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Abstract

Petlušová V., Petluš P., Tobiašová E., Hreško J.: Using the methodological procedures for water 
erosion risk areas identification for sustainable land use. Ekológia (Bratislava), Vol. 39, No. 2, p. 
145–158, 2020.

The countries of the European Union have joined, inter alia, soil protection in the Common Ag-
ricultural Policy (hereinafter referred to as CAP). Accelerated soil erosion is a problem resulting 
from inappropriate land management, which affects both the presence of organic matter and the 
soil structure. The tool for elimination of negative impacts on soil can be its sustainable use. This 
requires the use of an accurate system to improve its condition. The first step should be problem 
identification and localisation. The research is aimed at the identification of water erosion risk ar-
eas by using selected methodological procedures. The research area was located at the intensively 
used hilly land of the Southwestern Slovakia. The digitisation of the manual interpretation of ero-
sion risk areas with the use of aerial photos, erosion modelling, chemical analysis of soil organic 
matter (SOM) and analysis of soil structure were used.  Verification was implemented via the field 
research with the use of the soil probes. Methods affirmed significant presence of the water erosion 
in the area. Efficient identification of erosional processes is possible via combination of presented 
methods by taking into consideration geological, geomorphological, pedological and geographi-
cal conditions and the use of the area over a longer period of time. The results of using methods 
that ensure accurate and effective localisation of erosion surfaces can be used for sustainable land 
use and its conservation.

Key words: digitization of the erosion surface, water erosion modelling, visual identification of the 
erosion, carbon sequestration and movement, hilly lowland.

Introduction

Sustainable management of natural resources has become an essential attribute in eliminat-
ing effects of climate change, preserving biodiversity and improving environment. Soil as a 
natural resource used primarily for agricultural purposes undergoes a process that threatens 
its quality and functions. It is endangered by erosion, compaction, loss of nutrients, increased 
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acidity, low organic matter content and areal land take up for non-agricultural purposes. It 
leads to disruption or disappearance of ecosystems and important elements of the country. 
The application of sustainable and soil conservation innovative technologies of soil manage-
ment can be ensured by lowering down the impact of negative effects. 

The Common Agricultural Policy (CAP) has introduced the promotion of sustainable 
land use at the EU level. It supports soil management research and innovation. The aim is to 
identify and evaluate perspective land use systems that improve soils’ condition and take into 
account the socio-economical aspect. 

Following the principles and objectives of the CAP, the research is focused on the identifi-
cation of water erosion using various methods. Testing of methods took place in the lowland 
type of hilly land.

In Slovakia, hills have suitable climatic and soil conditions for agricultural use. Gradual 
intensification of land use in Slovak hills that is related to the development of agricultural ac-
tivities leads not only to the change of the landscape structure but mainly to the development 
of soil degradation. It promotes the acceleration of processes associated with surface run-off 
by formation and development of water erosion.

Accurate identification of areas endangered by water erosion is one of the fundamen-
tal attributes entering into sustainable land management proposals. Šarapatka and Niggli 
(2008) stated that if it needs to meet the requirements of sustainable land management, 
more soil drainage than the amount of soil that will be created should not be allowed to 
maintain the land for future generations. Soil drainage brings many negative phenomena. 
Bielek (2017) stated that the most important potentials of soil functions, especially bio-
mass production, water filtration and hydrological rainfall cycle in the area, are reduced 
directly where the erosion took place, reducing the overall utility value of the soil habitat. 
Outside of the area where erosion takes place, there are threats such as unwanted supply of 
soil matter, pollutants, nutrients and agrochemicals and sediments damaging ecosystems. 
Thus, the erosive processes represent a significant negative factor threatening especially 
the surface soil horizon. Its removal is the ultimate and irreversible state that leads to 
decline in agricultural land yields and significant economic losses, which may not only 
have economic but also social consequences. Solution of this problem requires an active 
research on water erosion. Zachar (1970, 1982), Fulajtár and Janský (2001), Stankoviansky 
(2000, 2001), Kenderessy (2012) and Petlušová et al. (2016, 2017) dealt with the research 
of erosion in conditions of Slovakia. The development of water erosion is conditioned by 
morphological and morphometric features of the relief. Falťan et al. (2017), Panagos et 
al. (2015), Zeleňáková and Jakubíková (2010), Kirkby et al. (2002) and Styk (2002) high-
lighted the importance of the slope angle and land use.  The importance of the erosion-
accumulation processes is also highlighted by the extent of elaboration of this issue in 
many foreign scientific works that use innovative information systems. One of the domi-
nant systems playing an important role in determining erosion-accumulation processes is 
remote sensing of the Earth (hereinafter referred to as RSE) (Biswas et al., 1999; Bouaziz et 
al., 2011; Al-Abadi et al., 2016). Research on erosion processes is progressively improving. 
New possibilities and procedures for identifying water erosion are being sought, which 
could be generalised and applied in practice. However, the choice of methods depends 
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on the purpose of the research and may be thematically and territorially designed. The 
high variability of erosion research methods causes that most of works have a specific 
focus (pedological, geographical, hydrological, etc.). Signs of water erosion are not only 
quantitative but also qualitative. The identification of these changes based on the selected 
soil organic matter (SOM) parameters and soil structure reflects the manifestations of this 
form of erosion in the landscape as well as changes in the soil production capacity affected 
by water erosion (Pintaldi et al., 2018; Wang et al., 2018; Abera, Assen, 2019). The removal 
of particles from the humus surface horizon, the richest in organic matter, not only reduces 
the thickness of this active soil profile (Conforti et al., 2013) but also deteriorates other soil 
properties (Šarapatka et al., 2018) because they are closely related to the SOM. In this con-
text, it is necessary to consider not only the reduction of organic carbon content but also 
its distribution in soil aggregates, which is closely related to carbon sequestration (Li et al., 
2017). Soil structure and SOM together with soil texture are part of the soil erodibility fac-
tor, which is a part of the universal equation for the calculation of the average long-term 
soil loss (Wischmeier, Smith, 1978).

The aim is to present several procedures for the optimal identification of water erosion 
processes. The results can enter into sustainable land use proposals based on the precise and 
effective localisation of erosion risk areas that require a specific approach when they are used.

Material and methods

The model area is the intensively agriculturally used area of the SE part of Podunajská nížina lowland, which is 
formed by the spur of Hronská pahorkatina hills, in the cadastral areas of Ľubá and Belá villages. The current char-
acter of land use is the result of the intensification of agriculture with a predominant abundance of large-scale arable 
field. Predominant soil types are brown earth soils (Orthic Luvisols), regosols (Regosols) and chernozems. The area 
is part of Podunajská pahorkatina hills. It has the character of medium to slightly rugged hills with an altitude of 
110−250 m asl. The selection of the area was conditioned by the presence of significant erosion processes. 

Following methods were used to test methodologies for identifying water erosion processes: 

Digitisation of erosion processes manifestations using aerial photos with the aim of finding area extension of water 
erosion

Spatial expansion of erosion and accumulation areas was realised by visual evaluation and interpretation of aerial 
photos, which are a proven possibility of their application in the field. Identification of erosion processes as colour 
differences was realised visually based on the aerial photos from six time periods (1949, 1970, 2006, 2011, 2014 and 
2015). The images are from different seasons, thus partially eliminating the effect of the vegetation cover (visual 
expression of erosion partially overlapping seasonally). A surface assessment of the quantitative representation of 
erosion areas was obtained by vectorisation of light amoebic formations on aerial images. Significant areas where 
erosion took place in the past and is still going on or where erosion occurred only in the past or now were identified. 
They were named as actual and potential erosion risk areas (Fig. 1).

Modelling of water erosion

Modelling was realised as a calculation of the potential average annual loss of soil and the determination of the material 
removal from the slope.  The digital terrain model 10×10 m was used, derived from the basic contour maps of 1:10 000.  
The rainfall erosivity factor (R factor) was identified from the climate map (Lapin et al., 2002) and a database of selected R 
factor values (Ilavská et al., 2005). To determine the soil erodibility factor (K factor), a database of selected K factor values 
was used (Ilavská et al., 2005). The calculation of the topographical factor, combined slope length and slope inclination 
(LS factor), was created in GRASS GIS (module r.watershed). The crop management factor (C factor) was used according 
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to Malíšek (1992). The conser-
vation practice factor (P factor) 
was determined accordingly 
(Ilavská et al., 2005).

For the determination 
of the ‘average’ annual loss 
of soil, the so-called univer-
sal equation for long-term 
loss of water by water ero-
sion – USLE by Wischmeier 
and Smith (1978) – was used. 
The value of permissible loss 
of land serves to determine 
the erosion risk degree of the 
land. It is defined as a maxi-
mum intensity of soil erosion 
that allows to maintain suffi-
cient level of the soil fertility 
on a long-term basis, which 
is economically available 
(Janeček et al., 2012). The cat-
egorisation of calculated data 
was based on four categories 
of average annual soil loss: no 
to weak soil loss (0−4 t/ha/

year), medium soil loss (4−10 t/ha/year), high soil loss (10−30 t/ha/year) and extreme soil loss (>30 t/ha/year). They 
are listed in Act No. 220/2004 Coll. on the limit values for the erodibility categories of agricultural soils. 

Modelling the drainage direction of the material

The determination of the direction of material removal from the slope was based on the methodology of Miklós et 
al. (1997). The methodology was adapted considering the assumption of transport of soil particles along the slope 
and not their accumulation. The relief shapes calculated in the geographic information system (hereinafter referred 
to as GIS) environment based on the digital relief model were used. The digital relief model was derived from the 
basic contour maps of the SR at a scale of 1:10 000.  For vertical and horizontal ruggedness, the following categories 
have been determined: concave surfaces, sunken with slow-drainage, flat surfaces, non-curved and convex surfaces 
and convex surfaces with accelerated drainage. By the synthesis of vertical and horizontal curvature, the basic forms 
of the relief have been found to be critical in determining run-off ratios and for our needs to determine the potential 
material drainage from the slope. The basic forms of the relief together with the slope of the area were used in the 
calculation of material removal from slopes.

Identification and verification of water erosion with the use of soil probes

An Edelman auger with drill capacity of up to 500 cm with a diameter of 50 mm was used for the identification. 
The thickness of the humus horizon, the presence of soil horizons, the depth of turning the soil over, the character 
of the soil-forming substrate and the thickness of the accumulated material were verified. On the basis of the ascer-
tained data, soils endangered by erosion (light surfaces) or soil accumulated in concave slope areas were identified 
as a manifestation of the transport of soil particles along the slope. There were 51 soil probes realised. Probes were 
located irregularly throughout the territory on slopes with expected erosion or accumulation (Fig. 2).

Soil erosion in the context of soil organic matter and soil structure analysis

In assessing the effects of water erosion through SOM and soil structure, several of their parameters, such as total or-
ganic carbon (TOC), labile (CL) and non-labile (CNL) carbon, humic substances (HS) and fractional composition of soil 

Fig. 1. Areas realistically and potentially endangered by water erosion 
(resource: orthophoto map © EUROSENSE).
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aggregates, were used. Soil struc-
ture vulnerability coefficient (Kv) 
(Valla et al., 2000), clogging index 
(Ic) (Lal, Shukla, 2004) or critical 
content of SOM (St) (Valla et al., 
2000) were also used, on which 
effects of erosion-accumulation 
processes were fully manifested. 
At the same time, carbon seques-
tration was analysed. One of the 
main mechanisms of carbon se-
questration is its increase in car-
bon-rich macro-aggregates (Six 
et al., 2002), which also implies 
their favourable size distribution. 
SOM analysis was performed on 
soil samples collected from three 
parts of the slope: the upper con-
vex part, the slope and the accu-
mulation concave part. On one 
slope (Fig. 2), soil samples were 
also taken in a line, from top to 
bottom along the slope. The sam-
pling points were 20 m apart. 

Results

Digitisation of erosion 
processes manifestations 
using aerial photos with 
the aim of finding area 
extension of water erosion
 
The area manifestation of water erosion in the period 1949−2016 increased by 130.56 ha 
(8.88%). The erosion areas have increased by changing land use because of the change of nar-
row strip fields to large-strip fields. Areas realistically and potentially endangered by water 
erosion represented 408.44 ha (27.78%) in total. These areas (Fig. 3) can be used in other 
procedures for the detection of water erosional processes. 

Demarcated erosion surfaces were used in the process of partial syntheses, which express their 
relationships with the relief parameters (slope, exposure and relief shapes) and the type of land 
use change, and also with the values of soil removal or with material removal directions and so 
on (Petlušová et al., 2016). The slope is given as demonstration of research results. Areas where 
slope significantly affects or does not affect the spread of erosion have been identified via the 
combination of realistically endangered surfaces and slope. The slope was evaluated according to 
five categories. In the 0−1° category, actual erosion was abundant on 25.44 ha (16.9%). These are 
areas that are used to grow spring and winter cereals, oilseeds, leguminous seeds and the like. In 
the 1−3° category, erosion was on 66.44 ha (17.70%). In terms of land use, these sites were mainly 
used as arable land and also as permanent grassland. In the slope category 3−7°, erosion was on 

Fig. 2. Soil probes and sampling sites (resource: orthophoto map © EURO-
SENSE).
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218.90 ha (30.27%). Major part 
of area comprised arable soil. 
Vineyards are considered to 
be a significant element. In the 
7−12° category, erosion was 
found on 80.69 ha (39.83%). 
Suitability of soil types enables 
to use this area as arable soil 
despite the fact that the risk of 
erosion processes occurrence 
is high. Similarly, it is in the 
slope category of 12° or more, 
which was abundant on 4.22 
ha (22.40%). The results show 
that the slope inclination deter-
mines the occurrence of areas 
with a realistic presence of soil 
erosion. 

Modelling of water erosion

Water erosion modelling re-
sults in spatial expression of 
areas with potential average 
annual soil loss. Significant 

manifestations of erosion were found in moderately rugged hilly parts of the area with a slope 
of higher than 3°, but mostly where the slope of the area was 7−12°. In these parts, categories 
2 and 3 (medium and high soil loss) prevail according to the data obtained in the soil loss 
calculations (Fig. 4). The area has long been used as large-scale intensively used arable fields. 
In one site, in category 3 with high soil loss, the forest is currently there. 

  Three categories of soil removal were identified: weak, medium strength and strong. On 
the greater part of the area, there are abundant categories of medium strong to strong drain-
age, which significantly determines the drainage of soil particles and their accumulation in 
the concave parts of the area. Research has shown that soil is subject to erosion processes. 
During the monitored period, the surface was intensively farmed. Rapeseed and winter wheat 
were grown, and on the neighbouring soil complex with medium soil loss, maize was grown.

Identification and verification of water erosion with the use of soil probes

Soil erosion identification was carried out with 51 drilled soil probes. Verification of erosional 
processes with the use of soil probes shows that predominantly soil types, regosols, eroded 
brown earths and eroded chernozems, indicate the presence of erosion in at least three quarters 
of cases (Table 1). 

Fig. 3. Surfaces endangered by water erosion (resource: DTM 10x10, Es-
prit s. r. o; Basic map of SR 1: 10 000).



151

Soil probes also pointed 
out that in the lower accu-
mulation slope parts and on 
the convex slope forms with 
a lower slope, the alluvial 
deposits (coluviosol-Collu-
visols) were more than 2 m 
deep, indicating the down-
ward movement of soil par-
ticles where they have been 
deposited.

Soil erosion in the context of 
soil organic matter and soil 
structure analysis

TOC content in both soil 
(Table 2) and soil aggregates 
(Table  3) was increasing in 
the direction from the top of 
the slope down, but humus 
quality (Table 2) had oppo-
site tendency.

In the case of CL (Table 
3) and CNL (Table 3) con-
tents in water-resistant mac-
ro-aggregates (WSA), the 
situation was similar, thus 
increasing its content down 
the slope direction. At the 
same time, organic carbon 
contents had a decreasing tendency from the larger fraction with its highest content to the 
smallest fraction of WSA with the lowest content. On the basis of carbon sequestration, the 
proportion of dry-sieved macro-aggregates (DSA; 1−7 mm) increased down the slope direc-
tion, and on the contrary, the content of the smaller (<1 mm) and larger (>7 mm) DSA frac-
tions decreased (Table 3), which again points out not only the deterioration of the eroded top 
soil profile properties but, at the same time, similar the previous parameters, can also identify 
the erosion of the affected surfaces.  

By linking the parameters that are part of the erodibility factor (SOM, soil structure and 
soil texture), further parameters that correspond to the manifestations of water erosion were 
obtained. Values of the soil structure vulnerability coefficient (Kv) (Valla et al., 2000) and 
index of crusting (Ic) (Lal, Shukla, 2004) were decreasing, and on the contrary, critical SOM 
content (St) (Valla et al., 2000) increased downward the slope (Table 4). On the basis of these 

Fig. 4. Potential average annual soil loss (resource: DTM 10x10, Esprit s. r. o; 
Basic map of SR 1: 10 000; orthophoto map © EUROSENSE).
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Probe No. Soil Type Classification Erosion 
Manifestation

1 Cultivated Calcaric Regosols on neogene sediments E
2 Cultivated Calcaric Regosols on neogene sediments E
3 Cultivated Calcaric Regosols on neogene sediments E
4 Eroded Orthic Luvisols on neogene sediments E
5 Eroded Chernozems on neogene sediments E
6 Calcaric Regosols on neogene sediments E
7 Colluvisols E
8 Eroded Chernozems on loess E
9 Cultivated Calcaric Chernozems on loess N
10 Colluvisols E
11 Regosols on neogene sands E
12 Cultivated Orthic Luvisols on loess loam N
13 Regosols on weathered neogene gravels E
14 Decalcified Haplic Chernozems on loess E
15 Luvi-haplic Cernozems E
16 Cultivated Calcaric Regosols on loess E
17 Cultivated Calcaro Haplic Chernozems N
18 Regosols on loess E
19 Regosols on loess E
20 Eroded Orthic Luvisols (rubified) on loess E
21 Colluvisols E
22 Colluvisols E
23 Cultivated Calcaric Regosols on neogene sediments E
24 Cultivated Calcaric Regosols on neogene sediments E
25 Eroded Chernozems on loess E
26 Cultivated Chernozems on loess N
27 Eroded Chernozems on loess E
28 Arenic Chernozems on neogene sands N
29 Calcaric Regosols on loess E
30 Haplic Chernozems on loess N
31 Cultivated regosols on loess E
32 Eroded Chernozems on loess E
33 Eroded rubified soil (not classified) N
34 Eroded Chernozems on loess E
35 Colluvisols E
36 Rubified soil on loess (not classified) N
37 Haplic Chernozems on loess N
38 Eroded Chernozems on loess E
39 Haplic Chernozems on loess N
40 Eroded Regosols E
41 Cultivated regosols on loess E
42 Eroded Regosols E
43 Regosols on loess E
44 Haplic Chernozems N
45 Luvi-haplic Chernozems on loess N
46 Eroded Chernozems on loess E
47 Eroded Chernozems on loess E
48 Regosols on loess E
49 Eroded Chernozems on loess E
50 Eroded Chernozems on loess E
51 Colluvisols on neogene gravels E

Resource: Terrain Research (2015−2017).

T a b l e  1. Soil types with erosion manifestation (E) and with no erosion manifestation (N).
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Part of the Slope/
Parameters

Total Organic 
Carbon (TOC)

Humic Substance 
Carbon (HSC)

Humic Acid 
Carbon (CHA)

Fulvic Acid 
Carbon (CFA)

CHA/CFA 
Ratio

(mg kg-1) (%) (%) (%)
R1 7530 38.11 26.16 11.95 1.43
R2 10 810 39.59 26.64 12.95 1.15
R3 14 570 43.17 25.26 17.91 1.13
R4 16 980 37.99 23.79 14.19 1.70
R5 12 570 44.74 26.01 18.70 1.26
R6 18 900 70.06 40.10 30.95 1.89
R7 16 810 36.41 24.21 12.20 1.50
R8   9220 35.03 21.15 13.88 0.95
R9 13 480 37.09 21.14 15.95 1.01

T a b l e  2. Selected quantitative and qualitative parameters of soil organic matter.

Notes: R1, R4 and R7 − upper convex part; R2, R5 and R8 – slope; R3, R6 and R9 − accumulative concave part. 

results, the least favourable state could be again considered on the top slope parts and basi-
cally with the downward trend. 

The loss of soil structure and its tendency to erosion (St <5%) was manifested in all cases 
and had a decreasing tendency.  The tendency of SOM in the line is shown in Table 5.

On the slope, the quality and quantity of soil organic matter are changing. Organic car-
bon is shifted to the bottom of the slope. This indicates soil erosion, which affects other im-
portant soil components and functions.

Discussion

Using selected methods for identifying water erosion has shown that water erosion pro-
cesses can be identified by several methods. However, they cannot be generalised and 
unequivocally recommended for any assessed area. When selecting methods, it is neces-
sary to start with the specific natural and anthropogenic conditions of a given area. The 
presented methods were used on the example of loess lowland hill land with the occur-
rence of Chernozems and haplic Luvisols. The use of several methods for detecting ero-
sion processes increases the objectivity of claims about currently ongoing soil removal 
processes.

The advantage of using the digitisation of surface erosion manifestations using aerial 
photos is the possibility of creating a reference layer by vectorisation in the ArcGIS en-
vironment, over which spatial units are created by overlay method. The spatial units are 
also the basic operational units for further analyses, including detailed field research of 
erosion areas. The disadvantage is that the light amoebic formations in the images do 
not necessarily have to be erosion surfaces in all cases, and therefore, verification in the 
field is needed. It was not possible to accurately locate and identify erosional processes 
on areas with agricultural cultures during the research. More specifically, it was in the 
large-scale ploughed fields and vineyards. Large-scale fields were not covered with veg-
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Part of the Slope/
Fraction Size

>5
mm

>3–5
mm

>2–3
mm

>1–2
mm

>0.5–1
mm

>0.25–
0.5
mm

<0.25
mm

(mg kg-1)
Total Organic Carbon (TOC)

R1 10.990 8.880 8.860 11.270 10.980 8.090 5.580
R2 13.750 13.020 13.570 13.080 11.800 11.360 10.270
R3 21.010 17.580 18.380 19.460 17.950 16.040 15.210
R4 15.900 15.630 16.730 17.280 15.580 13.730 12.330
R5 13.960 14.280 14.430 14.730 14.180 11.650 9.250
R6 18.690 19.940 19.130 20.290 20.110 22.190 16.400
R7 16.050 17.240 17.000 17.240 17.640 16.880 13.630
R8 17.230 15.720 14.140 13.800 14.570 14.610 11.370
R9 9.540 11.190 10.970 12.150 11.900 10.590 7.950

Labile Organic Carbon oxidised with KMnO4 (CL)
R1 778 691 695 731 682 465 277
R2 1.203 1.186 1.070 1.124 1.118 911 730
R3 3.270 1.593 2.019 1.653 1.463 1.683 987
R4 1.622.2 1.656.1 1.480.3 1.646.5 1.763 1607.6 1.362.7
R5 949.9 1.009.1 902.9 1.029.5 950.1 936.1 670.6
R6 1.061.5 1.176.1 1.144.1 1.623.2 907.1 1784.5 1127
R7 1.354 1.711 1.781 1.935 1.754 2.108 2.150
R8 679 924 922 969 1.094 1.116 1.148
R9 617 734 923 1.102 874 1.027 1.092

Non-labile Organic Carbon (NLC)
R1 10.212 8.189 8.165 10.539 10.298 7.625 5.303
R2 12.547 11.834 12.500 11.956 10.682 10.449 9.540
R3 17.740 15,987 16.361 17.807 16.487 14.357 14.223
R4 14.277.8 13.973.9 15.249.7 15.633.5 13.817.0 12.122.4 10.967.3
R5 13.010.1 13.270.9 13.527.1 13.700.5 13.229.9 10.713.9 8.579.4
R6 17.628.5 18.763.9 17.985.9 18.666.8 19.202.9 20.405.5 15.273.0
R7 14.696 15.529 15.219 15.305 15.886 14.772 11.480
R8 16.551 14.796 13.218 12.831 13.476 13.494 10.222
R9 8.923 10.456 10.047 11.048 11.026 9.563 6.858

Percentage abundance of  dry-sieved macro-aggregates fractions

Part of the Slope/
Fraction Size

>7 mm >5–7 
mm

>3–5 
mm

>1–3 
mm

>0.5–1 
mm

>0.25–
0.5 mm

<0.25 
mm

%
R1 13.08 11.49 14.58 20.70 17.12 9.65 13.39
R2 12.36 16.55 18.23 22.82 13.74 7.27 9.04
R3 9.86 17.03 21.16 28.70 13.18 4.55 5.52
R4 47.03 11.84 12.32 14.89 7.99 2.95 2.99
R5 27.05 11.28 13.90 19.76 14.93 6.49 6.58
R6 25.74 7.69 8.54 9.61 5.11 3.20 40.12
R7 0.68 3.70 5.34 6.46 11.60 23.06 49.16
R8 0.80 1.32 3.20 3.48 6.74 22.34 62.12
R9 2.42 4.86 9.54 21.40 20.00 21.00 20.78

T a b l e  3. Selected carbon parameters in fractions of water-resistant macro-aggregates and their percent abundance

Notes: R1, R4 and R7 − upper convex part; R2, R5 and R8 – slope; R3, R6 and R9 − accumulative concave part. 
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Part of the Slope/
Parameters

Soil Structure 
Vulnerability Coefficient 

(Kv)
Index of Crusting (Ic)

Critical Soil Organic 
Matter Content (St)

(%)
R1 1.441 1.477 1.706
R2 1.343 1.011 2.911
R3 1.204 0.689 3.913
R4 2.319 3.94 0.819
R5 0.915 2.557 1.484
R6 1.054 3.809 1.007
R7 2.695 3.537 0.881
R8 3.346 2.019 1.849
R9 1.644 2.765 1.283

Total 
Organic 
Carbon 

Cold Water 
Extractable 

Organic 
Carbon 

Hot Water 
Extractable 

Organic 
Carbon 

Labile 
Organic 
Carbon

Humic 
Substance 

Carbon 

Humic Acid 
Carbon 

(CHA)

Fulvic Acid 
Carbon 

(CFA)

CHA/CFA 
Ratio

(mg kg-1) (%)
RL1 1.366 252.25 416.05 976 36.38 19.84 16.54 1.03
RL2 1.130 343.98 554.58 885 37.52 17.26 20.27 0.72
RL3 0.933 217.86 311.46 764 38.69 19.08 19.61 0.78
RL4 0.738 263.72 427.52 649 35.77 23.58 12.20 1.68
RL5 0.963 447.18 587.58 850 36.14 20.25 15.89 1.67
RL6 1.202 470.11 1218.91 825 36.19 21.71 14.48 1.70
RL7 1.217 412.78 822.28 986 36.89 18.57 18.32 1.60
RL8 1.337 217.86 592.26 1074 36.35 18.70 17.65 1.53
RL9 1.651 194.93 674.63 1008 35.61 21.26 14.35 1.09
RL10 1.378 114.66 301.86 1211 39.62 26.99 12.63 1.34
RL11 1.456 149.06 617.06 1301 24.24 23.42 13.32 1.37
RL12 1.592 149.06 500.06 1231 34.48 19.91 14.57 1.27
RL13 1.676 137.59 535.39 1289 32.76 19.93 12.83 1.64

T a b l e  4. Chosen parameters of the soil structure.

Notes: R1, R4 and R7 − upper convex part; R2, R5 and R8 – slope; R3, R6 and R9 − accumulative concave part.

T a b l e 5. Total organic carbon and selected quantitative and qualitative parameters of soil organic matter.

Note: RL1 to RL13 are soil sampling localities on slopes.

etation during the mapping, and the newly established intensively used bleak vineyards 
uncovered erosional areas.

Modelling of water erosion is an effective method used in research. It is an effective way 
of protecting the soil by which the user regulates the management to minimise soil mass loss. 
Model results may not match the actual occurrence of erosion in space. This contention was 
confirmed in the synthesis of erosion endangered areas and the result of modelling of poten-
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tial average annual soil loss (Fig. 4). The models also do not feature precise expression of the 
movement of the material along the slope, and they do not determine the exact location of the 
soil particles in the plot. It is not appropriate to use them for a shorter period than the season, 
respectively, to determine the soil loss from a single rainfall event or sudden snow heating. 

Identification and verification of water erosion using soil probes is a relatively effective 
way of identifying real erosional processes. The advantage is also the understanding of land-
scape ecological, geomorphological connections and relationships in the landscape, which 
should be included in the proposals and principles for sustainable land use. However, using 
the method requires expertise and experience in field soil research. The method has its limi-
tations, which result from real conditions in a given part of the growing season and condi-
tions of soil state (optimal soil moisture, vegetation height, etc.).

When identifying erosional processes in the context of SOM and soil structure analy-
sis, unlike other methods, not only quantitative but also qualitative changes in soil erosion 
endangered soil properties are determined. The difficulty of the method is that it requires 
precise analyses in laboratory conditions and field sampling is bound by the optimal current 
soil moisture.

It is not possible to determine which of the methods of soil loss detection used is more 
significant. The methods used are complementary. Identification of spatial distribution of 
erosion areas and modelling are helpful in quantitatively define erosion areas. The use of soil 
probes and analysis of SOM are helpful in verify qualitative changes in soil during the process 
of water erosion.

The contribution of the research is also the identification of erosional processes in rela-
tion to the dynamics of land use. On the basis of this, it can be assumed whether the develop-
ment or the elimination of erosional processes or their elimination can potentially occur in 
the area. The importance of using a combination of various methods for research of erosional 
processes in the landscape is a suitable tool in a precise agriculture. Accurate localisation of 
endangered surface by erosion with the possibility of proposing an adequate soil erosion pro-
tection corresponds to the principles of the CAP. Farmers must respect Good Agricultural 
and Environmental Conditions (GAEC), which are linked to direct income support. Soil 
GAECs adopted for the European Union 2014−2020 planning period, designed to prevent 
soil erosion through appropriate measures, include standards that should be respected. How-
ever, the opposite has been shown in practice. Despite the fact that crops are being reduced 
in agriculture; soil, landscape, environment and other properties are damaged; and profit 
reduction, standards are rarely abided. The accurate detection of endangered surface by ero-
sion will allow the farmer to invest less costs in soil protection than when trying to provide 
protection on a whole land block, which often leads to inefficient loss of energy and funds. 
It leads to an increase in the cost of the whole company. The costs of technical landscaping, 
infrastructure repair and water treatment are increasing. 
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