/TN . Journal homepage: https://agriculturalscience.com.ua/en
pla nt an d SOl I Plant and Soil Science, 17(3), 70-85
. SCIG nce Received: 09.04.2026 Revised: 26.07.2026 Accepted: 26.08.2026 Published: 30.09.2026

ISSN 2706-7688 UDC 631.4:631.459:528.9
e-ISSN 2706-7696 DOI: 10.31548/plant3.2026.70

Mykola Shevchenko

Doctor of Agricultural Sciences, Head of the Department
State Biotechnological University

61002, 44 Alchevskykh Str., Kharkiv, Ukraine
https://orcid.org/0000-0003-4915-1435

Zinaida Kondakova"

PhD, Senior Lecturer

State Biotechnological University

61002, 44 Alchevskykh Str., Kharkiv, Ukraine
https://orcid.org/0000-0002-1055-4811

Oleksandr Kruglov

PhD in Geological Sciences, Senior Researcher

National Scientific Center “Institute for Soil Science

and Agrochemistry Research named after O.N. Sokolovsky”
61024, 4 Chaikovska Str., Kharkiv, Ukraine
https://orcid.org/0000-0003-2663-0935

Spatial assessment of the agricultural potential
of eroded slope lands using USLE model parameters

Abstract. Eroded slope lands are characterised by significant spatial heterogeneity of the soil cover,
which complicates an objective assessment of their agricultural potential based on average-field
agrochemical indicators. The aim of the study was to establish the patterns of spatial assessment
of the agricultural potential of eroded slope lands based on the relationship between agronomic
soil indicators and the parameters of the USLE (Universal Soil Loss Equation) model. The study
was conducted in 2024-2025 at the “Dokuchaievske” experimental field of the State University of
Biotechnology in the Left-Bank Forest-Steppe region of Ukraine. A total of 68 soil samples were
collected from the arable layer using an irregular grid pattern, taking into account the characteristics
of the terrain. The samples were analysed for organic carbon content, nitrate nitrogen and pH. The
spatial distribution of these parameters was assessed using geographic information system (GIS)
mapping, whilst erosion risk was characterised using the LS topographic factor of the USLE model. It
was found that the organic carbon content ranged from 1.35 to 3.05 per cent, and the LS values ranged
from 0.039 to 2.22. A strong inverse relationship was found between LS and organic carbon content:
Spearman’s correlation coefficient was -0.725. The linear model Y =27175 - 0.5124x confirmed a
decrease in organic carbon content as erosion risk increased. When LS values were grouped, the
average organic carbon content decreased from 2.610-2.636 to 1.853-1.949%, whilst the relationship

Suggested Citation:
Shevchenko, M., Kondakova, Z., & Kruglov, O. (2026). Spatial assessment of the agricultural potential of eroded slope
lands using USLE model parameters. Plant and Soil Science, 17(3), 70-85. doi: 10.31548/plant3.2026.70.

*Corresponding author (zinaidasamosvat@gmail.com)

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0003-4915-1435
https://orcid.org/0000-0002-1055-4811
https://orcid.org/0000-0003-2663-0935

Shevchenko et al.

between LS and nitrate nitrogen was weak, r = -0.066. Thus, organic carbon is a more reliable
indicator for the spatial adjustment of the agricultural potential of eroded slope lands. The proposed
approach can be used to construct map charts of adjustment coefficients, implement differentiated
fertilisation, plan soil conservation measures and introduce elements of precision farming

Keywords: organic carbon,; nitrate nitrogen; topographical factor; soil resource potential; geographic

information system mapping; haplic chernozem

INTRODUCTION

Eroded slope lands are characterised by a high
degree of spatial heterogeneity in the soil cov-
er, which complicates their objective agronomic
assessment. Within a single field, there may be
areas with varying degrees of erosion, differ-
ent depths of the humus layer, varying organic
matter content and differing resource potential.
Under such conditions, the use of only average
field-wide agrochemical indicators does not
allow for a full assessment of the actual agro-
nomic potential of the soil cover. Of particular
relevance is the combination of traditional soil
indicators with spatial relief parameters, which
determine the conditions for surface runoff and
potential soil erosion.

Inrecent studies, considerable attention has
been paid to the digital mapping of organic car-
bon as one of the key indicators of soil fertility
and degradation status. A. Sakhaee et al. (2022)
demonstrated that machine learning can be an
effective tool for the spatial prediction of or-
ganic carbon in arable soils, as it allows for the
heterogeneity of soil and landscape conditions
to be taken into account. S. Nozari et al. (2024)
confirmed the suitability of digital soil mapping
for predicting organic carbon under various
soil and landscape conditions. Organic carbon
is a more stable and conservative indicator of
long-term changes in soil cover than mineral
forms of nitrogen, which change rapidly under
the influence of moisture, temperature, fertilis-
ation, mineralisation and uptake by plants. Thus,
correlating organic carbon with parameters of
topography-determined erosion risk may be
a promising approach for assessing the actual
agricultural potential of eroded slope lands. On
slope lands, the spatial distribution of organ-
ic carbon is largely linked to the development
of water erosion. E. Balontayova et al. (2024)
found that on arable chernozems, water erosion
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affects not only the total organic carbon content
but also its labile fractions, which are sensitive
to degradation processes. H. Fang et al. (2024)
demonstrated that erosion alters soil quality
in agricultural landscapes, and that slope mor-
phology is one of the factors determining the
intensity of these changes. Y. Wu et al. (2024)
also noted the influence of slope aspect and ex-
posure on soil properties and erosion. Thus, top-
ographical conditions not only determine the
risk of soil loss but also indirectly influence the
spatial variation in the agronomic properties of
the soil cover.

The Universal Soil Loss Equation (USLE) and
its modified versions are widely used for the
spatial assessment of water erosion. M. Singh et
al. (2023) applied a combination of geoinforma-
tion technologies and the Revised Universal Soil
Loss Equation (RUSLE) model to assess soil loss
and prioritise catchments from the perspec-
tive of soil and water conservation planning.
F. Bouayad et al. (2023) demonstrated the effec-
tiveness of integrating RUSLE, geoinformation
analysis and remote sensing to assess erosion
dynamics within a catchment. M. Guche et
al. (2024) confirmed the feasibility of using RU-
SLE at the catchment level to identify areas with
varying levels of erosion risk. These studies
demonstrate that erosion models are an effec-
tive tool for the spatial diagnosis of degradation
processes. At the same time, most studies on
the application of USLE or RUSLE focus primar-
ily on assessing potential soil loss. Considerably
less attention is paid to using the parameters of
these models for the agronomic interpretation
of spatial heterogeneity in soil fertility. For pro-
duction conditions, it is important not only to
identify areas of potential soil loss, but also to
establish how the topography-induced risk of
erosion is linked to changes in organic carbon,
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nitrate nitrogen and other indicators character-
ising the resource potential of the soil cover.

Organic carbon is a more stable and con-
servative indicator of long-term changes in soil
cover than mineral forms of nitrogen, which
change rapidly under the influence of moisture,
temperature, fertilisation, mineralisation and
uptake by plants. M. Oukhattar et al. (2025) em-
phasise that the spatial distribution of organic
carbon depends significantly on land-use type
and can be effectively represented using digi-
tal mapping. Thus, correlating organic carbon
with parameters of topography-determined
erosion risk may be a promising approach for
assessing the actual agricultural potential of
eroded slope lands. For the chernozems of the
Left-Bank Forest-Steppe of Ukraine, such an
assessment is of particular importance, as even
within a single field, water erosion can cause a
significant change in the humus content and
resource potential of the soil cover. The combi-
nation of agrochemical indicators, geographic
information system mapping and USLE model
parameters enables a shift from a generalised
assessment of fertility to spatially differentiated
management of soil resources.

The aim of the study was to identify pat-
terns in the spatial assessment of the agricul-
tural potential of eroded slope lands based on an
analysis of the relationship between agronomic
soil indicators and the parameters of the USLE
model, and to justify the feasibility of using this
approach to adjust the resource potential of the
soil cover.

MATERIALS AND METHODS
The study was conducted during 2024-2025 at
the “Dokuchaievske Experimental Field”, an ed-
ucational, scientific, and production centre of
the State Biotechnological University, located in
the Kharkiv District of Kharkiv region within the
Left-Bank Forest-Steppe of Ukraine. The exper-
imental site is characterised by sloping terrain
and a spatially heterogeneous soil cover formed
under the prolonged influence of water erosion.
The study area comprises a complex of erod-
ed and depositional soil units typical of eroded
sloping land in the Forest-Steppe zone. The soil
cover onnon-eroded watershed positionsisrep-
resented by medium-humus, heavy loam haplic

7)

chernozem. In the non-eroded soils, the parent
material occurs at a depth of 123-125 cm, while
the humus-rich horizon extends to a depth of
73 cm. On eroded slope positions, the thickness
of the humus-rich horizon decreases, whereas it
increases in depositional zones. The soils of the
experimental site have a heavy loam texture. Ac-
cording to the preliminary survey, organic car-
bon content ranged from 1.35% to 3.05%, while
soil pH (water) varied from 6.52 to 8.51.

Soil samples were collected from the arable
soillayerusing anirregular grid, designed to take
into account the characteristics of the relief and
the spatial heterogeneity of the sloping terrain.
This approach made it possible to cover areas
with varying degrees of erosional transforma-
tion of the soil cover, including watershed, slope,
depression and accumulation features. A total of
68 soil samples were collected. Agronomic indi-
cators characterising the resource potential of
the soil cover were determined in the collected
samples: organic carbon content, nitrate nitro-
gen content and pH (water). Organic carbon was
considered as an integral indicator of long-term
changes in fertility under the influence of ero-
sion processes. Nitrate nitrogen was used as an
indicator of the current level of mineral nitrogen
supply, and soil pH as a characteristic of the soil
environment'’s reaction.

Laboratory analyses were performed on
air-dried soil samples prepared in accordance
with the relevant standards. Organic carbon
content was determined by the oxidimetric
method, based on the oxidation of organic mat-
ter in a sulphochromic medium, in accordance
with DSTU ISO 14235:2005 (2005). To ensure
methodological consistency in the assessment
of soil organic matter status, the provisions
of DSTU 4289:2004 (2004), which specifies
methods for determining organic matter in
soils, were also taken into consideration. Ni-
trate nitrogen content was determined in ac-
cordance with DSTU 4729:2007 (2007), which
specifies methods for determining nitrate and
ammonium nitrogen in soils using the modifi-
cation developed by the NSC “O.N. Sokolovsky
Institute for Soil Science and Agrochemis-
try”. Soil pH was measured potentiometrical-
ly in a water suspension in accordance with
DSTU ISO 10390:2022 (2022).

Plant and Soil Science 17(3)
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Spatial analysis was carried out using ge-
ographic information system (GIS) mapping.
Based on the laboratory results, spatial distri-
bution maps were produced for organic carbon
content, nitrate nitrogen content, and other ag-
ronomic soil properties. The topographic base
map was digitised, and subsequent spatial data
processing was performed in QGIS (Quantum
GIS) using the SAGA and GRASS toolsets. The
analyses were based on digitised topographic
maps at scales of 1:5,000 and 1:10,000. Parame-
ters of the Universal Soil Loss Equation (USLE)
were used to quantify terrain-induced erosion
hazard. The classical structure of the USLE
model followed the methodological framework
proposed by Wischmeier & Smith (1978), which
remains the foundation for subsequent modifi-
cations and spatial applications of the model in
the assessment of water-induced soil erosion.
The general form of the model is as follows:

A=RxKxLSxCxP, ®

where A - average annual soil loss; R - precipita-
tion erosion potential factor; K - soil erodibility
factor; LS - topographical factor for slope length
and steepness; C - vegetation cover and crop
management factor; P - anti-erosion measures
factor.

Within the scope of this study, the model
was used not to calculate absolute soil losses,
but to assess the spatial variation in erosion risk
and its relationship with agronomic soil indica-
tors. The main parameter was the topographical
factor LS, which combines the effects of slope
length and steepness. The slope steepness fac-
tor was determined using formula (2):

S=0.065+0.04541+0.00612, 2

where S - the slope steepness factor, charac-
terising the influence of surface gradient on the
potential intensity of water erosion; I — the slope
steepness, %.

The slope length factor was determined us-
ing formula (3):

L=(x/2213)™, (3)

where L - the slope length factor, which charac-
terises the influence of the length of the slope
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surface on the formation of surface runoff and
potential soil loss; x — slope length, m; 22.13 -
standard slope length adopted in the USLE mod-
el, m; m - exponent, the value of which depends
on the slope gradient. The value of the coeffi-
cient m was selected depending on the slope
gradient: 0.5 - for 1>25%; 04 - for 3<I1<5%; 0.3 -
for1<1<3%;0.2 — for1<1%.

For agronomic interpretation of the estab-
lished relationship, it was presented as a regres-
sion model in which organic carbon content was
treated as the dependent variable and the topo-
graphical factor LS as the independent variable:

Y=27175-0.5124x, (4)

where Y - organic carbon content, %, x - value of
the topographical factor LS.

For complex slope topographies, the cal-
culations were carried out for individual slope
sections, taking into account variations in slope
length and steepness. This made it possible to
reflect the spatial heterogeneity of the relief
more accurately and to identify sections with
varying potential for erosion processes. The lo-
cally refined soil erosion factor K was used as
a methodological refinement for assessing the
sensitivity of the soil cover to potential erosion.
At the same time, the main indicator for spa-
tial comparison with the agronomic properties
of the soil was the topographic factor LS of the
USLE model. For the conditions of the study
site, a locally calculated value of K=117+7.8%
was adopted in the corresponding units of the
model. It was also taken into account that the
difference between the K values for the upper
and lower parts of the slope was approximately
5%, with a linear increase down the slope. As a
detailed analysis of the structural factors influ-
encing the K-factor is the subject of a separate
study, in this article the K-factor was consid-
ered solely as a methodological refinement for
assessing erosion risk. The locally refined soil
erodibility factor K was regarded as a tool for
improving the accuracy of assessing the soil
cover’s susceptibility to potential erosion. The
main spatial indicator, which was correlated
with the content of organic carbon, nitrate ni-
trogen and soil pH, was the topographic factor
LS of the USLE model.

(=
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Statistical analysis of the results was car-
ried out using Microsoft Excel and Statistica
10.0. To characterise the variability of the indi-
cators, the arithmetic mean, standard devia-
tion, standard error and coefficient of variation
were determined. The relationship between
the topographic LS factor, organic carbon con-
tent and nitrate nitrogen content was assessed
using Spearman’s non-parametric rank corre-
lation coefficient. A linear regression model
was used to quantitatively describe changes in
organic carbon as a function of the topograph-
ic LS factor. Additionally, the values of the LS
factor were grouped in intervals of 0.22, after
which the statistical characteristics of organ-
ic carbon content were determined for each
group. Differences and relationships were
considered statistically significant at a signifi-
cance level of p<0.05. Based on the established
relationship between erosion risk parameters
and organic carbon content, an approach was
developed for constructing a map of correc-
tion coefficients for the resource potential of
the soil cover. The organic carbon values in the
least eroded areas were taken as the baseline,
and deviations of the actual values from this
baseline were used to assess the spatial de-
cline in agricultural potential.

RESULTS
The study conducted in 2024-2025 showed that
the soil cover of eroded slope lands is character-
ised by marked spatial heterogeneity in agro-
nomic indicators. This heterogeneity is a natural
consequence of the long-term development of
water erosion, which has resulted in the forma-
tion of eroded, slightly eroded, and deposition-
al soil units within the same experimental site.
This leads to varying levels of resource potential
in the soil cover, even within a single field. Labo-
ratory analysis of 68 soil samples collected from
the arable soil layer revealed significant variabil-
ity in organic carbon content. The values ranged
from 1.35 to 3.05%, indicating significant spatial
differentiation in the humus content of the soils
in the study area (Fig. 1). The lowest organic car-
bon values were found in the most eroded parts
of the slope and in the drainage depressions,
where prolonged leaching of the topsoil had
led to a reduction in the humus content and a

)

decline in the resource potential of the soil cover.
At the same time, higher values of this indicator
were observed in less eroded or accumulative
areas, where there was a partial accumulation of
fine soil and organic matter. The spatial distri-
bution of organic carbon, as shown on the map,
confirms a systematic relationship between the
erosional transformation of slope lands and
changes in soil agronomic potential. Areas with
reduced organic carbon content form spatial
zones with lower resource potential, which is of
significant agronomic importance for planning
fertilisation systems, assessing the stability of
agrophytocenoses and implementing elements
of precision farming.

- | Organic carbon

| content, %

Figure 1. Spatial distribution cartogram
of organic carbon content in the soils
of the experimental site
Source: compiled by the authors

Unlike organic carbon, the spatial distribu-
tion of nitrate nitrogen was more localised and
less stable (Fig. 2). The map of nitrate nitrogen
content shows a marked mosaic pattern, which
does not always coincide with the main features
of the terrain. This is explained by the high dyna-
mism of the nitrate form of nitrogen, its depend-
ence on current moisture levels, temperature
conditions, the rate of organic matter minerali-
sation, uptake by plants and previous agronom-
ic practices. It is therefore advisable to regard
nitrate nitrogen primarily as an indicator of the
current state of plant mineral nutrition, rather
than as a stable indicator of long-term erosional
transformation of the soil cover.

Plant and Soil Science 17(3)
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Nitrate nitrogen content, mg/100 g
I 199

4.19

6.3

8.58
B 10.78

Figure 2. Spatial distribution cartogram
of nitrate nitrogen content in the soils
of the experimental site
Source: compiled by the authors

The soil environment also exhibited spa-
tial variability: the pH values of the soil solution
ranged from 6.52 to 8.51. This range indicates
the heterogeneity of soil conditions within the
study plot, which may be linked to erosion and
accumulation processes, the redistribution of
carbonate material, and differences between
eroded and deposited components of the soil
cover. However, within the scope of this study,
the main focus was on organic carbon content
as the most informative indicator of long-term
changes in the agropotential of eroded slope
lands. The next stage of the study involved de-
termining the spatial distribution of the top-
ographic factor LS in the USLE model, which
characterises the influence of slope length and
steepness on the potential for water erosion.
Within the study area, LS values ranged from
0.039 to 2.22, indicating significant spatial het-
erogeneity in the relief-induced erosion risk.
The lowest values of the topographic factor were
characteristic of the flatter parts of the area,
whilst the highest values were confined to slope
features, where the combination of slope length
and steepness creates conditions for increased
surface runoff and potential soil erosion. It is
precisely these areas that can be regarded as
zones of increased risk of a reduction in the ag-
ricultural potential of the soil cover (Fig. 3).

Plant and Soil Science 17(3)
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Figure 3. Spatial distribution cartogram
of LS topographic factor values
of the USLE model at the experimental site
Source: compiled by the authors

A comparison of the spatial distribution
of the topographic factor LS with organic car-
bon content revealed a clear pattern: as the
relief-induced risk of erosion increased, the
organic carbon content in the arable soil layer
decreased. This relationship is agronomical-
ly sound, as it is precisely in areas with higher
LS values that conditions are created for more
intense surface runoff, leaching of the topsoil
and loss of organic matter. Correlation anal-
ysis confirmed a strong inverse relationship
between the topographic factor LS and organic
carbon content. Spearman’s rank correlation
coefficient was r=-0.725, indicating a statisti-
cally significant relationship between the pa-
rameters of slope processes and the humus
status of the soil cover. The result obtained
confirms that organic carbon is a sensitive
indicator of long-term erosional transforma-
tion of haplic chernozem on sloping land. A
graphical representation of the relationship
between organic carbon content and the topo-
graphic factor LS is shown in Figure 4. The dis-
tribution of data points on the graph confirms
a general trend towards a decrease in organic
carbon content as LS values increase. At the
same time, the presence of isolated deviations
from the trend line indicates the influence of

c
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additionalspatialfactors,inparticularmicro-re-
lief, local accumulation zones, protective forest

strips and the characteristics of previous agro-
nomic use of individual parts of the study plot.
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Figure 4. Relationship between organic carbon content and the LS topographic factor
of the USLE model in soils of the experimental site

Source: compiled by the authors

According to Equation 4, an increase in the
LS value by one conventional unit is accompa-
nied by a 0.5124% reduction in organic carbon
content. This makes it possible not only to iden-
tify spatial heterogeneity in soil humus content,
but also to quantitatively assess the potential re-
duction in the resource capacity of the soil cov-
er as the risk of erosion increases. The practical
significance of this relationship lies in the fact
that the topographical LS factor can be used as
a spatial predictor of the decline in the agricul-
tural potential of eroded slope lands. Combined
with actual data on organic carbon content, this
provides a basis for constructing map charts
showing adjustments to the resource capacity
of the soil cover and for the subsequent appli-
cation of differentiated agronomic measures. A
correlation analysis was carried out to clarify the
nature of the relationships between erosion risk
parameters and agronomic soil indicators. The

)

results confirmed that the strongest relation-
ship was found between the topographic factor
LS and organic carbon content. In contrast, the
relationship between LS and nitrate nitrogen
content was weak.

The data presented indicate that the top-
ographical factor LS has a close inverse rela-
tionship with organic carbon content, whilst
its relationship with nitrate nitrogen is almost
non-existent (Table 1). This is explained by the
different nature of the indicators under study.
Organic carbon is a relatively stable indicator
of long-term changes in soil cover; thus, it more
clearlyreflectsthe effectsof erosionalredistribu-
tion of soil mass within a slope. Nitrate nitrogen,
by contrast, is a dynamic form of mineral nutri-
tion, the content of which changes rapidly under
the influence of soil moisture, temperature, the
rate of organic matter mineralisation, uptake
by plants and previous agronomic practices.

Plant and Soil Science 17(3)



Shevchenko et al.

Table 1. Correlation matrix between the USLE LS topographic factor and agronomic soil indicators

Indicator USLE LS factor Nitrate nitrogen content Organic carbon content
LS USLE - -0.066 -0.725

Nitrate nitrogen content -0.066 - 0.241

Organic carbon content -0.725 0.241 -

Source: compiled by the authors

The weak correlation coefficient between LS
and nitrate nitrogen, which stood at r=-0.066,
indicates that the nitrate form of nitrogen can-
not serveasareliable indicator oflong-term ero-
sion-induced differentiation in agricultural po-
tential. Its spatial distribution primarily reflects
the current state of nitrogen supply, rather than
the cumulative result of erosion-induced trans-
formation of the soil cover. At the same time, the
weak positive correlation between nitrate nitro-
gen content and organic carbon, r=0.241, may
indicate that organic matter plays a certain role
in shaping the soil's mineral nitrogen regime.
However, this correlation was not strong enough
to consider nitrate nitrogen as the primary indi-
cator for the spatial assessment of the agricul-
tural potential of eroded slope lands. Thus, in the
subsequent analysis, the main focus was placed
on organic carbon as an integral indicator of the

resource potential of the soil cover. To assess in
greater detail the impact of relief-induced ero-
sion risk on soil humus content, the values of
the topographic factor LS were grouped in in-
crements of 0.22. This approach made it possible
not only to establish the general trend in organic
carbon changes but also to assess the variabili-
ty of this indicator across different levels of po-
tential slope process activity. The results of the
grouping showed that, at lower values of the
topographic factor, the average organic carbon
content was higher. In groups with relatively low
LS values, the average organic carbon content
ranged from 2.610-2.636% (Table 2). In contrast,
in groups with higher LS values, this figure de-
creased to 1.853-1.949%. This pattern confirms
that an increase in relief-induced erosion risk is
accompanied by a reduction in the resource po-
tential of the soil cover.

Table 2. Statistical characteristics of the distribution
of organic carbon content depending on the values of the topographic factor LS

Group ol\;::\?:hr':r:s calr\ﬂzar‘\ncg;%::ltf % Standard deviation Standard error cv‘:'::;f:'t;f

1 3 2.610 0.236 0.137 9.059

3 4 2.540 0.101 0.050 3.976

4 5 2.634 0.272 0.122 10.337

5 10 2.636 0.198 0.063 7.509

6 15 2.394 0.307 0.075 12.842

7 16 2.123 0.260 0.065 12.242

8 11 1.949 0.314 0.095 16.087

9 4 1.853 0.296 0.148 15.986
Total 68 2.302 0.374 0.046 16.194

Source: compiled by the authors

The data in Table 2 show that as the LS fac-
tor increases, not only does the average organic
carbon content decrease, but the spatial varia-
bility of this parameter also increases. In groups
with lower LS values, the coefficient of variation
generally did not exceed 10.337%, whereas in
groups with a higher risk of erosion, it rose to
15.986-16.087%. This indicates a more complex

Plant and Soil Science 17(3)

spatial structure of the soil cover under con-
ditions of intensified slope processes. The in-
crease in the variability of organic carbon at high
LS values can be explained by a combination of
planar and linear erosion, local redistribution
of soil material, the influence of micro-relief
and the presence of accumulation zones. Under
such conditions, even closely situated plots may
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differ significantly in their organic carbon con-
tent, which complicates the application of a sin-
gle, field-wide assessment of fertility.

The results obtained are of significant ag-
ronomic importance. At lower levels of erosion
risk, the soil cover was characterised by a rela-
tively higher and more stable organic carbon
content. At higher levels of the LS factor, there
was a simultaneous decrease in the average val-
ue of the indicator and an increase in its heter-
ogeneity. This implies that eroded slope lands
require not only a general improvement in soil
resource capacity but also a spatially differen-
tiated approach to fertility management. The
grouping of LS-factor values confirmed the fea-
sibility of using parameters of relief-determined
erosion risk to identify zones with varying levels
of agropotential. The parts of the study plot most
at risk of erosion were characterised by lower
organic carbon content and greater variability
in humus status, which provides a basis for con-
structing map charts of correction coefficients
for the resource capacity of the soil cover.

Based on the established relationship be-
tween the topographic factor LS and organic
carbon content, an approach was developed for
constructing a map of correction coefficients
for the resource capacity of the soil cover. The
average organic carbon content in the least
eroded areas, which stood at 2.61%, was taken
as the baseline. Deviations of actual organic
carbon values from this level were used as the
basis for the spatial adjustment of agricultur-
al potential. This approach makes it possible
to move from an average-field assessment of
fertility to a spatially differentiated characteri-
sation of the soil cover. Areas where the organ-
ic carbon content was close to or exceeded the
baseline level can be regarded as zones with
relatively higher resource potential. Conversely,
areas with reduced organic carbon content are
characterised by lower agricultural potential
and require adjustments to the fertilisation re-
gime, erosion control measures and agricultur-
al management practices. The map of correc-
tion factors shows that the spatial decline in soil
resource potential is uneven (Fig. 5). The great-
est deviations from the baseline organic carbon
level are confined to erosion-prone sections of
slopes and drainage basins. This indicates that

it is precisely these parts of the field that are
most vulnerable to degradation processes and
require priority attention when planning soil
conservation measures.

correction coefficient
o5
1 0.66
B 0.85
& 1 1.00
12

Figure 5. Cartogram of correction coefficients
for soil cover resource capacity
at the experimental site
Source: compiled by the authors

The practical value of the proposed map
lies in its potential for use in differentiated fer-
tility management. In particular, it can serve as
a basis for refining application rates of organic
and mineral fertilisers, planning measures to
preserve soil organic matter, selecting soil-con-
serving tillage techniques, and identifying areas
where agro-phytocenoses may be more sus-
ceptible to drought, nutrient deficiency or other
stress factors. Of particular significance is the
potential for using such maps in precision farm-
ing systems. Given the spatial heterogeneity of
eroded slope lands, applying a single fertiliser
rate across the entire field may not be suffi-
ciently effective. On plots with lower agricultural
potential, it is advisable to implement measures
aimed not only at compensating for nutrient de-
ficiencies, but also at restoring organic matter,
improving soil structure and reducing the risk of
further erosion.

The proposed approach can also be used to
adjust the application rates of certain soil-ap-
plied products, the efficacy and safety of which
depend on organic matter content. This is par-
ticularly relevant for basal soil herbicides, whose
action is largely linked to the soil's sorption
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capacity. In areas with reduced organic carbon
content, the risk of changes in the behaviour of
such products may be higher; therefore, taking
the humus status into account spatially is of sig-
nificant agronomic importance. Thus, the map
of correction factors is not only the result of spa-
tial analysis but also a practical tool for manage-
ment decision-making. It enables the assess-
ment of the heterogeneity of the agropotential
of eroded slope lands, the identification of zones
with varying levels of soil resource capacity, and
the establishment of a basis for the differentiat-
ed application of agrotechnological and soil con-
servation measures.

DISCUSSION

The results obtained confirm that the spatial
differentiation of the agricultural potential of
eroded slope lands should be assessed not only
on the basis of average agrochemical indica-
tors, but also in relation to their connection with
the morphometric parameters of the relief. The
most important scientific finding established
in this study is the close inverse relationship
between the topographic factor LS of the USLE
model and the organic carbon content in the
arable soil layer. Spearman’s correlation co-
efficient was r = -0.725, and the linear model
Y =27175 - 0.5124x showed that as the LS value
increases, there is a systematic decrease in or-
ganic carbon content. This provides grounds for
considering the LS factor not only as an indica-
tor of potential erosion risk, but also as a spatial
predictor of the decline in the resource capacity
of the soil cover. The validity of this approach is
consistent with current developments in ero-
sion modelling. P. Borrelli et al. (2021) note that
water erosion models are increasingly being
used not only to assess soil loss but also for the
spatial analysis of degradation processes in ag-
ricultural landscapes. N. Bezak et al. (2024) also
emphasise the importance of multi-model ap-
proaches to assessing erosion risk, as different
models and parameters may reflect the spatial
heterogeneity of erosion processes in different
ways. In this context, the use of the LS factor
for the agronomic interpretation of the spatial
differentiation of organic carbon is a logical ex-
tension of modern approaches to assessing soil
cover degradation.
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This finding is consistent with modern ap-
proaches to assessing intra-field variability in
organic carbon. B. Cutting et al. (2024) demon-
strated that topography plays an important role
in shaping the spatial distribution of organic
carbon within a field; consequently, relief pa-
rameters can be used for its remote and spatial
assessment. Similarly, in the current study, it
was the topographic factor LS that explained the
systematic decrease in organic carbon on ero-
sion-prone sections of the slope. At the same
time, this study extends this approach, as it uses
LS not only as an auxiliary topographic variable,
but as a basis for the agronomic interpretation
of the agricultural potential of eroded land. To a
certain extent, the authors’ results are also con-
sistent with the findings of R. Nési et al. (2023),
who note that basic soil quality indicators and
topographical parameters can explain the spa-
tial heterogeneity of agricultural fields. For erod-
ed slope lands in the Left-Bank Forest-Steppe
of Ukraine, this pattern manifested itself in a
decrease in the average organic carbon content
from 2.610-2.636% in groups with lower LS val-
ues to 1.853-1.949% in groups with an increased
level of relief-induced erosion risk. Consequent-
ly, spatial variations in humus status are not
random but are linked to the long-term impact
of slope processes.

It is important to note that as the LS factor
increased, there was not only a decrease in the
average organic carbon content, but also an in-
crease in its variability. The coefficient of var-
iation in groups with higher LS values rose to
15.986-16.087%. This indicates a more complex
spatial structure of the soil cover under condi-
tions characterised by a combination of planar
erosion, local accumulative redistribution of soil
material, the influence of micro-relief and the
possible influence of protective forest strips. A
similar role of relief in shaping the spatial het-
erogeneity of organic carbon is noted by J. Kal-
ambukattu et al. (2025), who emphasise the im-
portance of digital mapping of organic carbon
in complex relief conditions. In the case of this
study, such heterogeneity confirms the need to
move from an average-field assessment of fer-
tility to spatially differentiated management.
The importance of organic carbon as an indi-
cator of erosion-induced transformation is also
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confirmed by the findings of N. Manninen et
al. (2023), who demonstrated the contribution of
water erosion to the transport of organic carbon
and total nitrogen from agricultural soils. These
findings reinforce the conclusion that organic
carbon reflects not only the current level of soil
fertility but also the cumulative effects of ero-
sion-induced redistribution of soil material.

The weak relationship between the LS topo-
graphic factor and nitrate nitrogen content also
merits discussion. In the present study, the cor-
relation coefficient between these variables was
only r=-0.066, indicating an almost non-exist-
ent direct relationship between relief-induced
erosion risk and the current content of nitrate
nitrogen. This does not mean that nitrate ni-
trogen is of no agronomic significance. On the
contrary, it is an important indicator of the cur-
rent state of plant nutrient supply. However, its
spatial distribution is influenced by many short-
term factors: soil moisture, temperature, min-
eralisation of organic matter, fertilisation, plant
uptake and previous agronomic operations. This
conclusion is consistent with the findings of
J. Schuster et al. (2023), who demonstrated that
spatial variations in the nitrogen balance and
nitrate leaching on heterogeneous arable fields
depend on a combination of soil properties and
digital indicators of field condition. O. Chiriac et
al. (2025) also emphasise the complex nature
of the spatial variability of the nitrogen balance
and its relationship with soil properties. Thus,
the weak correlation between nitrate nitrogen
and the LS factor in this study is to be expected:
nitrate nitrogen primarily reflects the short-
term functional state of the soil, whereas or-
ganic carbon better characterises the long-term
erosional transformation of the soil cover.

The weak positive correlation between ni-
trate nitrogen and organic carbon content,
which wasr=0.241, indicates that organic matter
plays a certain role in shaping the soil's mineral
nitrogen regime. However, this correlation was
not strong enough to allow nitrate nitrogen to be
used as the primary indicator of the agricultur-
al potential of eroded slope lands. A similar dis-
tinction between the more stable indicators of
carbon status and the more dynamic indicators
of the nitrogen regime is evident in the study by
B. Xu et al. (2024), where the spatial distribution

»)

of carbon and nitrogen depended on land-use
type and soil conditions. In the context of this
study, this confirms the appropriateness of us-
ing organic carbon as a baseline indicator for
the spatial adjustment of the resource capacity
of the soil cover. This is precisely why organic
carbon, rather than nitrate nitrogen, was used to
construct the map of agro-potential correction
factors, as the former reflects the cumulative re-
sult of erosion-induced transformation, whilst
the latter primarily reflects the current state of
mineral nutrition. A similar pattern is reported
by J. Tian et al. (2023), who found that the spa-
tial distribution of organic carbon and nitrogen
within a micro-catchment is shaped by a com-
bination of natural and soil-related factors. This
confirms that nitrogen indicators cannot always
be directly linked solely to the morphometric
parameters of the relief, whereas organic car-
bon better reflects the long-term spatial differ-
entiation of the soil cover.

An important point of discussion is the use
of USLE model parameters not only to assess
potential soil erosion, but also for the agronomic
zoning of fields. N. Koralay § O. Kara (2025) ap-
plied RUSLE in combination with geoinforma-
tion technologies to assess the risk of erosion, as
well as losses of organic carbon and total nitro-
gen via suspended sediments. In this study, the
modelling approach was used in a different but
logically similar direction: not to directly deter-
mine losses via sediment, but to spatially assess
the reduction in agricultural potential due to
changes in organic carbon content. This opens
up a broader discussion regarding the potential
use of erosion models as a tool not only for soil
conservation but also for agronomic planning.
A similar approach to the application of erosion
risk models can also be seen in other recent
studies. M. Fadl et al. (2025) combined RUSLE,
geoinformation technologies and multi-criteria
analysis to assess soil erosion in Mediterranean
conditions. A. Fredj et al. (2024) demonstrated
the effectiveness of using RUSLE and geospa-
tial technologies to identify areas of heightened
erosion risk within catchment basins. N. Sama-
rinas et al (2024) expanded the capabilities of
RUSLE by incorporating artificial intelligence
and geospatial layers to assess soil loss in agri-
cultural areas. In contrast to these studies, the
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present research focuses not on mapping soil
loss as an end result, but on using the model pa-
rameters to spatially adjust agricultural poten-
tial based on organic carbon content.

Local refinement of the soil erosion fac-
tor is also crucial for interpreting the results
obtained. In the authors' study, the K-factor
was not the central focus of the analysis; how-
ever, taking it into account made it possible to
characterise the sensitivity of the soil cover to
potential erosion more accurately. B. Yosef et
al. (2025) emphasise that spatial variation in soil
characteristics can significantly influence the
assessment of soil erosion. This is consistent
with the approach adopted in the present study,
as the soil cover within a single slope is not ho-
mogeneous with respect to erosion susceptibil-
ity. At the same time, a more detailed assess-
ment of the K-factor, particularly taking into
account structural condition, aggregate water
resistance and water permeability, requires a
separate study. The practical value of the results
obtained lies in the fact that the established re-
lationship between the LS-factor and organic
carbon can be used to construct map charts of
correction coefficients for the resource poten-
tial of the soil cover. The organic carbon con-
tent in the least eroded areas was taken as the
baseline, and deviations from this level were
used for spatial adjustment of agricultural po-
tential. This approach makes it possible to iden-
tify areas where a reduction in organic carbon
is not only an indicator of degradation but also
a practical signal for changing the fertilisa-
tion regime, implementing soil conservation
measures and adjusting agricultural practices.

At the same time, the proposed approach
has certain limitations. The agricultural poten-
tial of sloping land is determined not only by the
length and steepness of the slope. It can also
be influenced by aspect, insolation conditions,
micro-relief, wind erosion, previous land use,
local agronomic practices and protective forest
strips. For this reason, the map of correction fac-
tors should not be regarded as a definitive, un-
changing characteristic of the field. It serves as
a basis for further refinement of a spatially dif-
ferentiated soil resource management system.
Overall, the results obtained confirm that the
parameters of relief-induced erosion risk can
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be used for the agronomic interpretation of spa-
tial heterogeneity in soil cover. In contrast to the
traditional approach, in which the USLE is used
primarily to predict soil loss, this study consid-
ers the topographic factor LS as an indicator of
a spatial reduction in agricultural potential. This
proposition may become the subject of further
scientific debate, as it combines erosion model-
ling, geoinformation analysis and the practical
challenges of precision farming.

CONCLUSIONS

The use of geographic information system map-
ping in combination with the parameters of the
USLE model made it possible to identify the spa-
tial heterogeneity of the agricultural potential of
eroded slope lands. Within the study plot, values
of the topographic factor LS ranged from 0.039
to 2.22, indicating significant differences in the
conditions governing surface runoff and poten-
tial soil loss even within a single field. The most
sensitive agronomic indicator of spatial differ-
entiation in the soil cover was the organic carbon
content. Its values in the arable soil layer ranged
from 1.35 to 3.05%, with lower values occurring
in erosion-prone sections of the slope and in
runoff basins. This confirms that the long-term
impact of water erosion manifests itself not only
in morphological changes to the soil cover but
also in a reduction in its resource potential. An
inverse relationship between the topographical
factor LS and organic carbon content has been
quantitatively confirmed. The Spearman’s cor-
relation coefficient was r =-0725, and the re-
gression model Y =27175 - 0.5124x showed that
an increase in LS is accompanied by a systemat-
ic decrease in organic carbon content. This pro-
vides grounds for using the LS factor not only to
characterise erosion risk, but also as a spatial in-
dicator of the decline in the agricultural poten-
tial of sloping land.

Clustering of the LS factor values revealed
that, as erosion risk increased, the average or-
ganic carbon content decreased from 2.610-
2.636% to 1.853-1.949%. At the same time, the
coefficient of variation increased to 15.986-
16.087%, indicating a more complex spatial
structure of the soil cover under conditions of
intensified slope processes. Nitrate nitrogen
showed a weak correlation with the topographic
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factor LS, r=-0.066; thus, it is advisable to con-
sider it primarily as an indicator of the current
state of mineral nutrition. For the spatial adjust-
ment of the agropotential of eroded slope lands,
the use of organic carbon is more justified, as it
better reflects the accumulated effects of ero-
sional transformation of the soil cover. Based
on the established relationship between the LS
factor and organic carbon, the construction of a
map of correction coefficients for the resource
potential of the soil cover is justified. This ap-
proach makes it possible to identify plots with
varying levels of agricultural potential and can
be used for differentiated fertilisation, planning
soil conservation measures, refining agricultur-
al practices and implementing elements of pre-
cision farming. Prospects for further researchlie
in verifying the proposed correction coefficients
in relation to crop yields, productive moisture
reserves, soil structure and the effectiveness of

differentiated fertilisation. The influence of pro-
tective forest strips, slope aspect, micro-relief
and local variability in soil erosion on the spa-
tial assessment of agricultural potential also re-
quires separate study.
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MpocTopoBa ouiHKa arponoTeHuiany epoaoBaHMUX
CXUNOBMUX 3eMenb 3a NapamMeTpamu moaeni USLE

AHoTauia. EpoioBaHi CXMIIOBI 3eMJTi XapaKTepUu3yIOThCsS 3HAYHOIO ITPOCTOPOBOI0 HEOTHOPIAHICTIO
TPYHTOBOTO TIOKPUWBY, WLIO VCKIAAHIOE OOG€EKTUBHY OLIHKY IXHBOTO arpoIOTEHLialy 3a
CepemHbOIIONIBOBUMY arpoXiMiYHUMM ITOKa3HMKAaMU. MeTOI0 HOCTIIKeHHS 6yI0 BCTAHOBUTU
3aKOHOMIPHOCTI IIPOCTOPOBOI OIiHKY arpoIIOTeHIiaNy epolOBAaHMX CXUIOBUX 3eMEJTh 33 3B'I3KOM
arpOHOMIYHMX ITOKA3HUKIB IPYHTY 3 mapameTpamu Mmomesti USLE (Universal Soil Loss Equation).
JocCHiZi>ReHHs TPoBOAWIU ¥ 2024-2025 poKax Ha HOCIIZHOMY I10JIi «[JOKy4aEBCbKe» [lepyKaBHOIO
bioTexHoOMOTiYHOTO YHiBepcuTeTy B yMoBax JliBobepeskHoro JlicocTery VkpaiHu. Bimbip 68
IPYHTOBUX TIpo6 3MiMCHIOBaNM 3 OPHOTO LIapy 3a HEPEryIApHOI MEPEKel0 3 ypaxyBaHHAM
ocobnuBocTel penbedy. V 3pasKax BU3HAYAIM BMICT OpTraHiUHOTO BYIVIELIO, HITPATHOTO a30Ty
Ta pH BomHMU. [IpOCTOPOBUM PO3IOZIN ITOKA3HUKIB OLIHIOBAJIK METOAOM reoiH$OpMAalliliHOTO
KRapTorpadyBaHHs, a epo3iliHy Hebe3NeKy xapaKTepU3yBalIM 3a TornorpadivHuM dakrtopom LS
Mogmeni USLE. YcTaHOBJIEHO, LI0 BMICT OpraHIYHOIO ByIVIeLlo 3MiHIOBaBcA Bin 1,35 mo 3,05 %, a
3HaueHHd LS - Biz 0,039 110 2,22. BUABJIEHO TiCHUM 06 pHEHN 3B’ A30K MiXK LS i BMiCTOM OpraHiyHOro
ByIJIello: KoeditlieHT Kopendawii CripMeHa ctaHOBUB -0,725. JliHiliHa Mogzenb Y = 27175 - 0,5124x
MiATBepAna 3HUKEHHS BMICTY OpraHiYHOTO BYIVIELO 3i 3pOCTaHHAM epo3iliHoi Hebe3neru. 3a

' @ Plant and Soil Science 17(3)


https://orcid.org/0000-0003-4915-1435
https://orcid.org/0000-0002-1055-4811
https://orcid.org/0000-0003-2663-0935
https://books.google.com.ua/books/about/Predicting_Rainfall_Erosion_Losses.html?id=rRAUAAAAYAAJ&redir_esc=y
https://books.google.com.ua/books/about/Predicting_Rainfall_Erosion_Losses.html?id=rRAUAAAAYAAJ&redir_esc=y
https://doi.org/10.5194/soil-10-61-2024
https://doi.org/10.3390/su16010444
https://doi.org/10.1007/s12665-025-12530-8

Shevchenko et al.

rpyIIyBaHHSA 3HAYEHB LS cepefHil yMiCT opraHiyHoro BymieLto 3MeHIyBaBcs 3 2,610-2,636 10 1,853-
1,949 %, Tozi AK 3B'A30K LS i3 HiTpaTHUM a30TOM 6yB Cy1abRUM, r=-0,066. OT)Ke, OpraHiuHUHI ByIJIELb
€ 6imbIl HAAIMHUM IHIUKATOPOM MPOCTOPOBOrO KOPUTYBaHHA arpoIlOTEHIay epojoBaHUX
CXWJIOBUX 3€M€JIb. 3aIIpOTIOHOBAHUM MigXiA Moske 6YTH BUKOPUCTAHUM 111 TO6YIOBU KapTorpaM

TIOTIPaBOYHUX KoedillieHTiB, AudepeHIifioBaHOTO YOOb6peHHSd, UIAaHYyBaHHSA T'PYHTO3aXHUCHUX
3aX0/IiB i BIIPOBaI)KeHHS eJIEMEeHTIiB TOYHOTO 3eMJIepo6CTBa

Knio4oBi cnoBa: OpraHiuHUN BYyIVIEllb; HITpAaTHUN a30T; TomorpadiuHui ¢akTop; pecypcHa
MOJKJIUBICTh I'PYHTY; reciHOpMaIliliHe KapTorpadyBaHHSI; YOPHO3EM TUIIOBUN
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