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Received: 26.10.2020 Abstract. The article is devoted to the problem of sustainable use of agricultural lands in
Received in revised form: 11.04.2021 conditions of active manifestation of water soil erosion, which is typical for all natural zones
Accepted: 14.07.2021 of Ukraine, but to the greatest extent — for the Forest-Steppe and Steppe zone. The aim of the

article is a spatially distributed quantitative assessment and forecast of soil erosion losses and
the development on this basis of recommendations to optimize the use of agricultural land on the example of the Pidhayetskyi district of the
Ternopil region. The area is located within the Western region of Ukraine with a fairly high intensity of water erosion, where in accordance
with the long-term climate forecast a further increase in erosion hazard of land is expected. A quantitative assessment of soil erosion
losses for the basic period (1961-1990) and forecast periods (2031-2050 and 2081-2100) was carried out using a spatially distributed
physical-statistical GIS-model of soil erosion-sedimentation developed at the Department of Physical Geography, Nature Management
and Geoinformation Technologies of Odesa 1. I. Mechnikov National University. Spatial realization of the model performed using the
analytical capabilities of the Software for Environmental Modeling PCRaster (University of Utrecht, Netherlands). The forecast of the
changes in the hydrometeorological conditions of water soil erosion was made using the forecast of monthly average air temperatures
and monthly average precipitation, developed at the Ukrainian Hydrometeorological Institute. It established that most of the arable
land (about 52 %) of Pidhayetskyi district is erosively dangerous. Due to the projected increase in summer rainfall in the middle and at
the end of this century, further intensification of soil erosion is expected, especially in 2031-2050, when soil losses on arable land will
increase to 16.9 t/ha/year, and only due to rainstorm erosion. Soil losses by meltwater will be insignificant. Based on the calculations, it
was concluded that it is impossible to protect the agricultural lands of the region from erosional degradation without withdrawal from
the arable land about 8.15 thousand hectares (28) of the most erosion-hazardous lands (with annual soil losses exceeding 20 tons per a
hectare), changing the structure of sown areas and introduction a soil-protective adaptive-landscape farming system over a significant area.

Knrouosi cnosa: soil erosion, spatially distributed assessment and forecast, optimization of land use, Pidhayetskyi district, Ternopil
region.

IIpocTopoBo-po3noaijieHa OLiHKA i MPOrHO3 €PO3iiHUX BTPAT I'PYHTY SIK OCHOBA ONTHMI3alii
BHKOPHMCTAHHS epo3iiiHO-He0e3NeYHNX 3eMellb

0. O. Ceitinunwnii, H.T. Yemepuc
Ooecwruil HayionanvHull ynisepcumem imeri I. I. Meunukosa, e-mail svetlitchnyi.aa.od@gmail.com

Amnorauis. CtarTa IpUCBIYEHO MPoOIeMi palioHaATFHOTO BUKOPHCTAHHS CLIbCHKOTOCHOAAPCHKUX 36MeJIb B YMOBAX aKTUBHOTO IPOSIBY
BOJHOI €po3ii IPYHTIB, XapaKTepHOTo I BCiX MPUPOAHUX 30H YKpaiHH, aje HalO1mbpImoro Mipoto — it Jlicoctemy 1 Cremy. MeToro
CTaTTi € MPOCTOPOBO-PO3MOIiIEHA KITbKICHA OLIiHKA 1 IIPOTHO3 €pO3iiHUX BTPAT IPYHTY 1 po3po0Ka Ha I1iif OCHOBI peKOMEHAAIIiH 010
ONTHMI3aIil BUKOPUCTaHHS CLIBCHKOTOCHOAAPCHKIX 3eMelb Ha npukiaai [linraenskoro paifony TepHominbscbkoi obnacti. Paifon
pO3TaIIoBaHMH B MeXkax 3aXiHOTO PErioHy YKpaiHM 3 JOCHTh BUCOKOI IHTEHCHBHICTIO BOJHO-€PO31MHOT IsUTHHOCTI, JIe BiIMOBIIHO JI0
JIOBIOCTPOKOBOTO KJIIMATHYHOTO TIPOTHO3Y OUIKYEThCS MOAJIbIIIE 301UTbIICHHS epo3iiiHOT HeOe3nekn 3eMelTb. BiKkoHaHA KiNBKICHA OIliHKA
epo3iiftHuX BTparT IpyHTY A 6a3oBoro mnepioay (1961-1990 pp.) i nepionis mporao3dy (2031-2050 i 2081-2100 pp.) 3 BUKOPUCTAHHAM
npocTopoBo posnozineHoi I'IC-peanizoBaHol (i3MKO-CTATHCTUYHOT MOJIEIN 3MHUBY-aKyMYJISILIT IPYHTY, po3pobieHoi Ha kadenpi ¢pizndaHol
reorpadu, MpUPOIOKOPUCTYBaHHsI i reoiHpopMamiiHix TexHomorii O1echKoro HalioHaabHOTO yHiBepceuTeTy imeHi . I. Meunukosa.
[IporHo3 3MiHM TiIPOMETEOPOIOTTYHUX YMOB BOAHOI €p03ii IPyHTY BUKOHAHO 3 BAKOPUCTAHHSM IIPOTHO3Y CEPEIHbOMICIYHHIX TEMIIEPaTyp
TIOBITPS 1 CEPETHBOMICSYHUX CYM aTMOC(HEPHUX OMaIiB, PO3pOOICHOr0 B YKPaiHCHKOMY TiJpOMETEOPOIOTIYHOMY iHCTHTYTI. BeTaHOBIEHO,
mo OinbIa yacTrHa OpHUX 3eMens Ilinraenpkoro (6mm3bko 52 %) paiioHy € epo3iifHo HeGe3neqHo10. Y 3B'I3Ky 3 IPOTHO30BAHUM
301IBIIEHHSIM KUIBKOCTI JTITHIX OMAJiB B CEPEANHI 1 B KiHI[I IIOTOYHOTO CTOPIYYs, OUIKYEThCSI MOAANBINA iHTeHCH(IKALST epo3il IPYHTIB,
oco6muBo B 2031-2050 pokax, KoM cepeHbOPIUHI BTPaTH IPYHTY Ha OPHHUX 3eMIISIX paiioHy 30iibmarscs 1o 16,9 T/ra/pik, npuaomy

TUIBKY 32 PaXyHOK 3TUBOBOI epo3ii. Brparu rpyHTy Tanmimu Bomamu OyayTh IPAaKTHIHO He 3HAUymMMH. Ha 0CHOBI BUKOHAHUX PO3pPaxyHKIB
3p0o0IeHO BUCHOBOK TTPO HEMOXKIIMBICTh 3aXUCTy OPHHX 3€MeNb pailoHy BiJl epo3iiiHOi Aerpaaarii 6e3 BUBeIeHHS 31 CKIIaLy piiuti OIH3bK0
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8.15 tHc. ra (28 %) Hali6inbLI epo3iiiHO HeOe3NeYHNX 3eMelb, 3MiHH CTPYKTYPH MOCIBHHX IUTOL i BIPOBA/UKEHHS Ha 3HAYHIH TUIONIi

IPYHTO3aXHCHOT a/IanTHBHO-JIAHAIIA(THOI CHCTEMHU 3eMIIEPOOCTBA.

Kniouosi cnosa: 600na eposis, npocmopogo-po3nodiiena oyinka i npoeHo3, onmumizayis zemiekopucmyeanns, Ilioeacybruti paion

Teprnoninbcvioi obnacmi.

Introduction.

Comprehensive protection of agricultural land
from water soil erosion common in all natural zones
of Ukraine can be ensured only on the basis of the
use of adaptive-landscape farming systems, such as
contour-reclamation, landscape-ecological, precise
(Shelyakin et al., 1990; Tarariko, 1990; Kashtanov et al.,
1994; Magleby et al., 1995; Bulygin and Nearing 1999;
Tarariko, 2005; Vergunov, 2006; Montgomery, 2007;
Hobbs et al., 2008; Rykhlivskyi et al., 2014, etc.). The
design of adaptive-landscape farming systems requires
the use of spatially distributed mathematical models
of soil erosion, which make it possible to estimate
soil erosion losses on a given slope surface element,
taking into account the spatial differentiation of all the
main natural and economic factors of slope erosion-
accumulative process.

The existing spatially distributed mathematical
models of water soil erosion are primarily represent-
ed by physically sound dynamic models. The system
of differential equations in partial derivatives of the
balance of matter (water and sediments) and energy is
a basis of these models. However, their high require-
ments for information support and excessive sensitiv-
ity to the accuracy of the input data limit possibility
of their usage predominantly by research projects. The
practice of conservation farming in different countries
is still mainly based on the use of empirical mathe-
matical models of soil erosion, such as the Universal
Soil Loss Equation (USLE/RUSLE) (Wischmeier and
Smith, 1978; Renard et al., 1997, etc.).

In Ukraine, for design of soil protection from ero-
sion the mathematical models of soil losses developed
by Shvebs (1974, 1981), Lavrovsky et al. (Lavrovsky et
al., 1987), and Sribny (Sribny, 1977; Sribny, Vergunov,
1993), also belonging to the category of empirical mathe-
matical models, are used or are recommended for use. All
these models, including the Universal Soil Loss Equation,
were originally developed to calculate the average an-
nual soil loss on average for the slope, that is, they were
models with lumped parameters that did not take into
account the spatial variability of factors of modeled pro-
cess. At a certain stage, the developers of the Universal
Soil Loss Equation proposed a method for approximate
accounting for changes in the factors of the erosion pro-
cess along the length of the slope, but only within its con-
vex part (Foster, Wishmeier, 1974). However, even this
model is not properly calibrated and is not tested in the
natural and economic conditions of Ukraine.

In recent decades, a spatially distributed physical-
statistical model of soil erosion-sedimentation has
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developed in the Odessa National I. I. Mechnikov
University (Svetlitchnyi, 1995, 1999; Svetlitchnyi
et al., 2004; Pyatkova, 2011, 2013; Svetlitchnyi and
Piatkova, 2019). Currently, this mathematical mod-
el is software implemented using the operators of the
Software for Environmental Modeling (GIS-package)
PCRaster (PCRaster ..., 2018) and the programming
language Basic. The model was successfully veri-
fied using observational data at runoff plots and ex-
perimental catchments of the Moldavian and Veliko-
Anadol Water Balance Stations and the Boguslav
Field Research Hydrological Base of the Ukrainian
Hydrometeorological Institute (UkrHMI) (Svetlitchnyi,
1995, Piatkova, 2011; Svetlitchnyi and Piatkova, 2019),
as well as of the results of field studies of water ero-
sion using the radio-cesium method and the method
of magnetic tracers (Zhidkin et al., 2015). The ade-
quacy of modeling the spatial distribution of erosion-
sedimentation by this model was also confirmed by com-
parison with the simulation results using the spatially
distributed physically based dynamic model LISEM
(Svetlitchnyi, Pyatkova, 2017). Recent studies on long-
term forecasting of climate change (Krakovska et al.,
206; Krasovska et al., 2017), surface runoff (Gopchenko
et al., 2012; Ovcharuk. 2017) and hydrometeorological
conditions of soil erosion (Svetlitchnyi, 2018) make it
possible to use this model not only for a spatially dis-
tributed assessment, but also for a forecast of soil ero-
sion within the plain part of Ukraine until 2100.

The purpose of this study is the spatially distribut-
ed quantitative assessment and forecast of erosion loss-
es of soil and the development on this basis of recom-
mendations to optimize the use of agricultural land on
the example of the Pidhayetskyi district of the Ternopil
region. The area is located within the Western region
of Ukraine with a fairly high intensity of soil erosion
where, in accordance with the long-term climate fore-
cast, a further increase in erosion hazard is expected,
at least during the warm season (Svetlitchnyi, 2018).

Water erosion losses of soils on the agricultural
lands of the Pidhayetskyi region is the object of the
study. Spatially distributed retrospective assessment
of erosion losses of soil for the baseline period (1961—
1990), their forecast until 2100 and the development of
recommendations for optimization the use of erosion-
hazardous lands of the region is a subject of the study.

Material and methods of research.

Pidhayetskyi district is located in the western part
of the Ternopil region on the border of the Western
Podillya and the Eastern Opilia on the Volyn-Podilsk
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Upland. The territory of the district is 49638 ha (496.38
km?) (Pidgajec'ka..., 2018).

The relief of the territory is wavy, crossed by river
valleys of mainly meridian strike and beams, in the
western part of it is hilly. The absolute heights of the
divides are 380—410 m, and of the bottoms of river

valleys (the Zolotaya Lipa, Koropets, Strypa rivers) are
240-330 m. The maximal height of the earth's surface
within the district is 414 m. The distribution of the
Pidhayetskyi district agricultural land in the range of
slope gradients is shown in the Table 1.

Table 1. Distribution of the Pidhayetskyi district agricultural land in the range of slope gradients

Slope gradients, Area
degrees ha A
<1 7356.5 20.7
1-3 11724.5 33.0
3-5 7741.3 21.8
5-7 4157.0 11.7
>7 4538.5 12.8
Total 35517.8 100.0

The climate of the district is temperate continental
and is characterized by mild winters, warm summers,
and a significant amount of rainfall. The area is located
at the boundary of two climatic zones: of the Western
European zone in the west with a humid and moderately
warm climate and East-Continental zone in the East
with a continental climate (Geografija ..., 2017). The
average annual air temperature according to Berezhany
meteorological station, which is located 25 km northwest
from the administrative center of the district, is
7.2 °C, the average annual rainfall amount according to
Berezhany meteorological station is 690 mm, according
to the precipitation measuring post Pidhaitsi — 704 mm.
(Klimatychnyj..., 2006). Most precipitation falls in the
warm part of the year (April-October). The maximal
rainfall in a single rain at Berezhany weather station
was observed in August and reached 90 mm. The period
1961-1990 was characterized by a persistent winter with
average monthly temperatures of —2.1 ... —4.9 °C, with
an average duration of snow cover of 84 days and an
average maximal height of 37 cm in the end of winter
(Klimatychnyj..., 2006).

The soil cover in the eastern part of the district
(in the Podillya) is represented by podzolized
chernozems and dark gray podzolized coarse-dusty
medium loamy soils and in the western part (at Opilia)
by gray and light gray podzolized loamy soils.

Podzolized chernozems in comparison with dark gray
podzolized soils are deeper, more humus-rich (2.5—
3.5%). Gray and light gray podzolized soils of Opilia in
the upper horizons have a humus content of 1.8-2.2 %.
The natural fertility of these soils is much less than that
of the chernozems (Geography..., 2017).

Among 49638.00 hectares of land under the control
of Pidhayetskyi district, agricultural land occupies
35517.79 or 71.6 % of the total area, including arable
land — 29047.53 hectares (81.8 %), pastures —4702.49
ha (13.2 %), hayfields — 1376.47 ha (3.9 %), perennial
plantings — 391.29 ha (1.1 %). In addition, 451.49
hectares (1.3 %) are under farm buildings and yards,
forests cover 9365 hectares (18.9 % of the area),
reservoirs — 592 hectares (1.2 %), swamps — 212
hectares (0.4 %) (Pidgajec'ka..., 2019).

The structure of sown areas of the district is
presented in the Table. 2. The largest share in the
structure of sown areas is occupied by cereal crops,
which account for 50.8 % of the arable land, including
23.6 % of spring crops and 27.2 % of winter crops.
The group of high-stem tilled crops (corn, sorghum,
sunflower), whose soil-protective efficiency is very
low, occupies 29.7 % of the arable land area. Perennial
grasses with high soil-protective efficiency occupy only
3.5 % of the sown area.

Table 2. Structure of sown areas of the Pidhayetskyi district (Pidgajec'ka..., 2019)

No Crops Area, ha Share in the stru(i)ture of sown
areas,%
1 High-stem tilled crops (corn, sorghum, sunflower) 8640.6 29.7
2 Low-stem tilled crops (soybeans, buckwheat, peas, potatoes, 4264.1 14.7
vegetables, watermelons and melons)

3 Spring cereals 6841.0 23.6

4 Winter cereals 7887.1 27.2

5 Annual grasses 388.1 1.3

6 Perennial grasses 1026.6 3.5
Total 29047.5 100.0
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A quantitative assessment of soil erosion losses
on agricultural lands of the Pidhayetskyi district of
the Ternopil region was performed using a spatially
distributed version of the physical-statistical model of
soil erosion-sedimentation (Svetlitchnyi, 1995, 1999;
Piatkova, 2008,2011; Svetlitchny & Piatkova, 2019).
The years 1961-1990 were chosen as the baseline pe-
riod due to the availability for this period of a com-
plete set of information necessary for the model. The
forecast was made for the middle of the current cen-
tury (2031-2050) and its end (2081-2100) in accor-
dance with the periods of the long-term climate fore-
cast developed at UkrHMI (Krasovska et al., 2016;
Krasovska et al., 2017).

The digital geodatabase for the territory of
Pidhayetskyi district has been created using a topograph-
ic map of 1:100000 scale, a soil map of 1:200000 scale
(Karta gruntiv..., 1967) and high-resolution satellite im-
age from the GoogleEarth Internet service. Statistical
materials from the website of the Pidhayetska State
Administration, monographic literature and publications
in the periodical scientific editions were used as a source
of attributive information characterizing the use of land
in the region. The values of climatic indicators for the
baseline period were taken from the Climatic Cadaster
of Ukraine (Klimatychnyj..., 2000), for forecast pe-
riods — taken in accordance with the climate forecast
made in the Ukrainian Hydrometeorological Institute
(Krakovska et al., 2016; Krakowska et al., 2017).

Comparative-geographical, cartographic, statisti-
cal and geoinformation modeling methods were used
to achieve the purpose. The PCRaster environmen-
tal modeling package developed in the Department of
Physical Geography of the University of Utrecht, the
Netherlands (PCRaster ..., 2018) was used as the ba-
sic GIS software.

10 km

Results and Discussion.

Creating the digital geodatabase. The digital
database of spatially distributed data (geodatabase)
includes sets of basic and derived digital maps of the
district area. Digital raster maps created on the basis
of digitizing of paper maps or a satellite image we will
consider as basic maps. Digital raster maps created on
the basis of basic digital maps using GIS software tools
we will consider as derived maps.

The hydrologically correct digital elevation model,
digital maps of soils and land use are the basic digital
data layers that provide a mid-scale assessment of
erosion soil losses within an administrative district
based on the physical-statistical model of ONU. Screen
copies of these three basic digital maps for the territory
of the Pidhayetskyi district of the Ternopil region are
presented in the Figures 1-3.

All basic maps are built in the WGS-84 UTM
coordinate system with the same spatial resolution. The
raster cell size is 50 m for all maps. When constructing
a digital elevation model on a topographic map of 1:
100000 scale all the main and additional relief contour
lines were digitized, as well as the structural elevation
lines (divides and talwegs). Spatial interpolation of
point data was performed using methods of ordinary
point kriging and radial basis functions, which gave
similar results.

The set of derived maps includes a large number of
digital raster maps, most of which are created in batch
mode using capabilities of the Basic and PCRaster
packages. Digital raster maps of slope gradients,
expositions, streamlines, relative erodibility and
partial characteristic of relative erodibility of soils,
horizontal gradients of soil cover characteristics, in
particular, are derivative maps are creating the process
of implementation of the erosion-sedimentation model.

Fig. 1. Screen copy of digital elevation map of the Pidhayetskyi district
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Fig. 2. Screen copy of soil map of the Pidgayetskyi district: 1 — light-gray and gray podzolized soils; 2 — dark-gray podzolized soils;
3 — podzolized chernozems; 4 — meadow-chernozem, chernozem-meadow, meadow, meadow-bog and other alluvial soils; 5 — exits
of rocks; 6 — settlements

- arable land
-hayfields and pastures
[ -forest

I - bottoms of valleys
I - seitlements

Fig. 3. Screen copy of land use map of the Pidhayetskyi district

Parameterization of the model. The
hydrometeorological factor of rainstorm soil losses
(K,,,,) and the hydrometeorological factor of soil losses
by the meltwater (K, ) are the main parameters of
the used model of soil erosion, requiring geographical
reference. The long-term average the K, values for the
baseline climate period and for the forecast periods are
determined by the previously established dependence of
the K, on the long-term average sum of precipitation
for May-September (Svetlitchnyi, 2018). The long-
term average value of the hydrometeorological factor of
rainstorm losses of soil for the baseline period, obtained

using this dependence and the data from the precipitation

measuring station Pidhaitsi (Klimatychnyj..., 2006), is
0.0052. The long-term average values of the K, for
2031-2050 and 2081-2100 in accordance with the
forecast of monthly precipitation (Krakowska et al.,
2017) (Table 3) are 0.0071 and 0.0063, respectively.
Due to the fact that the forecast of changes in the
average monthly precipitation for 2031-2050 and
2081-2100 is given in relation to 1991-2010, it became
necessary to assess the change in the average monthly
precipitation of 1991-2010 in relation to the baseline
period (1961-1990). This assessment was performed
using observational data from the reference weather
stations of the region.
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Table 3. Long-term average precipitation for May-September for the Pidhaitsi precipitation measuring post for the baseline period in
accordance with the Climatic Cadaster of Ukraine (Klimatychnyj..., 2000) and for forecast periods for Western Region of Ukraine in
accordance with (Krakowska et al., 2017)

May June July August | September Sum
Average long-term precipitation for 1961-1990, mm 71 98 98 72 62 406
Change in precipitation 1991-2010 in relation to 1961— -7 -12 4 10 35
1990,%
Average long-term precipitation for 1991-2010 years, mm 66 86 102 79 84 420
2031-2050
Projected precipitation changes relative to 1991-2010 16 12 13 4 18
years,%
Average long-term precipitation for 2031-2050 years, mm 77 96 115 82 99 469411
2081-2100
Projected precipitation changes relative to 1991-2010 7 4 13 -3 10
years,%
Average long-term precipitation for 2081-2100, mm 71 89 115 77 92 444

The long-term average value of the calculation of soil erosion losses within the most
hydrometeorological factor of spring snowmelt erosion erosion-prone arable land are presented in the Table 4.
(K,,,s) for the baseline period in accordance with The analysis in the Fig. 4 and the Table 4 allows us
(Svetlitchnyi et al., 2004) equals to 0.0010. The K, . to state a generally high rate of erosion degradation of
values for the forecast periods (2031-2050 and 2081—  soils of arable lands of the district. Within hayfields and
2100) in accordance with the forecast of spring surface pastures, which make up the second main component
runoff values (Gopchenko et al., 2012; Ovcharuk, 2017) of the farmland of the district, soil erosion losses are
are either close to zero (in the middle of the century) usually insignificant. This circumstance allows us to
or equal to zero (in end of the century). That is, the focus on the analysis of soil erosion losses precisely
erosion hazard of the district’s agricultural lands in the on arable land, occupying 81.8 % of the farmland and
prospect under consideration will be determined only  58.5 % of the total district’s area. The calculated average

by rainstorm erosion during a warm season.

The values of other parameters of the model are
taken in accordance with the existing recommendations
(Shvebs, 1981; Svetlitchnyi et al., 2004; Lisetsky et
al., 2012).

Results of calculation and forecast of soil erosion
losses. The result of the calculation of soil erosion losses
within the Podhayetskyi district for hydrometeorological
and land use conditions of the baseline period (1961—
1990) are presented in the Fig. 4. The result of the

i
) Y

R
=
- 1" -‘.

module of erosion losses of soils within the arable land
of the district for the baseline period is 16.0 t/ha per year
(Table 4). Most of the soil erosion losses, namely 13.6 t/
ha/year or 85 %, are formed by rainfall in warm season,
2.5 t/ha/year (15 %) — by melt water in spring. The area
of arable land with annual soil losses not exceeding 5 t/
ha/year is 14056 ha or 48.4 %. The area of arable land
with erosion losses exceeding 20 t/ha/ year is about
6720 ha or 23.1 % of its area. Within 2407 ha (8.3 %) of
arable land, the estimated soil loss exceeds 50 t/ha/year.

N

TR T

Fig. 4. The estimated average annual soil losses (t/ha/year) within the Pidhayetskyi district for the baseline period
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Table 4. Average annual soil losses (t/ha/year) and distribution of the area of arable land
of the district by gradations of erosion losses for the baseline period

. <2 25 5-10 10-20 20-50 >50
Period, Season Arca Arca Arca Average annual
’ Area Area ? Area ’ ’ soil losses, t/

year % 1% % 1% % %

years ha ha ha ha ha ha ha/year
Summer | 9500 1 343 | 4412 | 152 | 3935 | 13.6 | 4088 | 14.1 | 4246 | 14.6 | 2407 | 83 13.6

1961— autumn

1990 Spring | 17012 | 58.6 | 7555 | 23.0 | 3317 | 11.4 [ 1019 ] 35 [ 145 [ 05 | 0 | 0 2.5
Year 8546 | 29.4 [ 5510 19.0 | 3917 | 13.5 | 4356 | 15.0 | 4314 | 14.8 | 2407 | 8.3 16.0

In the middle of current century (2031-2050), in
accordance with the predicted climate change (Table
3) while maintaining the structure of sown areas, the
soil cultivation system, and the absence of special anti-
erosion measures the erosion hazard of arable land in the
district will increase, despite a decrease to insignificant
values of erosion losses of soil in spring. The area of

arable land with an average annual soil losses exceeding
IN t/ha wrill amannt ta Q182 ha (MR 1 0/ that ic it wnll

increase by 1434 ha or 4.9 % compared to the baseline
period. Accordingly, an area of land with erosion soil
losses of less than 5 t/ha/year will decrease by 954 ha
(up to 13102 ha or up to 45.1 %). At the end of the
century (2081-2100), due to the projected decrease
compared to 2031-2050 the amount of precipitation
in the warm season, soil erosion losses on the arable
lands of the district will slightly decrease (Table 5).

Table 5. Forecast of the average annual soil losses and distribution of the arable land area of the Pidhayetskyi district according to

gradations of erosion

soil losses (t/ha/year)

<2 2-5 5-10 10-20 20-50 >50 Average
Period, Season, annual soil
years year Alrlea, % A}rlea, % A}rlea, % A}rlea, % A}rlea, % Alrlea, % losses, t/
a a a a a a halyear
2031-2050 S;ITHHIE 8423 [ 29.0 | 4679 | 16.1 | 3656 | 12.6 | 4137 | 142 | 4869 |16.8| 3284 | 11.3 16.9
2081-2100 S;ﬁﬁf 9392 | 32.3 | 4326 | 14.9 | 3771 | 13.0 | 4133 | 142 | 4646 |16.0| 2780 | 9.6 15.0
Discussion. of arable land in the district, this requirement becomes

Based on the permissible erosion standards
recommended by the National Standard of Ukraine
(DSTU..., 2010), the arable land of the district with
erosion losses of soil not exceeding 2 t/ha/year can be
considered as erosion-safe. The estimated area of such
lands in the district in 1961-1990 was about 8550 ha
or 29.4 % of the arable land area. Another 5510 ha or
19.0 % of arable land with erosion losses of soil from
2 to 5 t/ha/year were characterized by low erosion risk.
In total, these two categories of land occupied about
48 % of the arable land. They either do not require
special anti-erosion measures, or allow to be limited by
the simple soil-protective techniques, such as plowing
transversely the slope, periodic deep plowing or plowing
with soil deepening, as well as phyto-reclamation
techniques (Svetlichnyi et al., 2004; Naukovi ..., 2010;
Zonalni..., 2010). However, almost 52 % of arable land
is characterized by significant erosion risk. Within 8153
ha (28.1 %), the estimated soil loss exceeds 20 t/ha/
year, and therefore the erosion hazard of these lands
is characterized as very high or catastrophic (with soil
losses of more than 50 t/ha/year) (Svitlychnyin and
Chornyy, 2007; Tarariko et al., 2017, etc.). These lands
require a set of special anti-erosion measures. Moreover,
given the projected further increase in the erosion risk

even more urgent.

The calculations show that arable lands, on which
the average annual soil loss exceeds 20 t/ha/year, cannot
be protected from the progressive erosion degradation
with their continued intensive use. They should be
removed from the composition of the arable land. On
lands with an average annual soil loss of 5-20 t/ha
and moderate or high erosion hazard, it is necessary
to implement the system of soil protection measures,
the intensity of which is proportional to the degree of
soil erosion hazard. Landscape-adaptive soil-protective
farming system is by far the best option of such system.
At the same time, it is necessary to emphasize the
need to change the structure of sown areas here with
a decrease of the share of row crops and an increase
of the share of grasses, especially perennial ones. In
accordance with the recommendations of agrarian
science for the Western Forest-Steppe of Ukraine,
even for the first (least erosion-hazardous) ecological-
technological group of lands, the optimal permissible
limits for saturation of crop rotation with perennial
grasses are 10-30 % (Tarariko, 1990). Currently,
perennial grasses occupy only 3.5 % of the sown area
of the district (Table 2).
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Provided that 8150 hectares of the most erosion-
hazardous lands will be removed from the arable land
and the share of perennial grasses in the crop rotation
will be increased to 15 % due to a corresponding
decrease in the share of row crops, it is predicted that
for 2031-2050 the average soil losses on arable land of
the district will decrease to 3.4 t/ha/year. At the same
time, lands with no or weak erosion hazard, that is, with
soil losses not exceeding 5 t/ha per a year, will occupy
about 65 % of the arable land.

When 8150 ha will be removed from the arable
land, the share of arable land in the composition of
agricultural land of the district will decrease from
81.8 % to 58.8 %. Based on a generalization of the
results of studies conducted in Ukraine, Makhortov
(1999) recommends the optimal share of arable land
in the composition of agricultural land from the range
of 45-55 % for the Forest-Steppe zone. According to
the research of Carik (2010) in an optimal model of the
land use structure as a whole for Podillja, arable land
as part of agricultural land should occupy 60 % of their
area, and directly for Pidhayetskyi district — 58.7 %.
Thus, withdrawal from intensive agricultural use of
lands for which the erosion losses of soil projected for
2031-2050 exceed 20 t/ha/year (Table 4), will make
it possible to bring the structure of arable land to the
optimum.

The erosion-hazardous lands removed from the
arable land are recommended for use under hayfields,
pastures or permanent afforestation with the mandatory
implementation of a range of anti-erosion measures,
including, if necessary, hydro reclamation measures.
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