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The potential of regulating ecosystem service - filtering potential for
inorganic pollutants — supplied by soils of Slovakia
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Abstract

The concept of agroecosystem services combines environmental and socio-economic approaches to the analysis
and evaluation of natural capital. A multi-criteria approach to spatial quantification of ecosystem services al-
lows explicit assessment of the potential of agroecosystems to provide agroecosystem services and to adapt the
land management under regional conditions. For the spatial quantifying of agroecosystem services potential
of agricultural land in Slovakia, we have created a mapping unit by combining four input layers (climatic
region, slope topography, soil texture and land use). In ecosystems of agricultural land, regulation of water
regime, control of soil erosion, climate regulation and soil filtration are the main regulating services. Filtering
potential was calculated as accumulative function of soil sorption potential and potential of total content of
inorganic pollutants evaluated according to The Slovak Soil Law. Calculated potential was categorised into
five categories (very low, low, medium, high and very high). The distribution of the filtering potential using
spatial mapping units show that in Slovakia more than 41 per cent of agroecosystems have very high filtering
potential (for inorganic pollutants), mostly in the Bratislava, Nitra and Trnava regions. Ecosystems with low
potential (more than 41 per cent of agricultural land) are predominantly located on Fluvisols (along Vah, Hron
and Bodrog rivers) with a higher content of risk elements in alluvial sediments (caused by anthropogenic depo-
sition). The mountain soils on grassland are also strongly involved in very low category of filtering potential,
predominantly in the Banska Bystrica, Zilina and PreSov regions. The greatest differences among regions was
found in relation to climatic conditions, land use and the diversity of soil types.
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Introduction

Ecosystem services are the benefits that natu-
ral capital provides to society. Ecosystem ser-
vices represent an interaction between ecologi-
cal and social systems as only those ecosystem
processes that contribute to the fulfilment of
human needs are defined as ecosystem ser-
vices (BircHOFER, K. et al. 2015). According
to Costanza, R. et al. (2017) the connections
between ecosystem processes, functions and

benefits to humankind are non-linear and
dynamic. Dominari, E.J. et al. (2010) divided
ecosystem services linked to natural capital
into three main categories (provisioning, regu-
lating and cultural). The concept of ecosystem
services represents a bridge between ecologi-
cal and economical approaches and helps to
create a transdisciplinary ecological economy
(Haines-Young, R. et al. 2012). This concept
brings a new comprehensive view on the issue
of effective use of natural goods not only from
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the point of view of production but addition-
ally from the point of view of all services pro-
vided by ecosystems. The concept of ecosys-
tem services can be included in land use plan-
ning and decision support tools (BurGHARD, B.
and Maegs, J. 2017; Spakg, R. et al. 2017).

Agricultural systems are intensely man-
aged, controlled and regulated by humans
(DominaTi, EJ. et al. 2010). We consider the
agroecosystem not only as a means of pro-
duction but also as a part of the natural envi-
ronment, where the pedosphere is multifunc-
tional in terms of its processes, functions and
services (MEA 2005; BURGHARD, B. et al. 2014;
Covig, C. et al. 2016). Agroecosystems, such
as arable land and grassland, are mostly bio-
topes for only a few plant and animal species
and are very poor in terms of biodiversity
because of the targeted cultivation of mono-
cultures. On the other hand, agricultural land
significantly contributes to the fulfilment of
regulating services (potential of water regime
regulation filtration potential). RopricuEz,
J.P. et al. (2006) noticed that when regulating
services are providing they are more likely
to be taken for granted and therefore less
attention is paid to their evaluation in agro-
ecosystems. According to BURGHARD, B. et al.
(2014) we consider ecosystem services poten-
tial (capacity) as the hypothetical maximum
yield of ecosystem services.

Regulating services are benefits created
by the self-sustaining capabilities of ecosys-
tems, the regulation of ecosystem processes.
All these services are not directly consumed
by man as goods, but regulating services do
bring many direct benefits by keeping safe
and habitable environments, supporting
food production systems or processing and
removing waste and pollution (BurGHARD, B.
and Mags, J. 2017). In ecosystems of the ag-
ricultural land, regulation of water regime,
control of soil erosion, climate regulation
and soil filtration of pollutants are the main
regulating services (Dominari, E.J. 2013). The
filtering capacity of soil refers to its ability to
retain nutrients and contaminants bonding
them with varying intensity (from weak to
strong) to organic or mineral soil constituents,

and thereby preventing their release into water
passing through the soil profile (BurcHARD, B.
and Maegs, J. 2017). Inappropriate land man-
agement can lead to land degradation and thus
can reduce the provision of agroecosystem ser-
vices (DENDONCKER, N. et al. 2018). However, in
the present widespread scenario of multiple
problems including land degradation and land
pollution, there is a need to address regulating
services, including soil filtration, in an objec-
tive manner.

Techniques that are often used to evaluate
and map ecosystem services are expert-based
estimations, expert-scoring, through land use
classes and land use cover (BURKHARD, B. et al.
2009) or participatory GIS mapping (MAEs, J.
et al. 2018). The concept of natural capital and
agroecosystem services are widely accepted
and their potential contribution to better envi-
ronmental management is also acknowledged
(MEA 2005). However, their practical applica-
tions such as distribution and mapping are
still insufficient and limited. Biophysical indi-
cators (soil quality indicators) as well as locali-
zation and changes over space and time due
to human induced land cover and land use are
used by many authors to evaluate ecosystem
services (DominaTi, E.J. et al. 2010; ArLam, M.
et al. 2016). The quantification and mapping
of ecosystem services distribution is also con-
sidered one of the main requirements for the
implementation of the concept of ecosystem
services into institutional decision-making.

The aim of this study was to evaluate and
map regulating agroecosystem service (fil-
tration potential for inorganic pollutants) in
regions and districts of Slovak Republic.

Material and method

Filtering potential for soil pollutants depends
on actual soil contamination and the poten-
tial of soil sorbents that are sensitive to the
sorption of risk elements. Higher amounts
of potential risk elements in the soils takes
up the potential sorbent places and conse-
quently reduces the overall soil potential for
the sorption of the risk elements.
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Filtering potential was calculated as accu-
mulative function:

FP=SP +K, 1)

where FP = filtering potential; SP = sorption
potential of soil, K= potential of total content
of inorganic contaminants evaluated accord-
ing to The Slovak Law 220/2004 Z.

The evaluation of sorption potential of
soil (SP) was calculated as a sum of quality
factors (pH, Q,°) and quantity factors (Cox,
H-depth of humus horizon) according to
function:

SP =F(pH) + F(Q,% + F(Cox) - F(H) (2)

Values were categorised into five catego-
ries as follows: 1 — very low relevant capacity
(more than 6.50 points), category 2 —low rel-
evant capacity (5.51-6.50 points), category 3 —
medium relevant capacity (4.51-5.50 points),
category 4 — high relevant capacity (3.50—4.50
points), category 5 — very high relevant ca-
pacity (lower than 3.50 points). The method
is described in detail in our previous article
MaxkovNikova4, J. et al. (2007).

Mapping units

ForouzanGoHAR, M. et al. (2014) concluded
that one of the best sampling and mapping
strategies would be a regular grid scheme.
For spatial quantification of regulating agro-
ecosystem services of agricultural land in
Slovakia, we have created a mapping unit
by combining four input layers:

1. Climatic region (categories: moderate-
ly cold, moderately warm, warm and very
warm);

2. Slope topography (categories: 0.0°-2.0°,
2.1°-5.0°, 5.1°-12.0°, and over 12.0°);

3. Soil texture (categories: soil particles < 0,01
mm less than 20%, 20-45%, and over 45%);

4. Land use (arable land, grassland and
other cultures like sets, vineyards, hops).

Each mapping unit represents one cell of
100 m resolution in regular grid derived from

EEA reference grid. Mapping units are com-
patible with the spatial units in international
database (Corine Land Cover). We calculated
a weighted average of the filtration potential
for each mapping unit. Software package of
the geographic information system ArcGIS®
was used for processing the input geo-refer-
enced digital data and the resulting maps.

For each region and district we calculated a
weighted average of individual categories (of
all grids that belong to a particular region or
district) of filtering potential. The weighted
average, in contrast to the average, takes into
account the spatial distribution (area repre-
sentation) of each category. Software pack-
age of the geographic information system
ArcGIS® was used for processing the input
geo-referenced digital data and the result-
ing maps. Moreover, the methodology de-
veloped in this paper is replicable and can
be applied by planners if they are proficient
in geographic information systems.

Data sources

Available data sources for the categorization
and mapping consisted of primary (spatial
information on the soil bodies) and second-
ary (data of relevant soil properties) geo-refer-
enced data. Data from the Geochemical Atlas
of Soils of Slovakia, data from the Digital Soil
Map of Slovakia and data of Soil Monitoring
of Slovakia were used to evaluate the potential
of total content of inorganic contaminants in
soil and sorption potential of soil. The basis for
generating mapping units were a classification
of agro-climatic regions provided by the Infor-
mation Service of the National Agricultural
and Food Centre/Soil Science and Conserva-
tion Research Institute (NAFC-SSCRI, 2015),
Land Parcel Identification System (LPIS) and
Digital Soil Map of Slovakia.

Results and discussion

A multi-criteria approach to the spatial quanti-
fication of ecosystem services related to socio-
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economic indicators allows the explicit assess-
ment of the potential of ecosystems of agricul-
tural land to provide agroecosystem services.
The proposed mapping system connects eco-
system service with landscape coverage. This
is one of the conditions for using this model
to monitor changes in land use management,
spatial planning, and implementation of the
assessment of the potential of natural capital
services in socio-economic planning within the
region and landscape. The distribution of the
filtering potential using spatial mapping units
is shown in Figure 1. In Slovakia 41.67 per cent
of agroecosystems have very high filtering po-
tential for inorganic pollutants.

Very high filtering potential is typical for
ecosystems of arable land developed on loess
located in the Danube and the Eastern Slovak
Lowland without any anthropogenic and ge-
ochemical deposition. According to GREINER,
L. et al. (2017) soil properties and soil func-
tions are critical to ensure the provision of
ecosystem services. These ecosystems located
on Chernozems and Cutanic Luvisols, on
soils characterized by high carbonate content
with a neutral or slightly alkaline pH value
(Kosza, J. et al. 2014) and with high organic
matter content, have the highest filtering
potential. In Slovakia ecosystems of arable

land of low filtering potential (41.12% of the
area) are predominantly located on Fluvisols
(along Vah, Hron and Bodrog rivers). The
low filtering potential of these ecosystems is
due by a higher content of risk elements in al-
luvial sediments (anthropogenic deposition)
in combination with the low potential of soil
sorbents (MakovNIkov4, J. 2001; Donisa, C.
et al. 2003; Boruvka, L. and Drasek, O. 2004;
MAKOVNIKOVA, J. et al. 2007, MAKOVNIKOVA, J.
and Baranc¢ikova, G. 2009).

The mountain soils on grassland (Podzols,
Dystric Cambisols located south-west and
east of Banskd Bystrica, east of Spisska Nova
Ves, and in the mountain regions of Western
Carpathians) are also strongly involved in the
very low category of filtering potential. These
soils are developed on substrates with higher
content of risk elements due predominantly
to parent material (geochemical anomalies)
(Cureik, J. 2011). Permanent grasslands are
mostly at higher altitudes as well as on high-
er slopes, on soils with low sorption potential
developed on substrates with higher content
of risk elements (MAKOVNIKOVA, J. et al. 2007;
Kosza, J. et al. 2014). Most of the ecosystems
of agricultural land with high potential for
provisioning services belong to a category
with very high or high filtering potential.

e OPresov.
-~ G e
/ R ¢ A s N\

{ [& t g

OKosice

Filtering potential
Categories

1, very low

2, low

3, medium

4, high

5, very high

Fig. 1. The filtering potential of agroecosystems in Slovakia (edited by Makovnikov4, J. and PALka, B.)
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This proposed mapping system was used to
assess agroecosystem service, filtering poten-
tial, in the regions of the Slovak Republic. There
are currently eight regions of Slovakia and they
correspond to the EU’s NUTS 3 level of local
administrative units. Each region consists of
districts (there are currently 79 districts).

The distribution of the filtering potential
using spatial mapping units in regions of
Slovakia is illustrated in Figure 2. The varia-
bility within individual categories (minimum
and maximum value) is shown in Table 1.

The distribution of the filtering potential
using spatial mapping units in districts of
Slovakia is illustrated in Figure 3.

In the Bratislava region more than 90 per
cent of the total area of used agricultural land
belongs to the category with a very high fil-
tering potential for inorganic soil pollutants
(see Figure 2 and 3). Only a small share of
categories of high and moderate potential of
this service can be found in this region.

In each district of the Nitra region, the cat-
egory of very high filtering potential of soil
pollutants varies from 71.40 per cent to 99.32
per cent (see Table 1) and category of high po-
tential varies from 0.68 per cent to 21.69 per
cent of the total area of used agricultural land.
Only in three districts (Levice, Topol¢any and
Nové Zamky districts) was determined a low

ZILINAREGION

TRENCIN REGION

TRNAVA REGION

BRATISLAVA
REGION

NITRA REGION

BANSKA BYSTRICA REGION

KOSICE REGION

Filtering potential
Categories

1, very low

2, low

3, medium

4, high

5, very high

Fig. 2. The filtering potential for inorganic soil pollutants in regions of Slovakia (edited by MakovNikova, J.
and PALka, B.)

Table 1. The variability (minimum-maximum) of filtering potential in regions

Region/NUTs3 Category of filtering potential %n % of used agI"icultural land :

Very low Low Medium High Very high
Bratislava/SK010 0.00-0.08 0.00-1.15 0.02-0.15 0.29-5.53 94.45-99.71
Nitra/SK023 0.00-0.00 0.48-6.31 0.00-0.60 0.68-21.69 71.40-99.32
Trencin/SK022 0.01-1.30 1.61-93.29 0.16-6.69 0.00-29.46 3.05-68.77
Trnava/SK023 0.00-0.00 0.00-10.94 0.00-0.83 0.18-21.76 73.04-98.87
Banska Bystrica/SK032 |  0.00-30.22 37.54-96.79 2.21-53.35 4.24-22.07 7.54-29.53
Zilina/SK031 0.104.71 69.54-93.07 6.14-29.18 0.00-0.00 0.00-0.00
Presov/SK041 0.08-3.09 82.03-95.93 2.58-17.42 0.00-0.00 0.00-0.00
Kosice/SK042 0.00-2.56 12.32-94.56 4.46-87.68 0.00-0.00 0.00-0.00
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Fig. 3. The filtering potential for inorganic soil pollutants in districts of Slovakia (edited by MaxkovNikova4, J.
and PALka, B.)

category of filtering potential (from 0.48% to
6.31% of used agricultural land).

In the Trencin region there is high variability
among districts of this regulating service. In
two districts (Myjava district and Povazska
Bystrica district) categories of low filtering
potential are present in more than 80 per cent
of the total area of used agricultural land. The
share of the category of very high filtering
potential ranges from 3.05 per cent (Myjava
district) to 68.77 per cent (Partizanske district)
of the total area of used agricultural land.

In the Trnava region share of the category
of very high filtering potential ranges from
73.04 per cent (Senica district) to 98.87 per
cent (Dunajska Streda district) and the cat-
egory of high potential varies from 0.18 per
cent (Dunajska Streda district) to 21.76 per
cent (Skalica district) of the total area of used
agricultural land. There is a small share of
categories of low and moderate potential of
this regulating service in four districts.

In the Banskd Bystrica region there is a high
category of low filtering potential for soil pol-
lutants, in 3 districts (Banska Bystrica, Banska
Stiavnica and Zvolen district) it is over 80 per
cent and in eight districts more than 50 per
cent of total area of used agricultural land.

High and very high potential for this regulat-
ing service is found in two southern districts
(Krupina and Zarnovica district).

A majority of the districts of the Zilina re-
gion have a high proportion of categories of
moderate and low potential for soil filtration.
A significant percentage of the category of
low filtering potential (lower than 90%) is re-
ported in seven districts from 13 districts in
this region. Categories of high and very high
potential are not represented in this region.

In the Presov region the majority of districts
have a high percentage area in the category
of low filtering potential (ranges from 82.03%
t0 95.93%). There is an absence of the catego-
ries of very high and high potential for this
regulating service in this region.

In the Kosice region a significant percent-
age of the category of low filtering potential
(more than 80%) is reported in three districts
(Gelnica, Sobrance and Spisska Nova Ves dis-
trict). The share of the category of medium fil-
tering potential for soil pollutants ranges from
4.46 per cent (Gelnica district) to 87.68 per cent
(Kosice IIT district) of the total area of used
agricultural land. Similar to Presov and Zilina
regions, categories of high and very high po-
tential are not represented in this region.
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Because the provision of ecosystem service
depends on biophysical, land use and climate
(MaxkovNIKOVA, J. et al. 2007; BURGHARD, B.
et al. 2014), the distribution of this service is
geographically different. The greatest differ-
ences among regions was found in relation to
climatic conditions, land use type and diversity
of soil types. According to FrELicHOVA, ]. and
FanTa, J. (2015), the climate has an important
impact on the distribution of agro-ecosystem
services. In Slovakia there are very low and
low categories of filtering potential character-
istic of areas with a cold to moderately warm
climate, higher slopes and a higher percentage
of clay particles in soil texture. Very warm cli-
matic region, low slopes and medium content
of clay fraction are predominantly in areas
with high and very high filtering potential. The
climate and the substrate are among the major
factors influencing the soil genesis. Climate
also affects the management and land use.
Land use types can have positive or negative
impacts on the pedosphere multi-functionality
in terms of its processes, functions and services
(Dominati, E.J. et al. 2014). Intensive agricul-
tural practices typically reduce soil organic
matter content and negatively impact soil bio-
diversity, which are recognized as major driv-
ers of the soil ecosystem process. The using of
low quality inorganic fertilizers can increase
anthropogenic soil load which negatively influ-
ence filtering potential (MakovNIKoV4, J. 2001).

Conclusions

In this study, the first assessment of one of the
regulating agroecosystem services, soil filtra-
tion using spatial mapping units is applied.
The evaluation of agroecosystem service
linked to spatial visualization was used the as-
sess the filtering potential in the regions of the
Slovak Republic (using NUTS classification of
regions of European Union countries NUTs 3).
We conclude that this assessment and map-
ping allows us to link the analysis of natural
capital, land use and filtering potential (one of
the regulating agroecosystem services) in the
regions and districts of the Slovak Republic.

The spatial mapping of ecosystem service is
useful for providing guidelines and limits for
policy development on land management and
land use changes at local and regional levels.

In Slovakia very high filtering potential (for
inorganic pollutants) is present in more than
41 per cent of agroecosystems, mostly in the
Bratislava, Nitra and Trnava regions. On the
other hand, more than 41 per cent of the total
agricultural land belong to the category with
low filtering potential. Ecosystems with very
low filtering potential (1.13% of the total agri-
cultural land) are located at higher altitudes,
steeper slopes, on soils with lower sorption
potential as well as soils developed on substra-
tes with higher content of risk elements, pre-
dominantly mountain soils. The greatest diffe-
rences among regions ca be found in relation
to climatic conditions, land use and diversity
of soil types. The direct effect on filtering po-
tential also has a degree of soil load due to
anthropogenic or geochemical contamination.

Itis important to note that agroecosystems are
not able to provide ecosystem services without
any intervention by humans (human and social
capital). Inappropriate land management prac-
tices are negatively related to ecosystem condi-
tion and will result in ecosystem degradation
that reduces the agroecosystem services provi-
ded (DEnpONCKER, N.F. et al. 2018). Appropriate
land management can act to improve the ca-
pacity of natural capital to generate ecosystem
services. However, increasing of primary and
secondary production of agroecosystems must
be managed with regard to the sustainability of
the soil multi-functionality and the sustainabili-
ty of potential of agroecosystem to provide eco-
system services in their integrity. The mapping
of ecosystem services and their integration into
regional decision making and the optimization
of ecosystem services potential can contribute
to the sustainable use of ecosystems.
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