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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

Ne Period Predominant soil-forming process, soil types
1 2 3
Eopleistocene

(1,8-0,85 million r.t.)

Forest formation

Brown soils dominated in the western and

2 ﬁ?ﬁ?ﬁﬁﬁ; rt) northern parts of the region, and brown and
’ ’ o reddish-brown soils in the southern
Shyrokinsky stage .
3 1(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
S Martono stage f\t its bgginning, pseudoglay and reddish-brown
oess soils were common, and at the end — brown
(780-650 thousands of years) 1 . .
oess, pseudoglay, and brownish-brown soils
] Luben stage Periodic change of folrlest pedogenesisf by .
(600-500 thousands of years) meadow-steppe and the appearance o genetic
types of chernozems and gray forest soils
7 fzogzﬂl gg Tﬂsclf};)i?;ge Brown forest loess, brown and chernozem soils
3 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
11 gt,lg_n“t,lg :}lllz)lﬁsan ds 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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#% and the expansion of the area of

A i TAES
Figure 2. The Vitachiv horizon in
a section of Pleistocene sediments
(Yakushintsi village, Vinnytsia
district, Vinnytsia region)
Source: [24]

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

| traced, and the trend was confirmed
. changes
. conditions of the formation of
| Pleistocene soils:

in the paleogeographic

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

=4 modern ones), moderate and more
! contrasting (Vytachiv —
\ dark brown,
. moderately continental and more

brown,
reddish brown) to
southern

arid  (Dauphinian —

 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 (kdbl, kdb2,
plbl, plb2, vtb1l, 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
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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]



Agro-ecological potential of soil cover of Vinnytsia region

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
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Table 2

Nomenclature list of soils of the Vinnytsia region

Including arable land

Soils Sal;:!;?l’lead 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
ﬁ)rg(ilrllgh?;rl?s, the black soils are deep and 339115 317705 19.0
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
Meadf)w—swarr}p 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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