increasing the polluting
effect of air transport of harmful emissions of industrial production for
many kilometers, which leads to acid rain [14-22].

In this matter, the works of domestic and foreign ecologists,
economists, who are devoted to the problems of the economy of nature
use and environmental protection in the conditions of reforming land,
water, and forest relations, and the formation of a market economy, are of
significant scientific interest. In particular, a number of scientific works by
S. Doroguntsov, B. Danylyshyn, L. Horev, R. Ivanukha, V. Mishchenko,
N. Kovshun, M. Palamarchuk, V. Palamarchuk, M. Reimers, Yu. Tunitsa,
M. Khvesyk, V. Shevchuk, E. Khlobistova, V. Tsemka, O. Yarotska is
dedicated to the study of water conservation activities aimed at the rational
use, preservation and reproduction of water resources in the general complex
of environmental protection measures.

In the conditions of a market economy, the need to actively use
economic tools to improve the process of water use is becoming more
and more important. The urgency of introducing market incentives for
its rationalization is reinforced by Ukraine's chronic budget deficit and a
significant reduction in state investments in water protection activities.
But precisely thanks to the implementation of reliable economic and legal
mechanisms for the improvement of water systems, such conditions of
production activity would be created, under which it would be beneficial
for business entities to comply with water protection requirements, reduce
the amount of pollution and prevent their occurrence.

The ecological aspect of the development of VHC involves a set of
measures that ensure the protection of water resources and the rational use of
water resources; increasing safety when using chemical substances; solving
the waste problem. Therefore, today the need to actively use ecological and
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economic tools to improve the process of water use is gaining more and
more importance.

Long-term forecasting of water consumption in many countries is based
on the use of various mathematical models and methods using data on
regional economic development and taking into account environmental,
cultural and social factors. In many countries, there is a process of reduction
in the number of the rural population and expansion of cities with the
development of industry, which determines the creation of centralized
water supply systems for 95% of the population in 2015-2025. As a
result of increasing the level of water supply, many experts express the
opinion of a possible increase in the rate of specific water consumption to
400-500 1I/day per person.

Therefore, the need to ensure the optimal use of water resources
determines the long-term forecasting of water management measures
for a period of 15-30 years, taking into account environmental, social
and radioactive pollution factors, as well as the implementation of broad
programs of replenishment and stabilization of operational resources of
underground water [7].

Special attention should be paid to the quality of water sources in
drainage areas. Although the presence of pesticides and herbicides in
the water sources of the drained territories is not registered by official
reporting, however, there is a real danger of contamination by these
ingredients when expanding the areas of irrigation and irrigation. That
is why it is necessary to carry out preventive measures to protect water
bodies from pollution, which would include a complex of agromelioration
works, the creation of water protection zones and strips, impermeable
screens around pollution zones, hydraulic watersheds in plan and
vertically between local areas of pollution and aquifers. At the same
time, it is expedient to organize small rivers with a complex of works on
the decontamination of the territory.

In order to increase the economic efficiency of water supply and solve
the issues of protection and reproduction of water resource potential, it is
necessary to introduce an economic cadastral calculation of underground and
surface waters according to their value and to determine the economically
optimal parameters of water supply and water consumption from a public
perspective. And installation the same tariffs for all water consumers will
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make it possible to economically interest enterprises and the population in
saving water, which will result in huge cost savings in the region.

Implementation can be the solution to such problems new technological
production processes, transition to closed ones (sewageless) water supply
cycles, where treated wastewater is not discharged, but reused. An effective
method of drastically reducing the use of water is the transfer of production
to water-free and low-water technological processes, the introduction of
air cooling. Among the radical measures in the "future" is a ban on the
use of underground water for non-drinking purposes. The proven method
of developed countries is the construction of new, more efficient water
treatment facilities, reducing the waste of enterprises, but such a prospect is
illusory in "crisis" Ukraine.

Water economics is vital to achieving sustainable development goals
and other relevant social, environmental and economic goals. The article
discusses the importance of complex water control, with an important
component of which is work from the public, this is ecologically educated
education and education on the preservation of healthy ecosystems and
strengthening of human well-being.

7. Practical value and conclusions

Therefore, taking into account the great importance of water resources
in the development of the national economy not only in the Vinnytsia
region, but also in the country as a whole, the problem of balanced,
scientifically based, ecologically safe water use and dynamic development
of water management is extremely relevant. complex of Ukraine. To protect
the natural environment and land in the Vinnytsia region, it is necessary
to ban the use of pesticides, developing biological, agrotechnical and
mechanical (machine) methods of pest control agricultural crops: reduce
nitrogen fertilizer rates; organize control over the level of pollution of the
environment and food products.

The problem of ensuring the proper ecological state of the water
resource potential remains relevant for all regions of Ukraine. Practically
all surface and a significant part of underground water resources, especially
in the areas where powerful industrial and agricultural complexes are
located, experience anthropogenic influence, which is manifested in
pollution, depletion and degradation of these objects. Economically
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developed catchment areas are subject to significant transformations,
which significantly changed the nature of the formation of runoff and the
water regime of many water bodies. It was established that the largest
river that flows through the territory of the region for a considerable length
(317 km) and divides it into two almost equal parts is the Southern Bug.
The length of the Southern Bug is 792 km, the area of the basin (together
with Ingul) is 63,700 square meters. km The Southern Bug is the third
largest river in Ukraine. It originates on the Volyn-Podilsky upland near
the village. Kupela in the Khmelnytskyi region at an altitude of 340 m
above sea level. After receiving the Buzhok, Vovk, and Ikva tributaries,
the Southern Bug near the villages of Guli and Dumenka (Khmilnytskyi
district) enters the territory of the Vinnytsia region.
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Abstract. The work is devoted to the study of the expediency of
using siderates for indicators of the agro-ecological state of the soil in
the conditions of modern intensive crop rotation. Fertility indicators
and soil contamination with heavy metals were studied. Correlation-
regression dependencies between the studied factors were established
and calculated. The purpose. Study of the siderates on the agro-ecological
condition of the soil. Result. It was established that the biological mass of
siderates, worked into the soil, helps to increase the content of humus by
0.11-0.14%, alkaline hydrolyzed nitrogen — by 1.7-7.1%, exchangeable
potassium — by 27.4-32.2%. The highest content of humus in the soil
is provided by siderates of peas and winter rapeseed — 2.44% each,
alkaline hydrolyzed nitrogen — 127 mg/kg — peas, mobile phosphorus —
520 mg/kg — winter wheat, exchangeable potassium — 230 mg/kg — winter
rapeseed, the largest amount of absorbed bases — 16.8 mg-eq./100 g —
peas, the lowest hydrolytic acidity — 1.60 mg-eq./100 g — winter wheat,
the highest pH value 5.85 — spring barley. Value/originality. 1t was
determined that the cultivation of siderates leads to an increase in the
content of mobile heavy metals in the soil by 17.2-24.3%, cadmium — by
10.0-14.3%, copper — by 17.6-22.2%, zinc — by 34.7-39.9%, compared
to the version without siderates. Among the studied siderates, the lowest
content of lead in the soil — 1.28 mg/kg and cadmium — 0.20 mg/kg is
provided by winter rapeseed; copper — 0.51 mg/kg — peas and winter
rapeseed; zinc — 1.73 mg/kg — spring barley.
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1. Introduction

Soil, as a natural resource, is constantly subject to natural and
anthropogenic influences. The influence of natural factors occurs
continuously, but mineral and organic substances are in balance, thanks to
which the natural course of geological processes is not disturbed.

Anthropogenic influence on soils causes their degradation, leads to a
decrease in the productivity of agricultural lands. In Ukraine, the ecological
consequences of soil degradation and deterioration of their quality have
become particularly acute in the modern period due to the use of land as
the only means of subsistence in conditions of survival at the expense of
natural soil fertility, without compensation for its costs. High productivity
of land in this case is ensured by applying high rates of mineral fertilizers
and pesticides.

This leads to a merciless depletion of the natural fertility of soils,
which is called degradation. Soil degradation leads to the deterioration of
soil properties, fertility and quality, its contamination with chemical toxic
substances, which is caused by a change in the conditions of soil formation
due to the influence of natural or anthropogenic factors. Degradation of soils,
and often their complete exclusion from agricultural use, occurs as a result
of the processes of water and wind erosion, dehumification, decalcification,
over-compaction by agricultural machinery, irrational operation of irrigation
systems, which leads to flooding and waterlogging, secondary salinization
and salinization of soils; due to violations of agricultural technology,
overgrowth with weeds and shrubs, unbalanced application of mineral
fertilizers, pollution with toxic substances, radionuclides, unregulated
livestock grazing, etc.

As a result of such anthropogenic intervention, soils lose their natural
stability, which leads not only to a decrease in their productivity, but also to a
complete loss of soils and their removal from cultivation. The consequence
of this can be not only a decrease in the productivity of crops, but also a
significant deterioration in the quality of the grown products, which not
only reduces their nutrition, but also accumulates toxic substances: heavy
metals, pesticides, radionuclides, salts and acids, oil products.

The degree of soil resistance to chemical pollution is characterized by
such indicators as the humus composition of the soil, acid-base properties,
oxidation-reduction properties, cation-exchange properties, biological
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activity, the level of groundwater, the proportion of substances in a dissolved
state, etc.

A situation has arisen where the intensive use of heavy machinery in
soil cultivation, the application of pesticides and mineral fertilizers, and
chemical preparations violate the natural laws of evolution. Self-regulation
in living nature was broken, which weakened the self-defense of plants,
animals, and humans.

For along time, the application of organic fertilizers in the form of manure
was a factor in restoring and stabilizing the agro-ecological condition of
soils, and therefore a factor in improving the quality of products grown
on them. In modern conditions, due to the lack of animal husbandry, it is
impossible to solve this problem by adding manure. Therefore, one of the
most important ways to restore such soils can be the maximum return to the
soil of the plant mass of crops that are not used for economic production
and their waste. Such substances can be siderates, as well as by-products of
crop production in the form of stubble, straw, stalks, tops, etc. The question
of the influence of these organic substances on the productivity of crops of
the following crops in crop rotation has been studied at a sufficient level
by Artemenko V. (2003), Berdnikov O.M. (2004), Makarova G.A. (2008),
Gospodarenko H.M. (2012-2016), Razanov S.F. (2020), Pantsyreva H.V.
(2020) and others.

At the same time, the change in indicators of the agro-ecological state
of the soil, in particular the content of nutrients, acidity, heavy metals and
other toxicants in it, as well as the influence of siderates and plant waste
on the quality and ecological safety of the grown products, has not been
studied enough, which determines the relevance of the chosen topic.

2. Analysis of recent research and publications

The relevance and significance of the problem of reproduction of
soil fertility in agricultural production is due to the sharp contradiction
between the need to ensure sustainable development of the agricultural
sector of the economy and the intensive development of soil degradation
processes that make it impossible to sustainably reproduce soil fertility.
The main reason for this situation is the dominance of an unbalanced
deficit system of agriculture in Ukraine, due to which the most fertile
chernozems in the world have turned into soils with an average level of
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fertility and continue to deteriorate, and the harvests of recent years are
mostly the result of a decrease in natural fertility and the impoverishment
of its potential part [1-3].

In the agriculture of Ukraine, 79% of profit is obtained due to natural
fertility and only 21% is the result of the introduction of technologies.
At the same time, there is an "ecological eating away" of profit, since the
losses from the decrease in soil fertility are close to, and in some years
higher than, the profit from the sale of products by agricultural enterprises
of Ukraine. Thus, in 2010, from 18.5 million hectares of arable land, on
which the main groups of crops were grown, 2.38 million tons of nitrogen,
phosphorus, and potassium were irretrievably lost, amounting to more than
UAH 16.3 billion. However, this is only the cost of fertilizers, and the costs
of their application are not taken into account. According to other data, the
annual economic costs from the shortage of products due to soil erosion in
Ukraine in general are estimated at 1.5 billion US dollars, and together with
the incurred costs — about 2 billion dollars [4; 5].

In order to stop these negative processes, it is necessary to make wider
use of natural ways of restoring and replenishing the reserves of organic
matter in the soil, thanks to which not only the degradation processes in
the soil will stop, but also the yield of plants grown on them will increase
and the costs of their cultivation will decrease. In conditions of shortage
of organic fertilizers in the form of manure, emphasis should be placed on
green fertilizers — siderates [6; 23].

Green fertilizers (siderates) are fresh plant mass of specially grown
crops, partially or completely worked into the soil to increase its fertility
and improve the nutrition of subsequent plants with nitrogen and other
elements. These cultures are called siderates, and the practice itself is
called sideration, green manure is understood as the application of not
yet dead green juicy biomass of plants, rich in sugars, starch, protein and
nitrogen, to the soil, as well as their roots, which were still functioning at
the time of tillage. This fundamentally distinguishes green manure from
the application of other organic fertilizers to the soil, both dry (straw) and
partially decomposed (manure) [7-10].

The production of siderates, like any other organic fertilizers, enriches
the soil with organic substances, reduces its acidity, weediness of fields,
increases buffering, improves the structure of the soil, and activates the



Agro-ecological potential of soil cover of Vinnytsia region

vital activity of soil microorganisms. Their cultivation prevents the loss of
nutrients due to erosion and migration along the soil profile. Sideration is
used in fields far from farms, where it is economically unprofitable to bring
manure, as well as in farms with small production of organic fertilizers, in
specialized farms without animal husbandry. Green fertilizers are of great
importance during the reclamation of produced quarries of non-metallic
minerals and contaminated soils. For example, clover grows well on areas
contaminated with motor oils. To detoxify the soil, trefoil, burgun and sweet
clover are sown [18-21; 37].

The organic substance of green fertilizer can be considered as a
reserve of all nutrients necessary for plants, which are created in the soil
and which are not immediately transformed into an assimilated form, but
gradually, throughout the growing season, ensuring continuous growth
and development of plants. Especially valuable is green manure from
leguminous crops, capable of enriching the soil with nitrogen by fixing it
from the atmosphere with nodule bacteria. In this sense, the planting of
leguminous green-fertilized plants can be called a living factory of nitrogen
fertilizers, which without complex machines, but only thanks to the work of
nitrogen-fixing microorganisms, bind a large amount of free nitrogen in the
air into a useful form of soil organic matter. So, when 10 tons of green mass
of lupine is harvested, the soil is enriched with nitrogen by 54-56 kg/ha,
clover — by 62, peas and fodder beans — by 52, and cornflower — by
59 kg/ha. Itis also important that the soil fertilized with nitrogen accumulated
by leguminous plants does not require additional costs [22-25].

Siderates mobilize nutrients from the lower layers of the soil and move
them into the arable layer. If the application of manure is the return to the soil
of nutrients that were used by plants to create a crop, then the use of green
manure is the mobilization of nutrients from solar energy, the atmosphere,
and the lower layers of the soil, which are not used much [26; 27].

Green fertilizers help restore the normal cycle of organic matter and
nitrogen in the soil. The results of research using labeled isotopes showed
that when white mustard is used in the form of a harvest siderate, the
nitrogen nutrition of barley plants and winter grain crops improved
significantly, mainly due to an increase in the nitrogen utilization rate of
mineral fertilizers by 40-60%. Increasing the resources of additional forms
of nitrogen not only creates more favorable conditions for the growth and
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development of agricultural crops, but also reduces the contamination of the
soil and plant products with nitrates and other harmful substances that can
come with mineral fertilizers [28—32].

The diversity and specificity of sidereal crops requires theoretical and
technological substantiation of their cultivation and fertilization in order
to reduce the anthropogenic load on the surrounding natural environment,
increase the productivity of crop rotations with the reproduction of the
organic component of soils [37; 38].

Depending on the amount of heat, precipitation, local conditions, the
granulometric composition of the soil, the presence of fertilizers and
seeds, the following crops can be sown on siderates: legumes — perennial
and annual lupins, white and yellow burdock, seradella, winter vetch and
mountain vetch, diaper, peas, etc.; cereals — winter rye, wheat, barley,
ryegrass, as well as sown cereal and leguminous perennial grasses, using
the first cut for cattle feed, and the fallow — for fertilizer. In the presence
of nitrogen fertilizers, it is promising to use cabbage crops (winter and
spring rapeseed, winter and spring turnip, oil radish, white mustard, perko),
phacelia, fodder peas and other fast-growing crops and their mixtures for
sideration. Astragalus, mung bean, quinoa, fenugreek, alfalfa, asparagus,
lentils, horse beans, gorse, sabdar, bers, soybean, rye, paiza, Sudan grass
and many others can be used as side crops [39—43].

The rapid dynamics of the climate in the direction of warming
significantly changes the usual ideas about the diversity of the biological set
and the technological capabilities of some long-known cultures. Previously
well-known cultures can manifest themselves under these conditions from
previously unknown sides and demonstrate excellent productivity. It is
advisable to test new crops that tolerate dry periods well, are undemanding
to the soil, and are adapted to growing in deserts. These are plants from
the leguminous family (woolly astragalus; naked, rough and Ural licorice;
small-hairy, mouse and thin-leaved peas; tuberous and meadow plantain;
Don and large safflower; large-flowered fenugreek; false or ordinary camel
thorn), slender-legged (Karelina reed, multi-stemmed hairy and giant sedge,
sedge and Colchis) and many other cultures. The main thing is that the soil
is not empty, but is covered with green cover [44].

The soil and climatic conditions of Ukraine make it possible to sow a
large number of crops on green manure. In regions with sufficient moisture,
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lupine, clover, vetch-oat mixtures, ryegrass, cabbage crops should be sown;
in more arid conditions — vetch-rye, vetch-oat and pea-oat mixtures, peas,
burdock, asparagus [24].

Seradella, lupine and phacelia, which are very demanding on moisture,
grow well on poor sandy soils. Only white lupine and burkun tolerate
carbonate soils well. Thin-legged — winter rye and its varieties (green-eared,
perennial), oats, ryegrass are suitable for poor soils with excessive acidity.
Cabbages need more compact and fertile soils (except for the relatively
undemanding oil radish) [35].

In the first year of operation, the nitrogen utilization rate of green manure
is usually higher than that of manure. In addition, leguminous siderates
have a well-developed root system that penetrates deep into the soil, so they
absorb nutrients from the lower layers of the soil, as well as phosphorus
and other nutrients from poorly soluble compounds. In this regard, during
the decomposition of the earned plant mass, the upper layer of the soil is
enriched not only with organic substances and mobile nitrogen compounds,
but also with phosphorus, potassium, calcium and other elements [13].

In terms of the degree of influence on crop yield, siderates are close to
litter manure at the rate of 20-30 t/ha, and the costs of their production and
application are 2-4 times lower [10].

Therefore, sideration, in addition to replenishing the content of organic
substances and nitrogen in the soil, has such a versatile positive effect on
the soil: the acidity of the soil is slightly reduced, the mobility of aluminum
is reduced, and the buffering capacity and absorption capacity of cations is
increased; soil erosion and degradation is eliminated; soil microbiological
processes are regulated as a result of stimulation of the reproduction of
microorganisms; the structure improves, the volumetric mass and density
of the soil decrease; the water permeability and moisture capacity of the
soil increases significantly; plant diseases are reduced; soil nutrients are
mobilized; weediness of the fields decreases; the efficiency of fertilizers
and liming increases.

In most literary sources, it is noted about the positive impact of growing
siderates on the condition of the soil mainly in generalized phrases, without
clear data on the improvement of certain indicators.

In particular, it is known that siderates replenish humus reserves in the
surface layer of the soil, thus increasing the fertility of the arable horizon,
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enriching it with nitrogen, phosphorus, potassium and other macro- and
microelements useful for cultivated plants. It has also been established that
green fertilizers reduce soil acidity.

At the same time, the issue of reducing soil pollution with toxic elements
remains relevant: heavy metals, pesticide residues, radionuclides, salts and
acids, which, especially today, have increased their danger not only in
relation to soils, but also to accumulation in plant products.

The agrosphere of Ukraine is characterized by intensive agriculture due
to favorable conditions for the production of plant products, one of which
is a large amount of chernozem compared to other countries of the world.
Intensive farming on these soils leads to removal of biogenic elements with
the harvest, which reduces the amount of humus and their fertility. Under
such conditions, there is a need for their constant renewal, which increases
the volume of use of mineral fertilizers. In the conditions of intensive
agriculture, about 130 million tons of fertilizers are used annually, including
70 million tons of nitrogen, 39 million tons of phosphorus, and 26 million
tons of potassium fertilizers [17; 46].

The use of high doses of mineral fertilizers along with the renewal of soils
with nitrogen, potassium, phosphorus and other nutrients increases various
toxicants in them, particularly heavy metals. It is known that with each kg of
ammonium nitrate, 0.5 mg of lead and 0.05 mg of cadmium enters the soil,
with double superphosphate 4.4 mg of lead and 0.05 mg of cadmium, and
with potassium chloride 3.0 mg lead and 3.0 mg of cadmium [19; 40].

Analyzing the safety of food products in Ukraine in recent years, it was
found that they exceeded the hygienic standards regarding the content of lead,
cadmium and mercury. It was established that about 10% of food samples
contain salts of heavy metals, half of which exceed the MPC [36; 45].

3. Conditions and methods of research

The research was intended to study the influence of siderates, which
spontaneously sprouted after the loss of crop yields and disking of the field,
on indicators of fertility and agro-ecological condition of soils.

The following observations, records and measurements were carried
out: the determination of soil pollution by mobile forms of heavy metals,
soil fertility indicators was carried out in the certified and accredited
laboratory of the Zhytomyr branch of the State Institution "State Soil
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Protection" of the Ministry of Agrarian Policy and Food of Ukraine. Soil
samples were taken from the 0-20 c¢m layer in accordance with DSTU
ISO 10381-1:2004 [1; 7; 30-33]; determination of the content of humus
in the soil — according to the Tyurin method in accordance with DSTU
4289:2004 [10-13; 22-24]; determination of the content of mobile forms
(after extraction with an acetate-ammonium buffer solution pH 4.8) of
heavy metals in the soil: lead, cadmium, copper and zinc — by the method
of atomic absorption spectrophotometry in accordance with DSTU
4362:2004, DSTU 4770 (2, 3, 9): 2007 [14-18]; determination of the
reaction of soil pH saline — ionometrically in accordance with DSTU ISO
10390-2001 [19; 20]; determination of hydrolytic acidity — by the Kappen
method in accordance with DSTU 7537:2014 [21; 22]; determination of
the content of hydrolyzed nitrogen in the soil — by the Kornfield method
according to DSTU 7863:2015 [13; 23]; determination of the content of
mobile forms of phosphorus and potassium in the soil — by Chirikov's
methods according to DSTU 4115-2002 [12; 19; 24]; determination of the
amount of absorbed bases in the soil — according to Kappen-Hilkovits.

Research was conducted during 2018-2021 on gray podzolized
medium loamy soils of FG "Zorya Vasylivka" of Tyvriv district, Vinnytsia
region. The experimental field of FG "Zorya Vasylivka", where the field
research was carried out, is located in the central part of Vinnytsia region
in the Central Forest Steppe and is located almost on the border of two
geomorphological regions: the Letychiv-Lytyna ancient alluvial and
water-glacial depression and the Vinnytsia denudation-accumulative
undulating plain of the Dnieper Highlands.

4. Research results

The use of siderates of the main agricultural crops: winter wheat, spring
barley, winter peas and rapeseed, grown under conditions of intensive
agriculture, had a positive effect on the change in soil fertility indicators,
compared to the option without growing siderates during the crop rotation
period. The main indicators of soil fertility include: the content of humus,
easily hydrolyzable nitrogen, mobile phosphorus, exchangeable potassium,
soil pH reaction, hydrolytic acidity, the sum of absorbed bases, and others.

In particular, the humus content was 2.30% in the variant without
growing siderates. Cultivation of siderates during the crop rotation period
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contributed to an increase in the humus content of the soil by 0.11-0.14%.
The humus content increased the most in the option of growing siderates
of winter peas and rapeseed, and the least — in spring barley. In general, the
highest content of humus was found in the option of growing winter pea
and rapeseed — 2.44% each, and the lowest — in the case of growing spring
barley siderate — 2.41% (Table 1). According to the content of humus, all
studied options were in the range of "average content" (2.1-3.0%).

The content of alkaline hydrolyzed nitrogen in the version without
growing siderates was 118 mg/kg. When growing siderates, the content
of alkaline hydrolyzed nitrogen in the soil increased by 1.7-7.1%. The
content of alkaline hydrolyzed nitrogen in the soil increased most
significantly after the cultivation of pea siderate, and the least — after
spring barley and winter rape. The highest content of alkaline hydrolyzed
nitrogen was found in the soil where pea siderate was grown — 127 mg/
kg, and the lowest — after growing spring barley siderate and winter
rapeseed — 120 mg/kg each. According to the content of alkaline
hydrolyzed nitrogen in the soil, all the tested options were in the "low
content" range (100-150 mg/kg).

Table 1
The influence of siderates on soil fertility indicators, 2021, M+m
Agrochemical Siderates
indicators of the wheat barley is 2 winter without
soil winter hot pe rape siderates
Humus, % 2,42+0,02 | 2,41+£0,02 | 2,44+0,01 | 2,44+0,01 | 2,30+0,03
Alkaline hydrolyzed | =), , 12043 12742 12043 11843
nitrogen, mg/kg
Mobile phosphorus, | 55, 4 51042 51543 51743 62243
mg/kg
Exchangeable 20542 | 21852 | 22051 | 230+1 1564
potassium, mg/kg
Soil reaction, pH 5,75+0,02 | 5,85+0,03 | 5,65+0,01 | 5,55+0,02 | 6,05+0,03
Hydrolytic acidity, | | ¢,.6 04 | 1.65£0,04 | 1,70£0,03 | 1,7240.03 | 1,60+0,02
mg-eq./100 g
Sum of absorbed 162404 | 164402 | 16,8+0,3 | 16,4402 | 17,5£0,2
bases, mgeq./100 g
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The concentration of mobile phosphorus in the control variant without
growing siderats was 622 mg/kg and was the highest among all studied options
where siderats were grown. On the variants with the cultivation of sideral crops,
the content of mobile phosphorus in the soil decreased by 16.4-18.0%. The
smallest decrease in the content of mobile phosphorus in the soil, compared
to the option without the use of siderates, was found in the option of growing
siderates of winter wheat, and the largest decrease was found in the option of
growing siderates of spring barley. In general, the lowest content of mobile
phosphorus in the soil was found after growing spring barley siderate —
510 mg/kg, and the highest — after growing winter wheat siderate — 520 mg/
kg. According to the content of mobile phosphorus in the soil, all the studied
variants are in the "average content" category (51-100 mg/kg).

The soil of the variant without siderate cultivation contained exchangeable
potassium of 156 mg/kg. Cultivation of siderates helped to increase the
content of exchangeable potassium in the soil by 27.4-32.2%. The greatest
increase in the content of exchangeable potassium in the soil was found in
the option of growing winter rapeseed, and the least — growing winter wheat.
The highest content of exchangeable potassium in the soil was established on
the option of growing winter rapeseed — 230 mg/kg, and the lowest — after
winter wheat siderate — 215 mg/kg. In the control option, without growing
siderate, the content of exchangeable potassium in the soil corresponded to
the "high content" indicator (120-180 mg/kg), and in the remaining options,
where siderates were grown, to the "very high" indicator (over 180 mg/kg).

The pH reaction of the soil on the option without growing siderates
was 6.05 pH. Variants with the cultivation of siderates were marked by
a decrease in the reaction value of the soil solution by 0.2-0.5 pH. This
indicates acidification of the soil when growing siderats. The greatest
acidification of the soil is observed after the cultivation of winter rape
seed extract, and the least — after spring barley seed extract. In general, the
highest pH value of the reaction of the soil solution on the variants with the
cultivation of siderates was found after spring barley — 5.85 pH, and the
lowest — after winter rape — 5.55 pH. According to the reaction of the pH
of the soil solution, the version with siderate cultivation of winter rapeseed
had a slightly acidic reaction (5.10-5.55 pH), the other options with siderate
cultivation were close to neutral (5.6-6.0 pH), while as an option without
growing siderates, it had a neutral pH reaction (6.05-7.00 pH).
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The hydrolytic acidity of the soil in the variant without growing siderates
and when growing siderates of winter wheat was the same and amounted
to 1.60 mg-eq./100 g. In other variants of growing siderates, the value of
hydrolytic acidity of the soil increased by 3.0-7.0%. The largest increase
in hydrolytic acidity was found in the variant of growing winter rapeseed,
where the actual hydrolytic acidity of the soil was the highest and amounted
to 1.72 mg-eq./100 g.

The amount of absorbed soil bases in the variant without growing
siderates was the highest and amounted to 17.5 mg-equiv./100 g. When
growing siderates, the amount of absorbed soil bases decreased by 4.0-7.4%.
The amount of absorbed bases in the soil, where siderate winter wheat was
grown, decreased most significantly, and peas the least. The largest value
of the amount of absorbed soil bases was found in the variant where pea
siderate was grown — 16.8 mg-equiv./100 g, and the lowest — when growing
winter wheat siderate — 16.2 mg-equiv./100 g.

Therefore, the conducted research established that the cultivation of
winter wheat, spring barley, winter pea and winter rapeseeds had a positive
effect on increasing the humus content in the soil by 0.11-0.14%, which is
due to the accumulation of organic matter in the soil formed by siderates
and its gradual transformation into humus. The same regularity is observed
in the content of alkaline hydrolyzed nitrogen and exchangeable potassium
in the soil, which are formed from the organic mass of siderates.

At the same time, the content of mobile phosphorus in the soil when growing
siderates was lower than in the version without siderates. This can be explained
by the fact that siderates removed mobile phosphorus from the soil for their
growth and development, but did not return it in a form available to plants.

The reaction of the pH of the soil solution and the hydrolytic acidity
of the soil during the cultivation of siderates moves in the direction of soil
acidification, which can be explained by the extraction of calcium siderates
from the soil. This statement is substantiated by the fact of a decrease in the
amount of absorbed soil bases when growing siderates.

Thus, the cultivation of siderates of winter wheat, spring barley, peas and
winter rape helps to increase the content of humus in the soil by 0.11-0.14%,
alkaline hydrolyzed nitrogen — by 1.7-7.1%, exchangeable potassium —
by 27, 4-32.2%, but a decrease in the content of mobile phosphorus — by
16,418.0%, acidification of the reaction of the soil solution — by 0.2-0.5 pH,
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an increase in hydrolytic acidity to 7.0% and a decrease in the amount of
absorbed bases by 4, 0-7.4%.

In particular, the cultivation of pea siderate, compared to other
studied siderates, contributes to the greatest increase in the content of
humus and alkaline hydrolytic nitrogen in the soil and the formation
of the highest amount of absorbed bases. Cultivation of siderate of
winter rapeseed allows the greatest increase in the content of humus
in the soil, exchangeable potassium, but causes the least increase in
the content of alkaline hydrolyzable nitrogen, the greatest acidification
of the reaction of the soil pH solution and increases hydrolytic acidity.
Cultivation of siderate of winter wheat provides the greatest increase in
the content of mobile phosphorus in the soil, the greatest decrease in the
value of hydrolytic acidity, but allows to obtain the smallest increase in
exchangeable potassium in the soil and the lowest value of the sum of
absorbed bases. Spring barley, as a siderate, provides the smallest increase
in the content of humus in the soil and alkaline hydrolyzed nitrogen, the
lowest content of mobile phosphorus, but the most neutral reaction of the
soil pH, compared to other studied sideral crops.

A strong positive correlation r = 0.988 was established between the
biological mass of siderate plants and their influence on the growth of humus
content in the soil. The diagram of the correlation-regression dependence of
the studied factors is shown in Figure 1.

The coefficient of determination R* = 0.976 shows that the increase in
humus content in the soil depends on the yield of siderates by 98%.

An average positive correlation of r = 0.534 was established between
the biological mass of siderate plants and their influence on the growth of
alkaline hydrolyzed nitrogen content in the soil. The reason for this is the
increase in nitrogen content in the soil on the variant where siderate peas
grew due to its symbiotic nitrogen fixation.

A strong positive correlation r = 0.984 was established between the
biological mass of siderate plants and their influence on the growth of
exchangeable potassium content in the soil. The diagram of the correlation-
regression dependence of the studied factors is shown in Figure 2.

The coefficient of determination R* = 0.968 shows that the increase in
the content of exchangeable potassium in the soil depends on the yield of
siderates by 97%.
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Figure 1. Correlation-regression relationship between the increase
in humus content in the soil (x) and the yield of siderates (y)
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Figure 2. Correlation-regression relationship between
the increase in the content of exchangeable potassium
in the soil (x) and the yield of siderates (y)
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The concentration of mobile forms of heavy metals: lead, cadmium,
copper and zinc during the cultivation of siderates also underwent
changes. In particular, the lead content in the soil for growing siderats was
1.28-1.40 mg/kg. The lowest content of mobile forms of lead in the soil
was found in the variant of growing winter rapeseed, and the highest —
when growing spring barley. Compared to the site where siderates were
not grown, the content of mobile forms of lead in the soil on the version
with siderates increased by 17.2-24.3%. However, the maximum allowable
concentration of mobile forms of lead in the soil (6.0 mg/kg) is significantly
higher than the actual content in the soil of the experimental sites, which
does not pose a danger (Table 2).

Table 2
The influence of siderates on the content of mobile forms
of heavy metals in the soil, 2021 mg/kg, M+m

MPC of Siderates
Heavy
metals heavy wheat wheat wheat wheat wheat
metals winter winter winter winter winter
Pb 6,0 1,35+0,04 | 1,40+0,03 | 1,38+0,03 | 1,28+0,02 | 1,06+0,02
Cd 0,7 0,21+£0,01 | 0,21+0,01 | 0,21+0,01 | 0,20+0,01 | 0,18+0,01
Cu 3,0 0,54+0,03 | 0,53+0,03 | 0,51+0,02 | 0,51+0,02 | 0,42+0,02
Zn 23,0 1,82+0,05 | 1,73+0,03 | 1,88+0,05 | 1,82+0,04 | 1,13+0,02

The concentration of cadmium in the soil during the cultivation of
siderates was 0.20-0.21 mg/kg. The lowest cadmium content was found in the
winter rapeseed siderate cultivation option, and in the remaining siderates —
0.21 mg/kg. In the variant without growing siderates, the concentration of
mobile forms of cadmium was 10.0-14.3% lower and amounted to 0.18 mg/
kg. The maximum permissible concentration of mobile forms of cadmium
in the soil is 0.7 mg/kg, which is much higher than the actual concentration
of cadmium in the soil of the tested options, so there is no danger.

The content of mobile forms of copper in the soil where siderates were
grown was 0.51-0.54 mg/kg. The lowest copper content was found in the
option of growing siderates of winter peas and rapeseed, and the highest —
in the option of growing siderates of winter wheat. In the variant without
growing siderates, the copper content in the soil was 17.6-22.2% lower and
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amounted to 0.42 mg/kg. Maximum permissible limit for copper in soil
is 3.0 mg/kg. The actual content of copper in the soil of the experimental
variants was much lower.

The concentration of mobile forms of zinc in the soil where siderates
were grown was 1.73-1.88 mg/kg. The lowest content of mobile forms of
zinc was found in the soil where spring barley siderate was grown, and
the highest — where pea siderate was grown. The concentration of zinc on
the control option without growing siderats was 1.13 mg/kg, which was
34.7-39.9% less than on the options for growing siderats. The maximum
allowable concentration of zinc in the soil is 23.0 mg/kg, which was
significantly less than in the experimental variants.

An important indicator that determines the ecological danger of the content
of heavy metals in the soil relative to the maximum permissible concentration
is the danger coefficient, which is determined by the ratio of the actual
concentration of heavy metals in the soil to their MPC. The obtained value
should be less than one, this indicates satisfactory environmental conditions.
The smaller the indicator, the safer the ecological situation.

The hazard ratio of lead in the soil when growing siderats was 0.21-0.23. It
was the smallest when growing winter rapeseed. On the option without growing
siderats, the hazard ratio was slightly lower and amounted to 0.18 (Figure 3).

The lowest cadmium hazard ratio when growing siderates was on the winter
rapeseed variant — 0.29, and on the remaining variants — the same — 0.3. This
is slightly more than in the option without growing siderates — 0.26 (Figure 4).

The lowest coefficient of danger of copper in the soil during the
cultivation of siderats was established on the version of peas and winter
rape — 0.17 each.

The highest risk factor was established for the siderate cultivation option
of winter wheat and spring barley — 0.18 each. The hazard ratio of copper
in the option without growing siderates was the lowest and amounted to
0.14 (Figure 5).

The lowest zinc hazard ratio was found on the variant without siderate
cultivation — 0.05. In the remaining experimental variants, it was the same
after growing all siderates and amounted to 0.08 (Figure 6).

Since soil contamination with several heavy metals was determined at
the same time (lead, cadmium, copper and zinc), it is necessary to calculate
the total pollution index, which takes into account the complex impact of
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all heavy metals on the ecological state of the soil environment, according
to the formula:
Zc = (Kcl +Kc2 +Ke3 +Ked)—(n—1),

where: Zc is the total indicator of soil pollution; Kc is the hazard ratio of
a heavy metal; n is the number of heavy metals taken into account.

Such a calculation will show which siderate has the most positive effect
on reducing the concentration of several heavy metals at the same time. The
lower the obtained number, the more favorable the environmental impact of
siderate on reducing the danger of heavy metals in the soil.
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Figure 5. The danger coefficient of copper
in the soil when growing siderats
0,09
0,08
0,07
o 0,06
£ 0,05
;=1
g 0,04
<
T 0,03
0,02
0,01
0

Wheat Barley Turnip  Without siderates

Figure 6. The hazard ratio of zinc in the soil when growing siderates
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All studied siderates provided very low values of the total indicator
of soil contamination with several heavy metals with negative values.
The lowest total indicator was provided by the siderate of winter rape —
minus 2.25, and the highest — b y the siderates of winter wheat and spring
barley — minus 2.21 each. In the variant without growing siderates, the total
indicator of soil contamination by several heavy metals was even lower —
minus 2.37 (Figure 7).

On the basis of research conducted on the effectiveness of growing
siderates for reducing the content of mobile forms of heavy metals in the
soil, it can be stated that the cultivation of siderates of winter wheat, spring
barley, peas and winter rape leads to an increase in the content of lead in the
soil by 17.2-24.3%. cadmium — by 10.0-14.3%, copper —by 17.6-22.2% and
zinc — by 34.7-39.9%, compared to the option without growing siderates,
which is explained by the conversion of hard-to-reach substances into soil
in easily soluble mobile compounds, which also applies to heavy metals.
That is, difficult-to-dissolve compounds of heavy metals that were in the
soil are transformed into easily-soluble ones — available to plants when
growing siderates, but there is no harm to plants at such concentrations.

Among the investigated siderates, the lowest content of lead, cadmium
and copper in the soil is provided by winter rapeseed. Also, this option
allows you to get the lowest amount of total soil contamination with four

2,1
2,15 I I
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Figure 7. Total indicator of soil contamination
with several heavy metals during the cultivation of siderats
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types of heavy metals. Siderate peas provide the lowest copper content in
the soil, but the highest zinc content. Spring barley siderate provides the
highest content of lead in the soil, but the lowest — of zinc, as well as the
highest amount of total contamination of the soil with all heavy metals.
Siderate winter wheat provides the highest content of copper in the soil and
the highest total indicator of soil contamination with all heavy metals.

5. Conclusions

The most positive effect of the investigated siderates on soil fertility
indicators was exerted by peas, which increased the content of humus by
0.14%, easily hydrolyzed nitrogen by 7% compared to the control; winter
rape — increased the content of humus by 0.14%, exchangeable potassium —
by 32.2% compared to the control; winter wheat — increased the content
of mobile phosphorus among all siderates. The most positive effect on the
reduction of the content of mobile forms of heavy metals in the soil was
exerted by winter rapeseed crops for lead, cadmium and copper; spring
barley — for zinc; peas — for copper.
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