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Abstract

The process of semi-automated consolidation of agricultural land threated by water erosion solves issues on the
level of individual farm/parcel. It is based on some prerequisites which involve: i) use of vectorised layers of land
evaluation units (BPE]) and digital terrain model (DTM), ii) land parcel identification system delineated as digital-
ized layers on actual orthophotomaps - LPIS agricultural land-use units (ALU). The basic scenario of land consoli-
dation results from the legal regulations of agricultural land protection in Slovak Republic (Act No 220/2004 Coll.,
§5) and technical norm STN 75 4501: “Erosion control in agricultural land”. The consolidation process consists of
several processing steps: 1) identification of erosion risk areas, 2) design of the optimal arrangement of ALU (size
and geometry, shape, accessibility for mechanization and combination of the above factors), and 3) recommen-
dation of erosion control measures applied for individual ALUs. The presented system was tested and applied in
selected cadasters of Komarno county (divided into 389 ALUs with a total area of 13,455 ha). Index of soil erosion
risk degree (SOEP) was estimated with USLE-based model in GIS and resulted in new design of consolidated
parcels. Combining this data and anti-erosion effect of cultivated crops (calculated as Cp factor), the priorities for
soil erosion control were proposed and displayed on the map. Each priority was classified according to SOEP index
and ALU size. Presented semi-automatic soil erosion consolidation algorithm can provide useful tool for land use
planners, helping them facilitate implementation of measures eliminating unfavourable erosion processes.
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INTRODUCTION

Soil erosion is a hazard traditionally associated with agriculture, and it can be real risk for its long-term
effects on soil and sustainable agriculture production. Mainly water erosion leads to environmental dam-
age through sedimentation, pollution, water quality decreasing and generally soil and land degradation
(McCool & Renard 1990, Dotterweich 2008, Chen et al. 2007, Issaka & Ashraf 2017). The costs associated
with the movement and deposition of sediments in the landscape arises from long-term loss of soil mate-
rial in eroding fields (Fulajtar & Jansky 2001, Morgan 2005, Dechen et al. 2015). Soil and land erosion con-
trol including land consolidation represents one of the most effective instruments which have potential
to mitigate impacts of predicted climate change. It can help sequester organic carbon as well as restoring
degraded soils and improving water quality (Lal 2004, Morgan 2005, Xiao et al. 2019, Kabelka et al. 2019).

Water erosion of soil is of great importance in modelling the landscape terrain (Fu & Chen 1998, So-
bocka & Jambor 2002) as well as in the degradation of the fertile properties of agricultural soils (Meng,
Zhu, Yin et al. 2021). Water erosion is manifested by a reduction in the depth of the soil profile (especially
the biologically active soil layer), a loss of organic matter and nutrients, as well as a deterioration of the
soil structure (Muukkonen et al. 2009, Kabelka et al. 2019, Meng et al. 2021, Xiao et al. 2019).
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Because policy and management approaches include use of soil erosion assessment tools, soil erosion
research directly affects the public in terms of providing information on natural hazards and human
impacts, and also as the basis for regulatory policy on land management and conservation planning.
Agricultural legislation defines maximum tolerable soil loss rates, and that requires soil erosion controls
on many construction sites and agricultural land (Renschler & Harbor 2002).

Growing use of erosion models and Geographic Information Systems (GIS) raises concerns about how
models are used and to what level they are reliable and predictive. This trend has a significant impact
on the development of supporting Geographic Information System (GIS) and modeling tools. Complex,
distributed, physics-based models are needed to improve understanding and prediction of landscape
processes at any point in space and time (Mitasova & Mitas 2001).

Consolidation of agricultural areas with erosion risk can be presented as an algorithm for designing such
an agricultural landscape in which the effects of soil erosion are observable and predictable. Streamlining
of the soil resources spatial organization based on the evaluation of those factors driving the intensity of
soil erosion (degree of erosion threat, size and shape of land, accessibility to land, etc.) are in the core of
the consolidation process (Nearing et al. 1990, Shi et al. 2004, Fu & Chen 2000, Chartin et al. 2014).

Water erosion in Slovakia belongs into degradation processes which result in destructive and irrevers-
ible changes of soil cover, modifying morphologic and physical-chemical properties of soil. This topic
was discussed in several previous studies of Sobocka & Jambor (2002), Sobocka & Skalsky (2002), Fu-
lajtar & Jansky (2001), Petlusova et al. 2021 Petrikovi¢ova, Rampasekovd, Sobocka (2021). By the most
recent results of the monitoring of agricultural land of Slovakia (Kobza et al. 2019) soil erosion is the big-
gest threat to farmers in term of percentage of agricultural soils potentially affected (44%), out of which
about 20% can be influenced by extreme water erosion. Average soil loss in Slovakia estimated by Kobza
et al. (2019) for 2018 is 13.57 t.ha™.

High and extreme potential soil erosion is present in sub-montane and montane regions, high and me-
dium erosion can be observed mainly on arable land in hilly areas. Properly implemented anti-erosion
measures, based on the design of agricultural land in terms of spatial differentiation of erosion risk in ag-
ricultural land, will help to reduce the intensity of these undesirable processes and ensure adequate crop
production in line with sustainable management. In Slovakia erosion control is based upon evaluating
the distribution of agricultural land in risk by water erosion and the soil erosion impact intensity (STN
75 4501: 2000, Alena 1991, Antal 2005, Ilavska, Jambor, Lazur 2005). Problems of land consolidation in
condition of Slovakia were discussed in some previously published works (Sobocka & Bielik 2009, So-
bocka, Bezak, Skalsky 2017). List of suitable measures to be applied on individual agricultural land can
serve as a part of the soil erosion control plan (Dzatko & Ilavska 2005, S¢epita 2011). A K-factor of land
erodibility in a form of digital map layer was presented in work of Styk et al. (2008).

The main goal of this paper is to present the consolidation algorithm for agricultural land affected by
water erosion. This approach was implemented and tested in several cadasters of Komarno county (Dan-
ubian lowland, SW Slovakia). Totally 6 cadasters (Batorové Kosihy, Svity Peter, Kratke Kesy, Modrany,
Mudronovo a Chotin) were selected for application and testing of the proposed algorithm to help farm-
ers and land users/owners with consolidation of areas under soil erosion risk using generally available
databases and tools. Principles of the algorithm presented here are also available on the SOIL PORTAL
(www.podnemapy.sk/portal/verejnost/konsolidacia/konsolidacia.aspx) which serves as user-friendly in-
strument for farmers, land use designers, and planners providing a guideline for delineation of soil ero-
sion risk areas and proposing anti-erosion measures.

MATERIAL AND METHODS

The study area is located in southeast Danubian lowland and is characterized by undulating terrain,
especially in its northern part. Agricultural land within the LPIS (land parcel identification system of the
CAP) is divided into 389 individual parcels (further referred to as agricultural land-use units — ALUs)
with a total area of 13,455 ha (Fig. 1).
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Figure 1 Study area delineated according to the LPIS land parcel identification
system ALUs (https://gsaa.mpsr.sk)

The slope steepness and slope orientation (exposure) in the study area are diverse. The most of the ag-
ricultural land is located on the plain terrain (83%, i.e. 11,221 ha). The most sloping areas falls to a range
of slopes of 3° - 7° (14%, i.e. 1,868 ha). Slopes in the interval of 7° - 12° (3%, 340 ha) and slopes above
12° (<1%, 26 ha) are less frequent.

-ty

Figure 2 ALU borders displayed on the background of the slope class GIS layer

Agricultural land of the study area (Tab. 1, Fig. 3) is predominantly used as arable land (12,289 ha).
Vineyards (745 ha) and permanent grasslands (203 ha) are also having significant shares. Other land uses
with totally 157 ha are presented by orchards (53 ha) and backyard gardens (8 ha).
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Table 1
Land use of agricultural land in the study area
Use of agricultural land Acreage (ha) Number of ALUs
OP (arable land) 12,289 282
VIN (vineyards) 745 50
TTP (permanent grassland) 203 23
PPF (land of other ways use) 157 21
SAD (orchards) 53 12
ZAH (gardens) 8 1
Total

Figure 3 Land use in the study area (https://gsaa.mpsr.sk/)

Several digital georeferenced data layers are required as an input for the land consolidation algorithm:

« Digital layer of BPE] (land (soil-ecological) evaluation units)

« Digital LPIS (land parcel identification system) as the base of agricultural land-use units

« Digital terrain model (DTM)

o Orthophotomaps

« Database of slopes (generated from DTM at some resolution)

« Land use database - arable land, permanent grassland, forest, or other landscape elements (can be
generated from LPIS orthophotomaps maps)

« Database of soil erosion (soil erosion risk degree, USLE model).

BPE] - soil-ecological evaluation unit represents a quasi-homogeneous spatial unit expressed by
a 7-digit code containing: climate region, soil unit, slope and exposure, stoniness and depth, and soil

texture.

Consolidation process (algorithm) consists of following processing steps identified and presented also
in previous published case-studies (Sobockd & Bielik 2009, Sobockd, Bezak, Skalsky 2017):
1. Identification of erosion risk areas: computation of extent and erosion risk intensity by using index

of potential erosion risk, or USLE equation (Wishmeier & Smith 1978);
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2. Designing optimal ALUs via determining a) the size of agricultural parcels, b) the shape of agricul-
tural parcels (geometry), c) accessibility for machinery, and d) the combination of all above factors
using STN 75 4501 technical norm;

3. Recommendation of the measures for soil erosion control (soil management practices, crop ro-
tation systems, construction of green belts and terraces, etc.). Soil erosion control measures were
selected from those recommended by Bielek (1996), and Demo and Bielek (2000). Here also some
other measures such as appropriate crop composition in the crop rotations according to Alena
(1991) were applied to secure that soil erosion does not exceed the limit values.

Consolidation of areas with erosion risk was constructed in accordance with a technical norm STN
75 4501: “Erosion control of agricultural land” and in related to Slovak legal act on soil protection (Act No.
220/2004 Coll.). The standard technical norm STN 75 4501 recommends size of individual agricultural
parcels (ALUs) using slope ranges as defined for BPE] database (Tab. 2).

Table 2
Recommended size of ALUs by slope categories (according to technical norm STN 75 4501)

Slope category Length of AB (m) | Width of AB (m) Size of AB (ha) Erosion intensity
3°-7° 550 250 10-20 Medium
7°-12° 400 250 5-10 High
Above 12° Delimitation to permanent grassland Arbitrary Extreme

Source: STN 75 4501

The technical norm also recommends the shape of agricultural parcels (ALUs) - the longer sides of the
ALUs are required to be parallel, perpendicular, or sloping to the sides at an angle of 60° — 120° (Tab. 3).

Table 3

Geometric shape of ALUs (according to technical norm STN 75 4501)
Geometric shape Characteristics of ALUs

1 With parallel sides over 20 ha

2 The shape of irregular polygons

3 With parallel sides to 20 ha

4 Can be spread as a regular parallelogram

5 The shape of triangles, and of a regular polygons

Source: STN 75 4501

Other important characteristics of the agricultural parcel is the accessibility by machinery. If the acces-
sibility to agricultural fields is insufficient, the machinery passes through the field and thus can possibly
deteriorate it. Accessibility to the agricultural parcel as recommended by standard technical norm STN
754501 is shown in the Tab. 4.

Table 4
Optimal accessibility to fields by size of the ALUs (according to technical norm STN 75 4501)
tpeorats | Bt e oftrin
0-20 ha from 1 side 0-5 ha from 1 side
Arable land 21-80 ha from 2 sides 6-25 ha from 2 sides
81 ha and more ha from 3 sides | 26 ha and more ha from 3 sides
Source: STN 75 4501

While performing land consolidation (combining the size, shape and accessibility of ALUs) it is im-
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portant to take into account also existing (whether natural or technical) obstacles and to accept as many
other land allocation principles as possible:

(i) parcel size (minimum economic area of 2 ha, minimum width of 40 - 50 m, and minimum eco-
nomic length 200 m), for optimal parcel size see also Tab. 2;

(ii) most suitable shape (rectangle with internal angles >50° with the longer parcel side in the machin-
ery move direction).

RESULTS AND DISCUSSION

Index of potential soil erosion risk
The calculation with USLE model (Wishmeier & Smith 1978) in GIS environment allows to determine

the extent and spatial pattern of soil erosion risk in the landscape. The result of the soil erosion risk index
calculation for the study area and its subsequent classification is shown on Figure 4.

[
Nevady
el

Fidbah

Wrbav rad Yo

Legend
U7 cadaster borders

| ALU borders '

; ; <5 halyear \ _:mww
— el O A Y A e e
i 15-20 m TR A s = S v ¥ \ _____ it
- 2 nsr &5 = N om

Figure 4. Soil erosion risk index calculated with USLE model for ALUs in the

study area

Potential erosion risk values (t. ha'. year") calculated for study area were classified according to the
limits involved in the Annex No. 6 to the national legal act No. 508/2004 Coll.

Table 5
Limit values of soil runoff during water erosion (according to Annex 6 of the legal act
No. 508/2004 Coll.)

Soil depth t.ha'.year’
Shallow soils (to 0.3 m) 5
Medium deep soils (0.3-0.6 m) 10
Deep soils (0.6-0.9 m) 15
Very deep soils (more than 0.9 m) 20

Index of soil erosion risk degree (SEOP Index) is defined as a ratio of the calculated soil loss and the
allowed values of soil loss according to the legal Act No. 220/2004 Coll. With this index it was possible
to allocate individual ALUs into classes (Alena 1991). Based on such classification, the percentage of
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individual SEOP classes in agricultural land can be evaluated (Tab. 6, Fig. 5) and thus assess whether the
land is endangered by soil erosion or not, and then also decide whether it is necessary to recommend any
anti-erosion measures.

Table 6
Soil erosion risk classes — SEOP Index (according to Alena 1991)

Naming of the soil erosion risk degree (SEOP)
No mk. to weak Moderately risk Ext.reme Very extreme risk | Catastrophic risk
risk risk
SEOP Class 1 2 3 4 5
SEOP Index < 1.00 1.01-2.00 2.01-7.00 7.01-28.00 > 28.01

Figure 5 Soil erosion risk classes degree (SEOP) attributed to ALUs in the

study area
Table 7
ALUs number of and acreage allocated into individual classes SEOP
No nsi(istlg weak Moderately risk Extremerisk | Veryextremerisk | Catastrophic risk
ALUS 258 38 70 16 7
number
Acreage (ha) 12,946 350 135 23 2

The representation of individual classes of the soil erosion risk degree (SEOP) suggests that 96% of
areas are of no risk or only weak risk according to the legal Act No. 508/2004 Coll. This can be explained
by a large area share of deep soils with the limit value of soil runoft being 20t.ha'.year". The remaining
4% of the ALUs is affected mainly by moderate to extreme soil erosion risk. On approximately 1% of the
ALU areas risk of very extreme erosion was observed.
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Area of 46 ALUs (corresponding to 2,201 ha or 16% of the total area) was divided based on slope class.
Four ALUs with a total area of 135 ha (1%) were divided into smaller parcels with the total area of less
than 20 h each. For one ALU, the part of slope steepness above 12% was set aside and allocated to grass-
land. Not any consolidation was required for ALUs in the remaining part of the study area (Tab. 8, Fig. 6).

Table 8

Final table showing ALUs consolidation number and related areas.
Anti-erosion measures Number of ALUs Acreage (ha)
No need consolidation 338 11,101
Division of the land into parts according to the slope 46 2,201
Division of land into parts with maximum area of 20 ha 4 135
Division of the land into parts according to the slope | 18
and grass the parts with a slope above 12°
Total 389 13,455

-mmgm\LU
division of land into parts with max. area of 20 ha
division of land into parts with max. area of 10 ha
B civision of the land into parts according to the slope
I cvision of the land into parts according 1o the slope and grass the parts with a siope abave 12°

Figure 6 Differentiation of ALUs according to the anti-erosion measures

recommended

-

Suitability of cultivated crops according to their anti-erosion effect
— Areas of soil erosion risk in agricultural land were identified by the SOEP index and anti-erosion
measures proposed as a part of the consolidation algorithm. Next important step was to identify crop
suitable for the given erosion risk conditions based on the anti-erosion effect of different agricultural

crops.

Possible way is calculation of the maximum allowed value of the vegetation protection factor (Cp val-
ue), which is derived from the USLE equation (Wishmeier & Smith 1978). The Cp factor values for
specific crops according to Alena (1991) were applied. Calculated Cp factor values allow for designing
suitable composition of crops in the crop rotation which secures that actual soil erosion does not exceed

the limit values (Tab. 9).
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Table 9
Maximum allowed values of the vegetation protection factor (Cp) and recommendations for crop
rotations
Value Cp | Value Cp for individual crops Description measure
< 0.005 0.005 - Permanent grassland Grassing (use as permanent grassland)
0.015 - Clover o )
0.005-0.02 Cultivation of perennial forage
0.020 - Lucerne
0.02-0.1 0.09 - Oat
0.11 — Winter wheat Exclusion Qf cgltivation of broad-leaved
0.1-0.15 e barl crops, cultivation of narrow-leaved crops
0,14 - Spring barley with the use of soil protection technologies
0.15-0.2 0.17 — Ray
0.22 — Winter rape
02-0.45 0.3 — Beans on grain Cultivation of narrow-row crops without
0.44 - Sugar beet restrictions and cultivation of wide row
0.44 - Late potatoes crops using soil protection technologies
0.45-0.6 | 0.6 - Early potatoes
0.61 — Corn grain
0.6-0.7 ; . _—
0.72 - Silage corn Without restrictions
>0.7
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Area (ha) according to the suitability of crop production taking into account the anti-erosion effect
of the crops

Without restriction

Cultivation of narrow
row crops without
restrictions and

Exclusion of cultivation
of wide row crops,
cultivation of narrow

Cultivation of perennial

cultivation of wide . i1 forage
row crops using soil TOW CIOpS using SOl
protection technologies protection technologies
13,234 182 0.2 40

Setting priorities for handling erosion risk in land consolidation

All partial results obtained from previous calculations indicate factors (potential soil erosion risk, SEOP
index), specific measures (consolidation of soil erosion risk areas) as well as recommendations (determina-
tion of suitability for cultivated crops taking into account their anti-erosion effect Table 10). They provide
basis for professional and objective decision-making during the process of designing anti-erosion measures
on agricultural land. Logical linking of this information was used to set the land consolidation priorities.

Areas with diverse land use, slope, parcel size, etc., can be found in the agricultural land which defines
their different degree of potential threat from water erosion. For this reason, it was necessary to divide
the agricultural areas in the study area into different categories according to the priorities. The basic area
unit we evaluated was ALUs. Based on the overlap with the data on potential erosion risk and SEOP, we
get the share of individual degrees of erosion risk within the ALU.

In the case of large agricultural parcels, it would be appropriate to divide them into smaller areas based
on slope classes. Those ALUs with a large area and a high erosion rate were set the highest priority; in the
second place, it was necessary to consolidate those ALUs with a smaller share of areas with high erosion
rate. Tab. 11 shows example of the spatial differentiation of areas endangered by soil erosion as a prereq-
uisite for land consolidation.

Table 11
Example of ALUs distribution according to the priorities for addressing soil erosion risk in
consolidation process (cut-out table)

Description Areas endangered by soil erosion
oy Area endangered b
:é ALU Acreage (ha) Land use | potential soiil; erosioi’l Areaseél g;ng:; d by
A (ha)
1 | Modrany 2001/1 216.85 Arable land 129.2 36.4
1 | Modrany 2402/1 135.77 Arable land 93.4 33.8
1 | Modrany 6403/1 87.02 Arable land 62.6 19.8
1 | Modrany 4301/1 59 Arable land 41.2 18.7
1 | Modrany 8401/1 35.45 Arable land 27.8 16.8
1 | Modrany 0201/1 158.39 Arable land 91.0 16.6
1 | Pribeta 9901/1 80.43 Arable land 36.8 14.2
1 | Modrany 8301/1 132.66 Arable land 72.3 14.1
1 | Modrany 9401/1 50.54 Arable land 30.9 13.9

Based on the total agricultural parcel area and the percentage of areas at risk of erosion according to
the SEOP and the potential soil erosion risk, the following 6 groups were indicated which determine the
priorities of the consolidation process (Tab. 12).
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Table 12
Priorities of addressing anti-erosion measures set for ALUs from the study area

-‘E Way of delineation Description Anti-erosion protection measure

S

i

A
Division of the land into parts

i Agricultural land with area according to the slope, or into parts
1 iEOC;I}’lzrea within ALU over 0.5 ha endangered by soil | under 20 ha. Cultivation of broad-
' erosion leaved crops using soil protection

technologies.

Division of land into parts according

Agricultural land with an area to the slope. Cultivation of broad-

SEOP area > 5% AND <

2 | 0.5 ha within ALU gf les§ than.O.S ha endangered leaved crops using soil protection
y soil erosion :
technologies.
Ensuring year-round green soil cover
ALU with VIN ' by grassing, greening with herbaceous
Agricultural land used as vegetation of abundant flowering
and SAD land use . . .
3 . vineyards and orchards plants, covering with straw, hay or
endangered by soil . . . . :
. endangered by soil erosion other mulching material at least in
erosion .
every other aisle of the orchard /
vineyard

Without risk, SEOP Agricultural land with a
4 |area < 5% AND > 0.5 minimum area endangered by | Areas in these groups do not exceed

ha within ALU soil erosion the limit values given by Decree no.
Agricultural land without 508/2004 Coll. as amended, subject to
Potential soil erosion soil erosion threat according | standard precipitation. In the event of
5 risk SEOP area > 5% to SEOP, but with an area more extreme rainfall, these areas may
AND over 5% resp. above 0.5 ha also be endangered to some extent by
> 0.5 ha within ALU potentially endangered by soil | water erosion.
erosion

6 | Without risk - -

Explanation: SEOP - soil erosion risk degree, ALUs - agricultural land-use units, VIN - vineyards, SAD - orchards

The results in tabular form as well as their spatial identification (Fig. 8) allows the owner or user of the
land to get an overview of the necessary anti-erosion measures and also help them to determine critical
areas that need to be addressed first.

Recommendation of soil protection (anti-erosion) measures in the area threatened by water erosion
is not straightforward process and it is necessary to evaluate first important factors that affect the ero-
sion process itself. Also, each of the resulting anti-erosion measures consists of several partial measures,
which together reduce the risk of erosion and enable via their combination to achieve a land use that will
minimize possible crop cultivation constraints.

Compared to other case studies the level of analyses showed in this work is more detailed (not re-
gional but cadaster level) and directly applicable at farm level. Many authors used USLE / RUSLE
based GIS modelling (Shi et al. 2004, Nearing et al. 2005, Amore et al. 2004, Millward & Mersey 2001,
Afshar, Yarnia, Bagherzadeh et al. 2016) for assessment of soil erosion risk or runoff on hilly slopes.
Wishmeier & Smith (1978) equation based GIS toolbox was used in this study to determine the spatial
pattern of soil erosion risk in the study area. Several simulation models were developed to estimate
suitability of land for farming or selected management practices (Kovar, Janecek, Vassova 2012, Simota
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et al. 2005). Chartin et al. 2014, Ledermann (2010) and assessed impacts of land consolidation on soil
condition status.

(%3
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B secF > 05ha

" [ seoP > 5% AND >0,5ha
endangered special ALU

without endangering, SEOP 5% AND $0.5 ha | - o3

I vithout endangering, SEOP> 5% AND >05ha = ¥
I without endangering Miss s

..........

Figure 8 Distribution of ALUs according to the priorities of applying anti-erosion measures in
the process of land consolidation.

Consolidation algorithm presented in this study follows the approach presented also by other authors
(Nearing et al. 1990, Shi et al. 2004, Giles, Franklin 1998, Fu & Chen 2000. Baja, Chapman, Dragowich
2002) and fully respects the basic framework:

(i) Identification of erosion risk areas and their rate of risk (calculation of potential of soil erosion
risk and SEOP);

(ii) Creating of the optimized spatial design of areas using the defined rate of risk (ALUs consolidation
using STN technical norm)

(iii) Recommendation of the soil erosion control measures, in our case recommendation of optimal
cropping system based on value of the soil protection factor by vegetation/crop (Cp).

CONCLUSIONS

Application of the land consolidation algorithm in the study area suggested that the most ALUs had
a very small proportion of areas endangered by erosion, or that soil erosion risk did not exceed the limit
values according to legal Act No. 508/2004 Coll. as amended. At the same time, some proportion of all
ALUs are endangered in terms of potential soil erosion risk. These may represent a certain risk in the case
of the rainfall events exceeding the average total or the rain intensity. This potential risk needs to be taken
into account and, if necessary, can be additionally included in the system of recommended anti-erosion
measures. Minor ALUs from the study area were not at risk of erosion, either in terms of potential ero-
sion risk or because they were already used as grasslands.

This study attempts to address issues of elimination or partial mitigation of erosion-accumulation pro-
cesses in the agricultural landscape. Properly implemented erosion control measures consist of recom-
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mended spatial design of the agricultural landscape, i.e. new spatial differentiation of agricultural land
threatened by erosion, list of measures which might reduce the intensity of these undesirable processes
and secure adequate agricultural production in a sustainable way. Web application is available for farm-
ers on SOIL PORTAL (http://www.podnemapy.sk/portal/verejnost/konsolidacia/konsolidacia.aspx)
which is based on the consolidation algorithm presented, can help farmers or other users of agricultural
land to create a solid basis for a re-arrangement of agricultural land helping to eliminate water erosion.

REFERENCES

Afshar, E., Yarnia, M., Bagherzadeh, A. et al. (2016). The effects of cropping systems on soil erosion risks
and crop productivity using ImpelERO model and GIS in northeast of Iran. Model. Earth Syst. Envi-
ron. 2, 164 (2016). https://doi.org/10.1007/s40808-016-0142-6.

Alena, F. (1991). Protierézna ochrana na ornej pod: metodickd prirucka. (Anti-erosion protection of ara-
ble land: a methodological manual). Statna meliora¢na sprava, Bratislava, 95 s.

Amore, E., Modica, C., Nearing M.A., Santoro V.S. (2004). Scale effect in USLE and WEPP application
for soil erosion computation from three Sicilian basins. Journal of hydrology, Vol. 293, Issues 1-4, pp.
100-114.

Antal, J. (2005). Protierézna ochrana pddy (Anti-erosion soil protection). Nitra: SPU, 2005. 79 s. ISBN
80-8069-572-5.

Baja, S., Chapman, D.M., Dragovich, D. (2002). A conceptual model for defining and assessing Land
Management Units Using a Fuzzy Modeling Approach in GIS. Environment Environmental Manage-
ment, Vol. 29, Issue 5, pp. 647 - 661. DOI: https://doi.org/10.1007/s00267-001-0053-8.

Bielek, P. (1996). Ochrana pody: Kédex spravnej polnohospoddrskej praxe v Slovenskej republike. (Soil
protection: Code of good agricultural practice in the Slovak Republic). Bratislava: VUPOP, 1996, 54 s.
ISBN 80-85361-21-3.

Chartin, C., Salvador-Blanes, S., Olivier, E., Van Oost, K., Hinschberger, F.,, Macaire, J.J. (2014). Im-
pact of land consolidation and field borders on soil erosion and storage within agricultural landscapes.
EGU General Assembly 2014, held 27 April - 2 May, 2014 in Vienna, Austria, Bibcode: 2014EGU-
GA.1610372C. .

Chen, L., Wei, W,, Fu, B.J,, Lu, Y. (2007). Soil and water conservation on the Loess Plateau in China:
review and perspective. Progress in Physical Geography, 08/2007; 31(4):389-403, DOLI: https://doi.
org/10.1177/0309133307081290.

Dechen, S.C.E Telles, T.S., Guimarées, M.F.,, De Maria, I.C. (2015). Losses and costs associated with water
erosion according to soil cover rate. Bragantia, Campinas, v. 74, n. 2, p.224-233, 2015. Available on:
http://dx.doi.org/10.1590/1678-4499.0363.

Demo, M., Bielek, P. et al. (2000). Regulacné technoldgie v produkcnom procese polnohospoddrskych plodin.
(Regulatory technologies in the production process of agricultural crops). Nitra: SPU, 2000. 667 s. ISBN
80-7137-732-5.

Dotterweich, M. (2008). The history of soil erosion and fluvial deposits in small catchments of central
Europe: Deciphering the long-term interaction between humans and the environment — A review. Geo-
morphology, Vol. 10, 101/(1), pp. 192 -208. DOL: https://doi.org/10.1016/j.geomorph.2008.05.023.

Dzatko, M., Ilavska, B. (2005). Vyuzivanie vysledkov hodnotenia péd a tizemia pre projektovanie pozem-
kovych viprav a ochranu polnohospoddrskej pody: metodickd prirucka. (Using the results of soil and land
assessment for the design of land consolidation and the protection of agricultural soils: a methodolo-
gical manual). Bratislava: VUPOP, 2005. 44 s. ISBN 8-89128-23-8.

Fu, B., Chen, L. (2000). Agricultural landscape spatial pattern analysis in the semi-arid hill area of
the Loess Plateau, China. Journal of Arid Environments, 44: 291-303. DOI: https://doi.org/10.1006/
jare.1999.0600.

Fulajtar, E., Jansky, L. (2001). Vodnd erézia pody a protierézna ochrana. (Water erosion and anti-erosion
protection). Bratislava: Vyskumny ustav pddoznalectva a ochrany pody, 2001. 310 s. ISBN 80-58361-85-X.

52



Pedosphere Research, vol. 1, 2021, no. 1: 40 - 54

Original paper

Giles, P.T., Franklin, S.E. (1998). An automated approach to the classification of the slope units
using digital data. Geomorphology, 21, 1998: 251-264. DOI: https://doi.org/10.1016/S0169-
555X(97)00064-0.

Ilavskd, B. Jambor, P, Lazur, R. (2005). Identifikdcia ohrozenia kvality pody vodnou a veternou eréziou
a navrhy opatreni. (Identification of threats to soil quality due to water and wind erosion and proposals
for measures). Vyskumny ustav podoznalectva a ochrany pody, 2005, 52 s.

Kabelka, D., Kincl, D., Janecek, M., Vopravil, J., Vrablik, P. (2019): Reduction in soil organic matter loss
caused by water erosion in inter-rows of hop gardens. Soil & Water Res., 14: 172—182. DOI: https://doi.
org/10.17221/135/2018-SWR.

Kobza, J., Baran¢ikova, G., Dodok, R., Makovnikova, J., Palka, B., Styk, J. Sirdn, M. (2019). Monitor-
ing péd SR. Sucasny stav a vyvoj monitorovanych vlastnosti péd ako podklad k ich ochrane a dalsiemu
vyuZivaniu (2013-2017). (Soil monitoring in the Slovak Republic. Current state and development of
monitored soil properties as a basis for their protection and further use (2013-2017). NPPC - VUPOP
Bratislava, 2019, 252 s. ISBN 978-80-8163-033-0.

Kovat, P, Janecek, M., Vassova, D. (2012). Surface Runoff Simulation to Mitigate the Impact of Soil Ero-
sion, Case Study of Trebsin (Czech Republic). Soil ¢ Water Research, 2012, Vol. 7, Issue 3, p85-96. 12p.

Lal, R. (2004). Soil Carbon Sequestration Impacts on Global Climate Change and Food Security. Science,
2004, Vol. 304, Issue 5677, pp. 1623 -1627, DOI: 10.1126/science.1097396.

Ledermann, T., Herweg, K., Liniger, H.P, Schneider, F, Hurni, H., Prasuhn, V. (2010). Applying erosion
damage mapping to assess and quantify off-site effects of soil erosion in Switzerland. Land Degradation
& Development, Special Issue Article. DOL https://doi.org/10.1002/1dr.1008.

McCool, D.K.,, Renard, K.G. (1990). Water Erosion and Water Quality. In: Singh, R.P, Parr, ].E,, Stewart,
B.A. (eds) Advances in Soil Science. Vol 13. Springer, New York, NY. https://doi.org/10.1007/978-1-
4613-8982-8_8.

Millward, A.A., Mersey, ].E. (2001). Conservation strategies for effective land management of protected
areas using an erosion prediction information system (EPIS). Journal of Environmental Management,
Vol. 61, issue 1, 2001 pp. 329 -242. DOI: 10.1006/jema.2000.0415.

Morgan, R.P.C. (2005). Soil erosion and conservation. Blackwell Science Ltd & Blackwell Publishing com-
pany. ISBN 1-4051-1781-8.

Mitasova, H. & Mitas, L. (2001). Multiscale Soil Erosion Simulations for Land Use Management. In: Har-
mon R.S., Doe W.W. (eds) Landscape Erosion and Evolution Modeling. Springer, Boston, MA. https://
doi.org/10.1007/978-1-4615-0575-4_11.

Meng, X., Zhu, Y., Yin, M. et al. (2021). The impact of land use and rainfall patterns on the soil loss of the
hillslope. Sci Rep 11, 16341 (2021). https://doi.org/10.1038/s41598-021-95819-5.

Muukkonen, P, Hartikainen, H., Alakukku, L. (2009). Effect of soil structure disturbance on erosion and
phosphorus losses from Finnish clay soil. Soil and Tillage Research, Vol. 103, Issue 1, 2009, pp. 84-9,
DOTI: https://doi.org/10.1016/j.still.2008.09.007.

Nearing, M.A., Lane, L.J., Alberts, E.E. & Laflen, .M. (1990). Prediction Technology for Soil Erosion
by Water. Status and Research Needs. Soil Sci. Soc. of Am. Journal, Vol. 54, No 6, p.1702-1711. DOL:
10.2136/s552j1990.03615995005400060033x.

Nearing, M., Jetten, V., Baffaut, C., Cerdan, O., Couturier, A., Hernandez, M., Bissonnais, Y., Nichols,
M., Nunes, J., Renschler, C., Souchere, V. & Van Oost, K. (2005). Modeling Response of Soil Erosion
and Runoff to Changes in Precipitation and Cover. Impacts of Global Climate Change: pp. 1-11. DOL:
https://doi.org/10.1016/j.catena.2005.03.007.

Petlusova, V., Petlug, P, Sev¢ik, M., Hresko, J. (2021). The Importance of Environmental Factors for the
Development of Water Erosion of Soil in Agricultural Land: The Southern Part of Hronska Pahorkatina
Hill Land, Slovakia. Agronomy 2021, 11, 1234. https://doi.org/10.3390/ agronomy11061234 Academic
Editor: Massimo Fagnano.

Petrikovi¢ova, L., Rampasekova, Z., Sobocka, J. (2020). A Detailed Identification of Erosionally Endan-

53



Pedosphere Research, vol. 1, 2021, no. 1: 40 -54

Original paper

gered Agricultural Land in Slovakia (Case Study of Nitra Upland). Journal Sustainability, 12, 4863,
2020, 14 p., ISSN 2071-1050. DOI:103390/su12124863.

Renschler C.S., Harbor J. (2002). Soil erosion assessment tools from point to regional scales; the role
of geomorphologists in land management research and implementation. Geomorphology, Vol. 47/189,
189-209. DOLI: 10.1016/S0169-555X(02)00082-X.

Shi, Z.H., Cai, C.E, Ding, S.W., Wang, T.W., Chow, T.L. (2004). Soil conservation planning at the small
watershed level using RUSLE with GIS: a case study in the Three Gorge Area of China. Catena, Vol. 55,
Issue 1, 2004, pp. 33 -48.

Issaka, S. & Ashraf M.A. (2017). Impact of soil erosion and degradation on water quality: a review, Geol-
ogy, Ecology, and Landscapes, 1:1,1-11, DOI: 10.1080/24749508.2017.1301053.

Simota, C., Horn, R., Fleige, H., Dexter, A., Czyz, E.A., Diaz-Pereira, E., Mayol, E, Rajkai, K., De La Rosa,
D. (2005). SIDASS project: Part 1. A spatial distributed simulation model predicting the dynamics of
agro-physical soil state for selection of management practices to prevent soil erosion. Soil and Tillage
Research, Vol. 82, 2005, pp. 15-18. DOI: 10.1016/j.still.2005.01.003.

Styk, J., Fulajtar, E., Palka, B., Granec, M. (2008). Aktualizovany vypocet faktora erodovatelnosti pody
(K-faktor) za ucelom generovanie detailnejsej digitalnej vrstvy (Updated calculation of soil erodibility
factor (K-factor) in order to generate a more detailed digital layer). Vedecké prace VUPOP 30 (2008),
Bratislava 2008.

Sobocka, J., Jambor, P. (2002). Water erosion control in conditions of a geomorphologically dissected
area, Geograficky casopis, 54/1, 2002, pp.75 - 84. Available on website: https://www.sav.sk/journals/up-
loads /05131116Sobocka,%20Jambor.pdf.

Sobocka, J., Bielik, M. (2009). Prispevok ku konsolidacii er6zne ohrozenej krajiny. (Contribution to the
consolidation of risk erosion landscape). Vedecké prdace VUPOP 31(2009), s. 163 -175.

Sobocka, J., Bezdk, P, Skalsky, R. (2017). Semi-automaticka konsolidacia erézne ohrozeného tizemia —
priklad povodia Studeného potoka. In: Pestovatelské technologie a ich vyznam pre prax. (Semi-automat-
ic consolidation of erosion risk area — an example of the Studeny potok basin. In: Growing technologies
and their importance for practice). Zbor. z 8. ved. konf. s medzinarodnou ucastou, Piestany 5.12.2017,
s. 85-91, ISBN 978-80-89417-75-9 (reviewed.).

Séepita, O. (2011). Building erosion control measures in land consolidation projects. Slovak journal of
civil engineering. Vol XIX, 2011, No. 2, pp- 32-36. DOI: 10.2478/v10189-011-0011-2.

STN 75 4501. (2000). Protierozna ochrana polnohospoddrskej pody. (Anti-erosion protection of agricul-
tural soils). Available on website: https://normy.unms.sk/eshop/public/standard_detail.aspx?id=14372.

Wishmeier, W.H., Smith, D.D. (1978). Predicting rainfall erosion losses — guide to conservation plan-
ning. Agricultural Handbook 537, United States Department of Agriculture, Washington. Available on
website: https://naldc.nal.usda.gov/download/CAT79706928/PDE

Xiao, H., Li. Z., Chang, X, Huang, B., Nie X, Liu, C., Liu, L., Wang, D,, Jiang, J. (2019). The mineralization
and sequestration of organic carbon in relation to agricultural soil erosion. Geoderma, Vol. 329, 2019,
pp.73 - 81. Available on website: https://doi.org/10.1016/j.geoderma.2018.05.018.

Received: November 22, 2021
Accepted: December 17, 2021
Published online: January 2022

54



