
sustainability

Article

A Detailed Identification of Erosionally Endangered
Agricultural Land in Slovakia (Case Study of
Nitra Upland)
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Abstract: Water erosion and its processes are the most widespread and serious degradation phenomena
in Slovakia (occurring in about 37% of the agricultural land). Given the increasing use of precise land
management, it is necessary to have more detailed databases, especially in erosion-accumulation
areas. The aim of the research was to identify in detail the areas of erosion-accumulation processes
induced by water erosion, which can be considered as highly heterogeneous. In the territory of the
Nitra upland the field survey methodology and grid mapping were used, the results of which were
verified through soil erosion models. The mapping was done at the topic level and was verified using
the USLE and ERDEP soil erosion models in ArcGIS. A comparison of the results of the potential
model and real field parameters of soil erosion in the Nitra upland enabled us to generate dominant
factors, respectively identify areas prone to soil erosion, and provided a detailed database for precise
farming. At the same time, the results became the basis for a review of the current classification by
erosion endangered soils. Overall, the methodology is suitable as a basis for developing sustainable
management proposals in agricultural land affected by soil erosion risk.

Keywords: grid mapping; USLE model; ERDEP model; water soil erosion; Nitra upland; soil
management sustainability

1. Introduction

Soil is an essential natural resource, ensuring the maintenance of socio-economic and ecological
systems on Earth. These systems do not serve only as a source of food and raw materials for the
inhabitants of the Earth (production and non-production soil functions), but have always indicated
the localization of human settlements and infrastructure—the main factors of regional territory
development. Since time immemorial, it has determined the appearance of the country and has
kept the testimony of a man of the past; it is a very important part of cultural heritage. Despite the
irreplaceable role it performs, its main meaning and function are not fully appreciated. The changes
that show the soil’s resistance to both natural and anthropogenic influences should make us much
more concerned with its protection. Anthropogenic impact on soil is manifested mainly by intensive
agricultural land use. Inadequate soil management causes a number of degradation processes, among
which soil erosion has a special position. It causes the release, relocation, and accumulation of soil
mass or even geological material in already slightly sloping terrains. As stated by [1] it manifests itself
by continuous movement of soil mass in the direction of gravity and can be very dangerous for soil
management. In some cases, erosion is considered a natural hazard, which can result in the complete
degradation of land to produce a derelict area [2,3].
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In terms of the work of [1] the Soil Fund of Slovakia belongs to four areas of influence of erosion
processes. Nitra upland, part of which is the subject of our research, is classified into a highly eroded
area. Rainwater appears to be the dominant erosive factor, the intensity of which increases depending
on the natural, but mainly anthropogenic, effects of the action. The effects of sudden tidal storms that
have been the result of emerging climate change in recent years have to be added.

Soil erosion research in recent decades in Slovakia has been carried out by many authors,
especially [1,4–6]. Great emphasis on preventing the effects of water erosion activity by modeling soil
erosion (which makes it possible to anticipate erosion and prevent soil erosion) was presented by the
Slovak authors [7,8]. Foreign authors dealt with this issue, especially [9,10]. Landscape modeling as
well as regional development issues are discussed in [11–14] and others. Application of the detailed
geoecological research, for use by the identification of natural elements of terroir, is here based on the
example of Slovakia. The characteristics of georelief and soil characteristics are the most important
elements of a terroir on a local scale [15–17].

The aim of the present paper is to identify in detail areas prone to soil erosion on a topic level,
(grid mapping) and using the models USLE and ERDEP to verify the results of field research. We expect
that by comparing the results of field research with individual characteristics of the territory i.e.,
input data of the model, we will be able to specify areas susceptible to soil erosion in dependence
on the acting dominant conditions. Based on the obtained results, we evaluated the change of soil
cover due to erosion-accumulation processes, re-evaluated and classified the current state of soil
cover, and evaluated measures that would lead to a reduction of negative impacts on agricultural
land. The contribution methodology can be used as a suitable basis for the elaboration of proposals
for sustainable management by erosion endangered agricultural soils. The original methodology is
proposed for a large area (regional level), we applied it to a small area (topic level), and so we proved
that it works at this level and is applicable to different types of territory and landscape. It could be used
in detailed field research. It is likely that ill-considered methods of soil management in the current
socio-economic conditions can cause irreversible effects on the quality and quantity of land resources,
and land can cease to be a natural productive resource for future generations.

2. Materials and Methods

2.1. Characteristics of Selected Soil Area

The selected mapped area, with an area of 36.77 ha, is located in the agricultural landscape of the
villages of Rišňovce and Rumanová and marginally touches the village of Velké Zálužie (Figure 1).
Administratively, it belongs to the Nitra region and Nitra district. It can be divided into two parts
because of the management of two entities—the eastern part, which is managed by Agrodružstvo
Rišňovce, and the western part, which is managed by the Farming Cooperative Rumanová. In the
country, this limit is determined by a small stand of trees. Geologically, this limit lies on the boundary of
Quaternary loess and Neogene sediments. Geomorphological setting belongs to the part of Zálužianska
upland, which is a part of the Nitra upland. In terms of relief, the mapped area can be divided
into three parts. The highest point represents the top part with the platform. It is situated in the
north-eastern part of the territory of interest, at an altitude of 220 m. The second part consists of a
slope, with a slope in the upper part of 3–7◦, in the middle part of 7–12◦, and in the lower part again of
3–7◦, with mostly SW orientation. The slope is bounded from the west and south by a valley whose
altitude is 160 m. The elevation of the mapped area is thus 60 m a.s.l. It climatically belongs to the
warm, very dry, lowland region. The distribution area of the two catchment areas of the Nitra and
Váh rivers passes through the mapped area. The territory lies on the boundary of Haplic Chernozems
and Haplic Luvisols and is pedogeographically complicated, i.e., pedodiversity occurs at intervals of
several tens of meters. Soils are used for growing crops, focusing on fodder and cereals.
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Figure 1. Soil types and land use of the studied area (a), western part (b), eastern part (c). 

2.2. Terrain Soil Mapping and GIS Processing 

Field grid soil research was carried out in accordance with standard soil mapping procedures 
designed in [18]. It was compiled by the authors [19]. On the contour line base there was created the 
network (grid) of 111 soil probes equally spaced by about 70 m (Figure 2). On average there were 3 
probes per 1 ha, which is confirmed by detailed mapping at a scale M: 1:10,000. The probes were 
drilled with Edelman’s soil drill to a depth of 120–130 cm, respectively, after reaching the soil-forming 
substrate. In ArcGISTM, each point in the network has been co-ordinarily identified by its geographic 
location. In the field, each point was searched by using GPS type eTrex Venture Cx. The localization 
of soil probes was digitized in ArcGISTM and a vectorized georeferenced data layer was created. The 
conception of elementary forms of georelief, which uses relief in the form of a boundary-forming 
factor [20–23], was used for processing the results of field mapping and delimitation of erosion-
accumulation areas. The analysis of the morphometric properties of the georelief (Figure 3) was 

Figure 1. Soil types and land use of the studied area (a), western part (b), eastern part (c).

2.2. Terrain Soil Mapping and GIS Processing

Field grid soil research was carried out in accordance with standard soil mapping procedures
designed in [18]. It was compiled by the authors [19]. On the contour line base there was created the
network (grid) of 111 soil probes equally spaced by about 70 m (Figure 2). On average there were
3 probes per 1 ha, which is confirmed by detailed mapping at a scale M: 1:10,000. The probes were drilled
with Edelman’s soil drill to a depth of 120–130 cm, respectively, after reaching the soil-forming substrate.
In ArcGISTM, each point in the network has been co-ordinarily identified by its geographic location.
In the field, each point was searched by using GPS type eTrex Venture Cx. The localization of soil probes
was digitized in ArcGISTM and a vectorized georeferenced data layer was created. The conception of
elementary forms of georelief, which uses relief in the form of a boundary-forming factor [20–23], was
used for processing the results of field mapping and delimitation of erosion-accumulation areas. The
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analysis of the morphometric properties of the georelief (Figure 3) was created on the basis of the digital
relief model (DMR). The basis for its construction were topographic maps M: 1:10,000 (map sheets
35-34-24 and 45-12-04), which were orto-rectified into the coordinate system S-JTSK (Křovák). By the
software R2V (© Albe Software Corp, Bratislava, Slovakia) was created contour vectorization raster
layers and by ArcGISTM (© ESRI, Bratislava, Slovakia) was generated input field altitudes. Based on
DMR, morphometric parameters of the surface were generated such as slope, orientation (exposure),
normal (slope) surface curvature, and horizontal (contour) surface curvature, in ArcGISTM by Spatial
Analyst and stored as a raster data layer (Figure 3). Based on the expert visual analysis of DMR, there
were generated areas of elementary forms of relief. In light of the above analysis, sudden changes
in relief in the form of slope, horizontal, and normal curvature, as well as exposure, were taken into
account. Obtained boundaries of the areas of elementary forms of the surface were finally adjusted on
the basis of field verification and correction.
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2.3. Soil Erosion Models

Computer models are applications (programs) that are used to predict the potential behavior of
a country. In terms of country studies, simulation modeling represents a dedicated system of input
data and knowledge of the particular country, thanks to which it is possible to model its selected
aspects [24].

In practice, water erosion modeling through the USLE universal soil loss equation is still the
most widely used method. It belongs to the empirical models derived from measurements in the
field or laboratory and statistical processing. The basic equation has been modified several times
(RUSLE, MUSLE, etc.) and adjusted to the conditions of Slovakia. At present, it is the way to replace
this model with more complex models that would better characterize the process itself. For example,
the USLE method only deals with soil removal from a given location on a slope; it also does not consider
sedimentation and soil benefits from higher slopes. Among the models that also solve sedimentation,
belongs, for example, the dynamic model based on physical basis ERDEP—Erosion Deposition. Besides
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these differences in the features of the models, both offer a number of advantages as an interface with
GIS (easier to include diversity in the calculations), such as acceleration calculations for large areas
(these cases have enough valuable quality digital map data and information layers), detailed and
developed input factors, and efficient and easy presentation of results. Analysis of advantages and
disadvantages, resp. Weaknesses of individual models are mentioned in the article [22]. These were
disproved in the work of [25] and thanks to the research, research was carried out on a topical level
(Nitra upland on the property with heterogeneous input data—subsoil, relief, soil, and vegetation).Sustainability 2020, 12, x FOR PEER REVIEW 5 of 14 
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2.3.1. Model USLE

Created by [9]. It is one of the basic and most widely used models to assess potential erosion
intensity. The relation to the calculation of erosive drift is expressed by the universal soil loss equation
(USLE):

G = R × K × L × S × C × P

It is expressed by the indicator (G) of the average long-term soil loss (t·ha−1
·r−1) dependent on the

R-factor of rain erosion efficiency (MJ·ha·cm·h), K—the soil erodibility factor (t·ha), L—slope length
factor (m), S—slope factor, C—vegetation protection factor, and P—erosion control efficiency factor.

2.3.2. Model ERDEP

It is one of the possible solutions of water erosion simulation, more fully characterized in the
works. It is based on the application of the theory of unitary power flow and the theory of physical
fields in the GIS environment. It is a calculation of sediment flow per unit width of flow (kg·m−1

·s−1)
at a given point and time, and subsequently a calculation of the intensity of erosion or accumulation
(kg·m−2

·s−1). The model is based on the physical nature of the erosion-accumulation process and
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applies to a specific moment of time and is applicable to individual precipitation events significant
in terms of erosion and accumulation. It is based on the relief impact (by means of the inclination,
orientation, and normal curvature in the direction of the down curve of a normal curvature in the
direction of the tangent to the contour line), vegetation (braking performance plant cover), and the
properties of soil elements (median diameter of the sedimentation of the elements, the sedimentation
rate of the transmitted particles, the depth of water, relief slope, and kinetic viscosity of water).

Originally, the methodology of the USLE and ERDEP models was proposed for a large area (e.g.,
the whole of Europe). We have verified this methodology to a small area (topical level) and this
methodology has been proved. Therefore, we consider that the methodology can also help in the
detailed mapping of a small area.

3. Results

Based on theoretical knowledge, grid field research, and the modeling of soil erosion, we found
that in the area of interest expressed in terms of work [26], flat (areal) erosion by direct human impact
to the soil according to [1] passed to direct anthropogenic erosion, respectively of erosion [27–31]. It is
manifested by the occurrence of erosion, accumulation, or overlapping areas.

3.1. Field Soil Research

A detailed analysis of the results of field mapping showed that the whole area of interest is affected
by surface water erosion. In order to identify areas with the strongest erosion activity, and consequently
dominant factors and conditions increasing the intensity of erosion activity, we modified the boundaries
of topsoil horizon and created a map of the areas of elementary forms of geo-relief of the area of interest
(Figure 4).Sustainability 2020, 12, x FOR PEER REVIEW 7 of 14 
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This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can
be drawn.

Real erosion-accumulation processes taking place in the model area are presented by a map of
erosion-accumulation areas. Created areas were identified in terms of SPS (2014), [18] eroded in soil
form (E), accumulated (H), overlapped (Y), and bounded by elementary forms of georelief. They were
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identified on the basis of the depth of the surface humus horizon (A—horizon) of individual soil types.
The average depth of the A—horizon of Chernozems (CM) was 50 cm, with Arenosols (RM) at 33 cm,
and Luvisols (HM) at 28 cm. We found that almost all soils on slopes with a slope less than 3◦ were
accumulated and eroded on slopes with a slope greater than 3◦. Similar research results, in which
there were significant manifestations of erosion in moderately rugged upland parts, were documented
by [10]. To identify dominant factors, respectively, under the conditions of erosion activity the average
depths of humus horizons of individual soil types were determined as follows:

• CM: CM/e—eroded: <40 cm, CM/h—accumulated: >50 cm, CM/y—overlapped: 120 cm,
• RM: RM/e—eroded: <20 cm, RM/h—accumulated: >30 cm, RM/y—overlapped: 120 cm,
• HM: HM/e—eroded: <20 cm, HM/h—accumulated: >30 cm.

Border treatment has identified areas with the most intense potential for water erosion. In fact,
erosive areas of ČMa (Chernozems) with a depth of humus horizon of less than 40 cm were generated.
Their area was 3.12 ha, which is 7% of the territory. They were created on loess, on slopes with a 3–7◦

gradient, and on convex-convex (VV) forms of relief.
Subsequently, a significant proportion of accumulated areas (H) was found: up to 30% of the area

(10.95 ha). They are covered not only with accumulated forms of ČMa, but also RMa and HMa on
slopes with a slope of 3–7◦. From the morphometric point of view, they bind to the concave-concave
(KK) to concave-convex (KV) forms of relief in the western part of the area of interest, i.e., on a slope of
greater length, with a predominantly homogeneous substrate. In the eastern to south-eastern part,
on a slope of shorter length, with non-homogeneous backing material, they bind to convex-linear (VL)
and in some cases convex-convex (VV) forms of relief. However, this result contradicts the generally
accepted theory of soil accumulation. According to the authors [32–37], on VV and VL forms erosion
processes occur, not accumulation. This can be explained by a sudden change in slope and a change in
the graininess of the clay-to-clay substrate. The second hypothetical option would be the fact that the
whole eastern part of the territory was in the past naturally formed by very deep, perhaps 100 cm,
Chernozems, as we identified two Chernozems areas with a humus horizon depth over 60 cm in the
top part with flat relief.

A more intensive accumulation process created overlapped areas (Y) of ČMa and RMa with a depth
of humus horizon of approximately 120 cm, with an area of 5.07 ha, which is 13% of the area of interest.
These areas were formed on loess and colluvial alluviums of long bottom forms of slopes bounding the
western and southern part of the area of interest, with a gradient of 1–3◦, but also depressed in the
central part, with a slope of 3–7◦. According to the Morphogenetic Soil Classification System (SPS 2014),
some of them had to be mapped as Regosols, although the stratification of soil profiles showed that it
was a coluvial material overlapping the humus horizon, and so rather Coluvisols as proposed by [38,39].
From a morphometric point of view, the sites in depressed forms bind (overlapping) exclusively to
concave-concave (KK) forms of relief. The findings are in agreement with [1] who reports that the slope
and transport capacity increase with the length of the slope and that there is an increased accumulation
of soil material in the lower part, i.e., overlapping.

3.2. Determination of the Intensity of Potential Erosion by USLE and ERDEP Models

The model of potential intensity of erosion was solved based on interrelations of factors of rain
erosion efficiency (R), soil erodibility (K), slope length and slope (LS), vegetation protection (C),
and erosion control (P) in the sense of [25]. It was found that the intensity of erosion activity increases
in the SW direction and the whole central part shows a high potential for erosion activity. Since the
USLE model was determined for the topical level, the reliability of its results were verified by the
ERDEP model. This almost identical model delimited erosive areas using the diffuse boundaries of soil
areas. For the benefit of this model, we consider that it evaluates the accumulation of positive figures
and erosion negative figures (Figure 5).
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For the categorization model territory we used the four categories of average annual soil loss
referred to in [40]; 11.46 ha (31.2%) of the total area of the land is included in the category of no to slight
land loss. In the category of medium soil loss it is 7.84 ha (21.3%), in the category of high soil loss it is
14.98 ha (40.7%), and in the category of extreme soil loss it is 2.49 ha (6.8%). For the category of extreme
soil loss we recommend to check the form of relief. In the case of concave (depressed) forms it is the
accumulated material of the topsoil that identifies the overlapped forms of soil types. The strength of
the model USLE is an illustration of the sharp border area, which is more applicable to real use.

3.3. Identification of Dominant Factors and Conditions

The origin, course, and intensity of erosion is influenced by natural and anthropogenic factors.
There are five groups of factors that influence erosion processes on agricultural land: climatic and
hydrological, geological and soil, morphological, vegetational, and factors regarding the way of
soil management.

The first group of climate and hydrological changes has not been taken into account in the analysis
of factors as it is a small area with climatically homogeneous conditions.

Groups of geological and soil factors are also understood as homogeneous. Almost the entire area
of 90% (33.08 ha) consists of dust-loamy loess, only a small part of 5% (1.98 ha) of polygenetic and loess
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sediments, 2% (0.62 ha) of coluvial sediments, and 3% (1.09 ha) Neogene (limnic to brackish) sediments.
We believed that the factor belonging to that group would have a negligible impact on water erosion.
However, field research has shown that 3% of the area formed by neogene clayey sediments caused a
sudden change in graininess and skeleton, and in our case up to 10% in topsoil and subsoil. This means
that soil conditions in a given area alleviate, and in some cases even eliminate, erosion processes and
have high efficiency.

Based on previous analyses, we considered the group of geomorphological conditions to be
dominant, affecting the intensity of water erosion activity. The relief feature that most intensively
affects erosion-accumulation processes in the monitored area has been identified. The digital relief
model (DMR) made it possible to observe five relief features: hypsometry, slope, exposure, horizontal,
and normal curvature. In terms of morphometric characteristics we have not considered as dominant:

• altitude, since the elevation reached only 60 m above sea level,
• exposure that is the whole area mostly south-west oriented,
• horizontal curvature, in which the material is concentrated in the concave relief forms and the

accumulation process occurs.

The most significant influence of the morphometric properties of the relief appeared to be the
relationship between the slope and the vertical (normal) curvature of the relief. Based on the works
of [41–45], slopes with a slope greater than 3◦ show susceptibility to soil erosion. Therefore, our focus
has been on the 3–12◦ slopes. From the geological data it was found out that the subsoil of the slopes
with the highest slope of 7–12◦ in the eastern part of the mapped area is formed by neogene clayey
sediments, the occurrence of which was also confirmed by field research. Therefore, we thought that in
the field survey these soils would not show extreme erosion as suggested by the model. This hypothesis
was confirmed. It has been shown that sudden changes in grain and skeleton, in our case up to 10%
in topsoil and subsoil, alleviate and in some cases even eliminate erosion processes. We, therefore,
agree with the work of [4,46] who claim that soil with a higher slope and higher clay content appears
to be less eroded than soil with a lower slope and lower clay content. Cartographic processing of the
results of this field survey were generated in the eastern part of three smaller erosion areas with a
slope of 3–7◦ with convex normal curvature relief. These areas were created at the transition of the
inclination of the relief. Two erosion sites were created in the western part.

Based on the use of morphometric methods of research soil erosion [26], we state that the relief is
a significant condition affecting the intensity of erosion. By DMR in the study area we have generated
delimitation areas with the highest potential for erosive activity. Subsequently, we identified dominant
conditions of erosive activity, which are the slope and slope curvature, not the vertical curvature of
long slopes. According to them, slopes with a slope of 3–12◦ on convex forms of relief should have the
greatest potential for erosion. The first three groups point to the factors and conditions of a natural
character. The last two groups of vegetation and the way of land management are anthropogenic.
The factors of these two groups can significantly increase the environmental impact and thus contribute
to reducing erosion, in particular by applying sustainable land management. However, the mapping
revealed that crops with low erosion efficiency of broad-row zea maize crops and crops with good
erosion efficiency of narrow-grain cereal crops were mostly grown in areas with a high slope of 3–12◦.
In accordance with the anti-erosive crop rotation method for maize cultivation, it was appropriate to
use the possibility of pitting the soil surface or other roughening of the surface. However, we did not
identify these practices during the research.

4. Discussion

Proposals for Soil Protection

There are several ways to implement sustainable land management practices that contribute
to reducing negative impacts on agricultural land. These include the maintenance of good soil
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environmental conditions that have been implemented under GAEC—Good Agricultural and
Environmental Conditions under the EU Common Agricultural Policy. The GAEC requirement
refers to a series of standards captured in the new programming period 2014–2020 in the Rural
Development Program, which aims, inter alia, to promote sustainable land management and ensure
the protection of soil from degradation.

Based on the research we have confirmed that slope tendency has the greatest influence on the
intensity of erosion. Intensive land use is also realized on slopes with an inclination of 7–12◦. Erosion
protection of the soil is not respected on the areas with the mentioned tendency. This approach is
contrary to the principles of optimal and sustainable use of arable land, because such slopes require the
consistent application of anti-erosion practices. It has been found that crops with low erosion efficiency
of broad-row maize crops and those with good erosion efficiency of narrow-grain cereal crops have
been grown in areas with an inclination between 3–12◦. Crops with long erosion effects should be
grown on the mapped areas exposed to erosion throughout the vegetation period. These are crops
such as clover grasses, grassland, winter crops, peas, common beans, and so on. It also expects strict
cultivation to contour machining, or other appropriate agronomic practices in terms of work [34–37].

Use of good agronomic practices and mechanisms in Europe and the world in relation to soil
erosion has been addressed by more authors. They investigate the short term effects of animal manure
application on soil structure stability, infiltration rate, and runoff and soil erosion formation under
rainfall conditions [47,48]. The comparison of the influence of physical-geographical conditions on
soil erosion and its impact on the examples of different localities was conducted by [49]. The revised
universal equation of the USLE model was similarly addressed in their contributions, for example
of the Kongo Republic [50] and Spain [51]. The impact of vegetation on soil erosion processes in
Slovakia [52] and Poland [53] has also been addressed by some authors. Another method to evaluate
soil erosion is the USPED method. The comparative analysis shows the interrelations between the soil
loss by erosion and the economic value deriving from the erosive phenomenon affecting the croplands
considered, and this procedure can also be used in [54–56].

As the slope disposition in the eastern part of the mapped area is in the range of 3–12◦, alternative
options for the elimination of water erosion exist in the form of biological erosion control measures such
as e.g., strip cultivation and protective grassing. In the first case of crop rotation there is a crop rotation
with a low erosion effect, using crops such as maize, sunflower, potatoes, vegetables, and spring crops
before engaging in the crop, which we recommend to grow on slopes with 3–7◦, with crop strips with
high erosion effects such as cereals, legumes, winter rape, fodder, or meadows that are appropriate
to be included on slopes with a 7–12◦ gradient. The low erosion effect can be increased, as already
mentioned, by seeding into stubble or directly in grassland.

5. Conclusions

Soil protection and soil care can be considered as the state maturity and cultural level of its
population. Legislative environment and methodological guidelines of soil protection in Slovakia are
represented by [37,43]. Soil protection is enshrined in many legal norms valid in Slovakia. This includes
Act No. 188/2003 Coll., Act no. 394/2015, Act no. 330/1991 Coll. as amended, Act no. 543/2002 on
nature and landscape protection, as amended, and so on.

The mapped area with an area of 36.77 ha lies in the agricultural landscape of the villages Rišňovce
and Rumanová and marginally touches the village of Velké Zálužie. The central part is formed by
Arenosols, which was created in the western part of the model area by long-term agricultural activity on
Chernozems on loess with clay grain. Their susceptibility to erosive activity is greatest. The eastern part
consists of Regozems, which originated from the Luvisols on loess and clay material. By field research
and the modeling of soil erosion we found out that in the area of interest there is an areal erosion which,
by direct human impact into the soil, translates into direct anthropogenic erosion, respectively tilth
erosion, which is manifested by the existence of erosion, accumulation, or overlapping areas.
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Using soil erosion models USLE and ERDEP, we found that 7% of the area showed extreme
soil loss. It is mainly Chernozems on slopes with a 3–7◦ gradient on convex-convex (VV) forms of
relief. Accumulation processes are reflected in 43% of the territory in accumulated forms (30%) and
in overlapped forms (13%) of soil types of Chernozems and Luvisols, as well as secondary Regosols
created by agricultural activity.

From the point of view of erosion-accumulation processes induced by water activity, which clearly
influenced the present appearance and the soil cover of the studied area, we considered this territory
as a territory with a manifestation of surface water erosion which, through direct intervention of
the human being into the soil passes into a directly altered (anthropogenic), accelerated, harmful
(malignant), erosion, and respectively into tillage erosion. In the mapped area, this process is manifested
by the existence of erosive chernozems and the formation of arenosols. The accumulation processes of
the relief are bound to deep Chernozems and Arenosols. The substrate has decreased to eliminate
erosion in the mapped area in terms of grain and skeletal change. Thus, we can say that in the
assessment of the factors, it was found that the principles of soil protection were not observed at all.
In the category of the slope of 7◦ and above there is large scale arable land, which is intensively used
for the cultivation of dispersed crops. Following the valid guidelines, it is necessary to cultivate on
these areas crops with predominantly, for example, lantern clover-grass mixtures and so on.

We note that surface is a significant condition affecting the intensity of erosive activity. By using
DMR in the study area we have generated so-called demarcation areas with the greatest potential
erosion. Subsequently, we identified dominant conditions of erosive activity, which include the slope
and slope curvature of long slopes. On this basis, the slopes of 3–7◦ and 7–12◦ on convex reliefs would
have the greatest potential for erosion. Through evaluating the various factors, it was found that they
do not respect the principles of soil conservation. The inappropriate inclusion of agricultural crops in
crop rotation have also been found. Appropriate, would be a new organization (consolidation) of land
resources, which would be based on the principles of landscape optimizing the use of agricultural land.

We can conclude the following:

• mapping was done at the topic level and was verified using the USLE and ERDEP soil erosion
models in ArcGIS,

• we generated dominant factors, respectively identified areas prone to soil erosion, and provided
a detailed database for precise farming.

• the results became the basis for reviewing the current classification of erosion-endangered soils
• the methodology is suitable as a basis for developing sustainable management proposals in

agricultural land affected by soil erosion risk,
• the highest values of soil depletion were mainly observed in the upper part and the form of linear

features following the hillslope direction,
• the total area of Chernozems and Regosols can be treated as an indicator of soil erosion

processes’ intensity.

The cultivation of agricultural crops should be based on the objectives of Agenda 2030 and the EU
Common Agricultural Policy. However, it should respect, in particular, the local assumptions of land
use for agricultural production by diversifying agricultural crops, eliminating the cultivation of thinly
sown crops, and adhering to erosion control measures.
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