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ABSTRACT

Aim of this study is to assess and map the retention capacity of the soil in agroecosystem, the
capacity of the ecosystem to provide water regulation in Slovak Republic, as well as to describe the
use of GIS techniques in creating an uniform spatial units for agroecosystem services inventor. We
have created a mapping unit combining these input layers: slope topography, soil texture and
usage of land in four climatic regions. Potential of water regime regulation (soil water storage) is
determined on the basis of the value of retention water capacity recalculated to soil water storage in
context with the soil depth. Evaluated potential of water regulation service was categorised into five
categories (very low, low, medium, high and very high). In Slovakia 27.47% of the area of
agricultural ecosystems has very high potential for regulation of water regime (accumulation of
water in the soil). They are mostly ecosystems of arable land located in Eastern Slovak Lowland,
Danubian Upland, South-Slovak Basin and KoSice Basin with heavy clay loam and clayey deep
soils without skeleton. Ecosystems with very low and low potential for water storage occupy
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32.04% and these are predominantly grasslands. To identify the risk areas, we evaluated the
potential of water regulation in relation to factor R, which represents the risk of torrential rain. In
Slovakia 18.20% of the area of agricultural ecosystems has from very high to high risk of
agroecosystem degradation. The methodology developed in this paper is replicable and could be
applied by planners in the case they are proficient in geographical information systems.

Keywords: Agroecosystem services; soil water storage; water regulation potential; mapping units.

1. INTRODUCTION

Service-providing ecosystems are denoted as
natural capital [1]. On the basis of this, it could be
perceived the linkage between economy and
ecological dimensions [2,3,4,5]. To achieve this
in sustainable way, natural capital has to be
related to other forms of capital, such as
production, human and social or cultural capital.
Ecosystem services (the provisioning, regulating
and cultural one) are basically determined by the
interaction between ecological and social
systems, because only those ecosystem
processes contributing to the satisfaction of
human needs are defined as ecosystem services
[3,5,6]. Understanding the interactions between
properties and processes is therefore essential
for the mapping and assessment of ecosystem
services. Biophysical assessment of ecosystem
services is a quantification of the flow of services
in biophysical units [7]. However, it also requires
a regular measurement of indicators of
ecosystem services [7]. Explicit quantification
and mapping of ecosystem services is
considered to be one of the key requirements for
implementing the concept of ecosystem services
into institutional decision making. Models and
their map views should reflect biophysical factors
on one hand, but on the other hand they should
also be applicable within administrative [8,9,10].

According to Burkhard [3], the potential of
ecosystem services is defined as a hypothetically
maximum possible fulfilment of ecosystem
services. The potential of ecosystem services is
comparable to natural capital stock and ensures
the current and future flow of ecosystem services
[11]. In agroecosystems, current flows may be
higher than potential due to the anthropogenic
subsidization of agroecosystems in the form of
nutrients and irrigation. Agroecosystems of
arable soils are in the assessment of ecosystems
according to the Corine Land Cover
classification, which is also used for assessing
ecosystems within Europe, categorized as
having a high potential for supply services and
low potential of regulating and cultural services,
regardless of their location and potential for soil
fertility [12]. The agroecosystem based on soil is

multifunctional in all conditions, both in terms of
its processes and functions and services [13].
Experts also often discuss whether ecosystem
services only provide natural and semi-natural
ecosystems or artificial [14]. The agroecosystem
services are the only issue to be discussed.
Agroecosystems, such as arable soils, are
mostly biotopes for only a few plant and animal
species and are very poor in biodiversity
because of the targeted cultivation of
monocultures. On the other hand, arable land
has better infiltration capacity, which significantly
contributes to the fulflment of regulatory
services. Services provided by agroecosystems
may vary considerably depending on soil quality,
localization and soil management. Improper
land management can lead to land
degradation and a significant reduction in the
productive and service functions [15].

In ecosystems of the agricultural land, regulation
of water regime (water storage), control of soil
erosion (erosion control), climate regulation (C
reserves in the soil) and filtration of pollutants are
main regulation services [16]. The presence or
absence of water in the country significantly
affects provisioning services, other regulating
services as well as support processes and
biodiversity [17,18]. Water that is not adequately
controlled by the ecosystem represents a much
higher risk of fluctuations, which can lead to
flooding or water scarcity [19]. According to the
Burkhard [19], the flow of water through the
landscape can be influenced by the following
natural processes that all of which contribute to
the storage of water and thus to the reduction of
the surface runoff: vegetation capture, surface
water storage, infiltration and retention in the soil
and penetration into groundwater stores in
context with the slope of the landscape. In
addition to these processes the availability of
water in agroecosystems depends on its
accumulation in the soil [20], as well as on the
degree of permeability of the soil. The retention
capacity of the soil belongs to the main
parameters that influence the capacity of the
ecosystem to provide water regulation as
a service. The soil's capacity to accumulate
water depends on soil parameters (soil texture,
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soil mineralogical composition, soil quality and
composition, soil compaction or bulk density, soil
structure, content and quality of soil organic
matter and the environment properties [21]. It
depends strongly also on the depth of soil —
amount of soil material and the kind and
arrangement of soil horizons. Total amount of
potentially stored water in agricultural soils of
Slovakia is in range 2,27 - 4,89 mld. m® water,
thus soil can be considered as thirs water
resource where oceans and sees are the first
and rivers and lakes the second resource
[22,23].

The aim of this study was to assess and map the
retention capacity of the soil in agroecosystem as
the capacity of the ecosystem to provide water
regulation as a service on national level in Slovak
Republic as well as to describe the use of GIS
techniques in creating an uniform spatial units for
agroecosystem services inventory, too. To
identify the risk areas, we evaluated the potential
of water regulation in relation to factor R, which
represents the risk of torrential rain.

2. MATERIALS AND METHODS

2.1 Potential of Water Regime Regulation
of Agroecosystem

Potential of water regime regulation (soil water
storage) was obtained from maps and databases
[21]. Its values are given in mm and are
determined on the basis of the value of retention
water capacity recalculated to soil water storage
in context with the soil depth (depth 0 — 100 cm).
Values were categorised into five groups and the
categories are as follows: 1 — very low potential
(<135 mm), 2 — low potential (135-175 mm), 3 —
medium potential (176-215 mm), 4 - high
potential (216-275 mm), 5 — very high potential
(>275 mm).

2.2 Rain Erodibility Index

An erosive effect of torrential rain - factor R (rain
erodibility index - EI index). According to
Wischmeier and Smith (1978), this factor is the
product of the total kinetic energy of rain and its
maximum 30-minute intensity. The map of the
erosion impact of the rain was created on
National Agricultural and Food Centre/ Soil
Science and Conservation Research Institute
using the tools of Geographic Information
system. The following bases were used to derive
the R factor: An altitude layer was derived from
the digital elevation model of the Slovak Republic

with a resolution of 20x20 m, the layer of the
climatic areas of SR and the average
precipitation sums in the Slovak Republic in the
vector data format, created from cartographic
data from the Landscape Atlas of Slovak
Republic [24,25] and ombrographic stations of
Slovak Republik layer (86 stations) with data of R
factor calculated by [26].

Values were categorised into five groups and the
categories are as follows: 1 - very high, 2 — high,
3 —medium, 4 — low, 5 — very low.
http://www.podnemapy.sk/portal/verejnost/erozia/
r_faktor/r_faktor.aspx)

2.3 Assessment of Risk Areas of
Agroecosystem Degradation

Assessment of risk areas of agroecosystem
degradation was determined as a sum of the
potential of water regime regulation (very low
potential — 1 point, low potential — 2 points,
medium potential — 3 points, high potential — 4
points, very high potential - 5 points) and rain
erodibility index (very low potential — 5 point, low
potential — 4 points, medium potential — 3 points,
high potential — 2 points, very high potential - 1
points) transformed into a point rating as follows:
very high degradation risk — less than 3 point,
high degradation risk — from 3 to 4 points,
medium degradation risk — from 5 to 6 points, low
degradation risk — from 7 to 8 points, very low
degradation risk — more than 8 points. The high
degradation risk was evaluated by the low point
value.

2.4 Study Area

Slovakia is a land-locked country in Central
Europe between latitudes 47° and 49°N and
longitudes 15°-21°E. Its terrain is mostly hilly,
upland and mountainous in the central, north and
north-eastern parts of the country where the
permanent grasslands mainly occur. According
to the LPIS system, in Slovakia in 2016 there
were 1411 294 ha of arable land and 858 601
ha of grasslands. The LPIS is one of the five
components of the Integrated Administration and
Control System (IACS) and is a necessary
prerequisite for subsidies in the EU agricultural
sector.

2.5 Mapping Units
The cartographic basis for agroecosystem

evaluation and mapping units was the LPIS
(Land Parcel Identification System) layer
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(https://podnemapy.vupop.sk). For spatial
quantifying of regulating agroecosystem services
of used agricultural land in Slovakia, we have
created a mapping unit combining four input

layers: climatic region (four categories-
moderately cold, moderately warm, warm and
very warm [27], slope topography (four

categories 0-2°, 2.1°-5°5.1°-12°, more than 12°),
soil texture (three categories) and land use
(arable land, grassland and other cultures
(orchards, vineyards, hops fields)). The layer for
evaluating and mapping agroecosystem services
is the result of a combination of all four layers,
creating 100 functional aggregate units. Each
mapping unit was designed so that it represented
one cell of 100 m resolution regular grid. Layer
spatial aggregate function unit is also compatible
with the spatial units in international use
database (Corine Land Cover) as carries
information on the use of land. Within each unit
created space, we calculated a weighted
average of the water regulation potential.
Software package of the geographic information
system ArcGIS® was used for processing the
input geo-referenced digital data and the
resulting maps. The SYSTAT 13 program and
Spearmann correlation analysis were used for
statistical evaluations.

3. RESULTS AND DISCUSSION

The water regulation potential was evaluated in 5
categories based on the value of retention water
capacity converted to the water content in the
soil in mm in context with the depth of the soil.
Because the provision of ecosystem services
depends on biophysical conditions, land use and
climatic changes [28], the supply and demand of
water regulation may differ geographically, as
shown in Fig. 1.

These factors are involved in the formation of soil
cover which absorbes the majority of
atmospheric precipitation within ecosystems and
makes it available to plants. The rate of water
accumulation depends on soil type, which
characterizes the spatial variability of soil texture
and soil organic matter horizontally in the
landscape as well as vertically the depth of soil
profile which is created from soil horizons
(determined by their thickness, quality and
layout. With increasing depth, usually humus
content decreases, stoniness increases and clay
content changes are present. Soil retention is
adversely affected by higher content on the
skeleton in soil [29,30,21,31,23]. Rawls et al.
[32] found a rise in water retention in the soil of
the USA with soil organic carbon growth, which
increased mainly in sandy soils. In Slovakia
27.47% of the area of agricultural ecosystems
has very high potential of water regime regulation
(accumulation of water in the soil) (Table 1).
They are mostly ecosystems of arable land
(Table 1) located in Eastern Slovak Lowland,
Danubian Upland, South-Slovak Basin and
KoSice Basin with heavy clay loam and clayey
deep soils without stonyness, which are
developed on clay sediments of former seas and
lakes, as well as rivers situated in the foothill
parts of lowlands and in basins [33]. The high
values of water retention in the soil report in their
work Bujnovsky et al. [21] for clay soil in the East
Slovak lowlands. According Matti and Kotorova
[31], the retention capacity of water in the deep
soils of the East Slovak lowlands amounts to 286
- 420 m’ha'. In arable land ecosystems,
particularly in high and very high potential
categories, water retention is mainly due to a
higher proportion of clay fraction or soil
organic matter content.  Agroecosystems
regulatory capacity

of arable soils have a

Potencidl akumulicie vody
hategoria

Fig. 1. Potential of water regulation in Slovak republic
1 — very low potential, 2 — low potential, 3 — medium potential, 4 — high potential, 5 — very high potential
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influenced by melioration and modified water
flows, which results in accelerated water
drainage, as well as inadequate groundwater
formation. Semi-natural grasslands also reduce
drainage extremes by ensuring a gradual
infiltration of water and adequate groundwater
replenishment [34,35]. Ecosystems with high
potential of water regime regulation (Fig. 1) have
the highest proportion (35.96%) of the total area
of agricultural land. Ecosystems with very low
and low potential for water storage occupy
32.04% and these are predominantly grasslands
of submountain and mountain areas on the edge
of the agricultural landscape with moderately
cold to moderately warm climate and
considerable inclinations. They are located on
shallow to deep soils from slightly to medium
content of soil skeleton and higher content of
sand.

The greatest influence on water storage potential
has climate, but the impact of soil texture is also
significant (Table 2) in both ecosystems. Warm,
dry and lowland region has a higher potential of
water regime regulation in comparison to
moderately warm and cold regions.

Transparency and explicit evaluation and
assessment of ecosystem services and their
benefits are important inthe processes of
democratic decision-making [6]. Concept of
agroecosystem service combines environmental
and socio-economic approach to the analysis
and evaluation of natural capital. Multi-criteria
approach to spatial quantification of ecosystem
services related to socio-economic indicators
which are districts as statistics territorial units
(Local administrative units according
EUROSTAT - LAU, [36]), allows explicitly assess
potential of ecosystems of agricultural land to
provide agroecosystem services and adapt the
land management under the local conditions. Fig.
2 shows the assessment of potential of
agroecosystem services in regions and districts
of Slovakia.

In Bratislava region, more than 70% of
agricultural land use has a high potential for
regulating the water regime in most districts. In
the Nitra region, the category of high potential of
regulation of the water regime ranges from
40.30% to 90.86% in individual districts, with
three districts slightly dominating a category of
very high potential. In the Trencin region, the five
regions have a high share of the low to very low
potential of water regime regulation and four
districts of high to very high potential. In Trnava,
most agroecosystems are in the high-end
category of the very high potential of regulation
of the water regime, where the percentages of
ecosystems of agricultural land with high
potential in districts (except two) range from
69.58% to 92.82%. In the Banské Bystrica region
there is a high representation in six southern
districts and in the remaining seven districts of
category very low to low potential. In Zilina
region, most districts have a high share of the
low to very low potential for water regime
egulation, without representation of category of
very high potential. Most of the districts of KoSice
region have a very high potential for regulating
the water regime with a share of 49.65% to
91.89%. In the PreSov region, most of the
districts have a high representation of the low
category. even the very low potential of
regulation of the water regime, with the exception
of Vranov nad Toplou district, which has more
than a third of the area of agricultural land in the
category of very high potential.

Integrated, dynamic, non-linear system linking
natural systems with production capital, human
capital and social or cultural capital is
required for the purpose of assessing
economic indicators, total progress and well-
being [6].

Assessment of risk areas of agroecosystem
degradation determined as a combination of the
potential of water regime regulation and rain
erodibility index shows [26,37] the Fig. 3.

Table 1. Potential of water regulation in Slovak Republic in % of total area of agricultural land

Potential In % of total area of agricultural land
Agricultural land Arable land Grass land

Very low 10.83 0.56 10.28

Low 21.21 11.58 9.76

Medium 4.53 2.89 1.50

High 35.96 33.25 2.72

Very high 27.47 26.47 1.00
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Table 2. Spearmann correlation coefficients

Correlation coefficients Agricultural land Arable land Grassland
Climatic region -0.54*** -0.59*** -0.53***
Slope -0.35** -0.34** -0.42**
Soil texture 0.36** 0.46*** 0.27
Height above sea level -0.22 -0.28 -0.10

Significance labels: *** P <0.001,** P <0.01,* P <0.05, P >0.05

Fig. 2. Average values of water regime regulation potential in individual regions of the Slovak
republic
1— very low potential, 2 — low potential, 3 — medium potential, 4 — high potential, 5 — very high potential

Risk areas of agroecosysiem degradation
Categories

1 2 3 4 B

Fig. 3. Assessment of risk areas of agroecosystem degradation (risk of soil erosion)
1 — very high risk, 2 — high risk, 3 — medium risk, 4 — low risk, 5 — very low risk

In Slovakia 18.20% of the area of agricultural
ecosystems has from very high to high risk of
agroecosystem degradation (Table 3). Lower risk
of grassland is in line with the results of several
authors [38,39,40].

Table 3. Risk areas of agroecosystem
degradation in Slovak Republic in % of total
area of agricultural land

Degradation risk Agricultural land

very low 0.40

low 17.80
medium 18.34
high 45.64
very high 17.82

Water courses of soils are also affected by
longer periods of drought, alternated by floods.
The combination of water accumulation potential
layer in the soil with the erosive effect of
torrential rain, which allows the identification and
mapping the risk of agricultural land degradation
in terms of its endangerment of production
properties, frequent occurrences of erosion
events, local floods, marsh floods. The food
security of Slovakia envisages the supply of a
certain amount of agricultural production.

4. CONCLUSION

Agroecosystems can provide a range of
regulating services to human communities, in
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addition to provisioning services. Evaluation of
agroecosystem services brings new knowledge,
targeted information and spatial quantification of
services of agroecosystems as well. The variety
of agricultural systems results in a highly variable
quantity of water regulation ecosystem services.
In Slovakia more than 50% of the area of arable
ecosystems has high and very high potential of
water regime regulation. The greatest influence
on water storage potential has climate. In
maximizing the value of ecosystem services
appropriate management of key processes may
improve the ability of agroecosystems to provide
a broad range of ecosystem services [20]. The
high potential of water regime regulation is linked
to the high potential of provisioning services. The
management of agroecosystems can influence
the regulation of the water regime by the
appropriate soil bulk density of soil surface layer,
and the depth of the previous layer that
influences the rate and amount of infiltrated
water [41] is also important. In agroecosystem,
vegetation is predominantly involved in regulating
soil retention, regulating erosion. In arable
ecosystems, the risk of degradation increases
leaving arable land in the winter without
vegetation cover, the use of arable soils on
slopes with a higher slope and the elimination of
boundaries, draws and hedges. In Europe, water
erosion affects approximately 115 million
hectares of land. Knowing the water regulation in
context with erosive threat to agricultural land is
a limiting factor for optimizing the use of
agricultural land in terms of its sustainability and
for the proper arrangement of agricultural land.
With the optimization of the use of the landscape
we meet in the present practice mainly in the
sphere of spatial planning such as the plans of
territorial plans of various settlement units, land
consolidation projects, territorial systems of
ecological stability and others. For practical use
as well as legislative use of the concept of
agroecosystem services in planning and
prospective studies, qualitative and quantitative
analysis and evaluation of agroecosystem linked
to spatial visualization at the required level are
essential. Incorporation of agroecosystem
services assessment into decision-making
frameworks of management can protect them
and is an important step towards the sustainable
use of agroecosystems. The knowledge the
distributing the risk area of soil degradation in the
country can greatly help in the planned
management of farmland used. The layer of
agroecosystems degradation risks can serve as
a basis for determining the necessary conditions
for sustainability of the soil production potential

by formulating its good management and
creating conditions for long-term sustainability.
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