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Abstract

The article focuses on assessing the impact of anti-erosion measures on soil water erosion implemented at the
Sobotiste research site, covering an area of 68 ha. The anti-erosion measures consist of two water retention grass
ditches located in the lower part of a slope and a change in the management of the entire slope. The assessment
twas conducted by comparing slope conditions before and after implementing anti-erosion measures using the
Universal Soil Loss Equation (USLE) and the USLE2D sub-model, which calculates the LS topographic factor.
The modelling was conducted in the ArcMap software environment with a digital relief model resolution of 1 x 1m
and the LS topographic factor calculation algorithm according to the author McCool [1].
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1 INTRODUCTION

An increasingly discussed trend in science is the rising rate of soil erosion, especially water erosion. It is
a complicated degradation, relief-creating soil process, which is currently perceived as a global threat requiring
attention from the world's leading scientists and experts.

The existence and emergence of erosion processes contributing to soil degradation result from the interaction
of natural factors, anthropogenic influences (human intervention) and, last but not least, manifestations of climate
change, mainly the alternation of heavy rains and periods of drought.

Globally, population growth is driving increased demand for food, particularly in agriculturally cultivated
areas. Moreover, agricultural areas are especially prone to soil erosion or water soil erosion. According to the Food
and Agriculture Organization (FAO), six types of soil degradation can be distinguished, with water erosion being
the most widespread worldwide. In the Slovak Republic, approximately 40% of arable land is potentially at risk,
according to the study "Development of soil erosion trends and organic matter content in the soil for the evaluation
of PRV SR 2014-2020". For more details, refer to [7].

As aresult of water erosion, soil experiences serious negative consequences, including a decrease in soil profile
depth, deterioration of soil structure, and loss of nutrients and organic matter. The 2019 Sartori study [6], prepared
by the Joint Research Centre of the European Commission, has also contributed research and talks about the figure
of eight billion dollars, which represents the amount of money the world economy loses annually due to water
erosion. The mentioned study is one of the first of its kind to quantify soil productivity losses on a global scale,
highlighting that up to one-quarter of arable land worldwide is affected by serve water soil erosion.

“Soil erosion ,refers to a complex process, involving the disturbance of soil surfaces and the transport and
sedimentation of loosened soil particles by water, wind, ice and other erosion factors, including human aktivity [4].
These influences impart kinetic energy to soil particles, causing them to loosen and move [3]. Water erosion is
caused by the destructive impact of atmospheric precipitation and surface runoff, which disturbs the soil surface.

This contribution is focused on evaluating soil erosion using the USLE empirical model, employing the USLE-
2D sub-model in a selected experimental basin in western Slovakia in the cadastral territory of the municipality of
Sobotiste (Fig. 1).
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Fig. 1 The assessed area - the village of Sobotiste, western Slovakia.

Specificaly, the Universal Soil Loss Equation (USLE) was used to assess the impact of existing technical anti-
erosion measures, consisting of two water retention grass ditches in the lower part of the assessed slope.
Additionally, the USLE was employed to assess the impact of changes in the organization and management of
crop cultivation and slope management.

2 METHODOLOGY

The area of interest comprises 68 ha and is situated in the cadastral territory of the municipality of SobotiSte in
western Slovakia. The average slope of the area is 7° (max. 31°) and the soil type is loamy. The average annual
rainfall is 650 to 700 mm, with a humid and warm climate featuring mild winters.

Existing anti-erosion measures were implemented on this slope in 2011. To assess their impact, we compared
the results modelled using the USLE before and after their implementation, employing the USLE 2D (Fig. 2). In
the mentioned picture, there is an orthophoto map from two periods (specifically 2011 and 2015), illustrating the
location of infiltration ditches and the changes in slope management and crop distribution.

BEFORE AFTEI

Fig. 2 State of the slope assessed before and after implementation of anti-erosion measures in 2011.

The following table (Tab. 1) shows the values and specifications of the factors entering the Universal Soil Loss
Equation (1), i.e., the product of causative factors that affect soil erosion caused by torrential rain. The LS
topographic factor was calculated using the algorithm developed by McCool et al. [1] [2]. The reason for choosing
the algorithm is its objective appropriateness for the region of western Slovakia, as highlighted in the study
"Prevention and elimination of the consequences of soil erosion, building eco-stabilization elements in the country
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and development of selected elements of green infrastructure for the protection and coordinated management of
naturally significant cross-border areas" [8].

G=R-K-L-S-C-P, ()

where G is average annual soil loss in t - ha'! - year!, R is rainfall erosivity factor in MJ - ha™! - cm.h™!, K is soil
erodibility factor t - ha' - year?, L slope length factor (dimensionless), S slope factor in %, C cover and
management factor (dimensionless) and P support practice factor (dimensionless) <0 ~ 1 >.

Tab. 1 Factors Entering the Universal Soil Loss Equation [10].

LS
Topographic . R . K c P Anti-erosion
Rainfall erosivity Soil Cover and Support
Var. factor (slope o . measures
length and factor erodibility manag. practice (grassy growth)
g [Mj.hal.cm.h1] factor [-] factor [-] factor [-] grassy g
steepness) [-]
0.10/0.17
Computation spring No, before
A based on 9.9 wheat/winter 1 2011
USLE 2D 0.17 - 0.4 barley
(McCool, 0.02/0.12
B 1987) 59.9 lantern/wint 0.8 Yes, after 2011
er wheat

* Variant A — state of the slope before the implementation of anti-erosion measures, Variant B — state after their
implementation.

The factors were prepared using the ArcMap software environment and incorporated into the USLE model,
both in map and numerical formats — Fig. 3. Specifically, the factors LS, R, K, and C were presented as maps,
while factor P was expressed as a numerical value (Var. A: P = 1, Var. B: P = 0.8). The K-factor was determined
based on BPEJ by georeferencing the soil map obtained from the VUPOP portal [5]. The R-factor was calculated
using the original methodology based on minute data recorded between 1995 and 2009 for the summer months
(Myjava station, ID — 15020). The slope was divided into two parts based on the C-factor, representing the
protective effect of vegetation. Each section had a different value of the C-factor with respect to the crop cultivated

—Tab. 1.

B , E __ LSFACTOR __ AFT ‘
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Assessment of LS factor by using the USLE 2D | Assessment of LS factor by using the USLE 2D
method (state before application of anti-| method (present state after application of
erosion measures) anti-erosion measures)

P FACTOR=1 P FACTOR = 0.8

Fig. 3 Preparation of factors such as maps and numerical values for USLE.
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3 RESULTS

Using this comparative modelling, it was possible to demonstrate the impact of proposed anti-erosion and anti-
flood measures, especially in the lower part of the slope where two water retention grass ditches were built by
grassing the lower part — Fig. 4. Our analysis indicates that the territory and structures under the slope help to
eliminate the adverse effects of soil water erosion. However, the total amount of erosion within the assessed slope
decreased by only 2.46 t/ha/year from the original 16.7 t/ha/year (representing a 14% reduction).

BEFORE

Comparison of the
resulting values of mean
long-term soil loss by
water erosion

G_2011
<VALUE>

04
| Z:‘:o m4-10
Ve - ” m10-30
. ” e moc DY
Evaluation of soil erosion using LS factor Evaluation of soil erosion using LS factor
according to USLE 2D, G = 16.74 according to USLE 2D, G = 14.28
t/ha/year (before) t/ha/year (after) 10

Fig. 4 Comparison of average annual soil loss due to water erosion in t/ha/year.

For this reason, a new anti-erosion measure has been proposed in the form of building another water retention
grass ditch, in order to reduce the extent of potential water erosion and further reduce overall soil erosion.
As a suitable location, we chose the upper part of the slope, specifically in its non-grassed part (refer to the
longitudinal profile of the slope is in Fig. 5).
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Fig. 5 Longitudinal profile along the slope.

The following image — Fig. 6, shows the design of the third infiltration ditch situated in the first third of the
upper part of the slope, with its location marked along the contour line. Maps are also shown as graphic
representations of the factors entered into the Universal Soil Loss Equation for calculating the average annual soil
loss, considering the impact of the proposed new anti-erosion measure, namely, the third water retention grass
ditch.
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Design of water retention grass ditch in 1/3
of higher part of the slope
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Fig. 6 Location of the third water retention grass ditch within the slope, maps of the factors entered into the
Universal Soil Loss Equation, graphic and numerical representations of the resulting average annual soil loss,
affected by the proposed new erosion control measures.

Fig. 7 graphically shows the results of modelling the average annual soil loss within the assessed slope under
various anti-erosion protection conditions. While the permissible soil loss limit 4 t/ha/year within the entire slope
[11] was not achieved, the proposed anti-erosion measures effectively slow down water erosion of the soil,
particularly in the upper part of the slope. In the lower part of the slope, the relationship between soil and sediments
due to water erosion is captured, which also is expected to prevent silting.

A) Before (2011)

B) Current status (2023)

C) Design of new measures (2023)
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Fig. 7 Comparison of the modelled state of the slope before 2011, the current state and the proposed state.

4 DISCUSION

In Fig. 7, it can be seen that comparing the erodibility rates between categories such as "none" and "extreme" —
Tab. 2, within the considered slope reveals the following. The average annual soil loss in the "extreme" category
is reduced to a minimum, while it dominates in the "none" category.
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Tab. 2 Threshold values for categories of erodibility.

Category of erodibility Average annual soil loss
1 — None 0—4t- ha'- year'
1 — Medium 4-10¢t- ha'- year!
1 — High 10-30t- ha' - year!
1 — Extreme >30t- ha'l- year!

Since we managed to affect to some extent the average annual soil loss within the entire assessed slope,
a possible additional measure or proposal would be a change of management within the upper part of the slope
(ploughing along the contours, strip cultivation of the crops), or a change of the cultivated crop itself (narrow row
crops or weeding).

5 CONCLUSIONS

This paper aimed to model and evaluate the impact and effectiveness of existing anti-erosion measures on a slope
using the USLE2D methodology. The modelling results confirm the efficiency of the two designed and
implemented water retention grass ditches in the lower part of the slope. However, the comparison revealed the
need for a new proposal: the addition of a third linear element to protect the entire territory. The necessity arises
from inadmissible values of potential soil erosion in the upper part of the slope, which could impact the dynamics
of the silting of existing infiltration ditches. By interrupting the surface runoff with a supplementary drainage ditch
in the upper part, the erosion activity would be reduced, along with the issue of their maintenance and the capacity
of existing ditches. The unfavourable state of silting in existing ditches was pointed out in a study [9], evaluating
sediment dynamics using spatial data collected by a terrestrial laser scanner and an unmanned aerial vehicle.

Considering these results, adjusting local land management and choosing crops with higher anti-erosion effects
would be advisable.
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