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Introduction

The concept of ecosystem services has become 
an important tool for modelling interactions 
between ecosystems and their external envi-
ronment in terms of global bioclimatic chang-
es. The provision of ecosystem services de-
pends on biophysical conditions and changes 
over space and time due to human induced 
land cover and land use. Ecosystem services 
linked to natural capital can be divided into 
three services categories (provisioning, regu-
lating and cultural) adding ecosystem func-
tions (structures and processes relevant for 
ecosystem self-organisation, biodiversity, soil 

macro-organisms, micro-organisms) (Domi-
nati, E. et al. 2010; Burghard, B. et al. 2014). 
Nevertheless, few studies on ecosystem ser-
vices are conducted in agroecosystems (Feld, 
C.K. et al. 2009; Vihervaara, P. et al. 2010). 
Agroecosystems are managed to fulfil basic 
human needs, such as food and raw materials 
(Zhang, W. et al. 2007).

According to several authors (Daily, G.C. 
1997; Power, A.G. 2010) agroecosystems can 
provide a range of other regulating and cul-
tural services to human communities, in ad-
dition to provisioning services and services 
in support of provisioning. Traditionally, 
agroecosystems have been considered pri-
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marily as sources of provisioning services, 
but more recently their contributions to other 
types of ecosystem services have been recog-
nized (MEA 2005). 

A number of recent studies have mapped 
the supply of services at global (Naidoo, R. 
et al. 2008), continental (Schulp, C.E.J. et al. 
2012), national (Bateman, I.J. et al. 2011) or 
regional scales. The most common indica-
tors for modelling ecosystem services are 
land use cover, soils, vegetation and nutrient 
related indicators. However, provisioning 
services are mapped more frequently than 
regulating and cultural service (Crossman, 
N.D. et al. 2013). 

The work presented in this paper aims at 
the ecosystem service potential supplied by 
agroecosystem in relation to land use. 

Material and methods

Seven agricultural study areas, each of them 
with two different land use categories (arable 
land and grasslands) located in various natu-
ral conditions of Slovakia, were evaluated. 
The study sites suitable for the agroecosystem 
service analysis were selected on the basis of 
the following criteria: 1) non polluted area, 2) 
polluted area (with inorganic contamination), 
3) low productive area, 4) land threatened by 
erosion, 5) medium productive land, 6) aban-
doned land, 7) productive land (Table 1). 

The basis for analysing the potential for 
the provisioning agroecosystem services was 
a point value (BH) of productive potential 
based on typological and production clas-
sification of agricultural soil of Slovakia:

BH = (HPJ + SE + KH + Z) x T,

where HPJ = point value of the main soil unit, 
SE = inclination score and exposure score, KH 
= score of skeleton and soil depth, Z = tex-
ture score, T = coefficient for climatic regions. 
The BH value is a basis for the rationalization 
and environmental exploitation of natural 
resources of a particular territorial unit and 
its value in Slovakia ranges from 0 to 100.

Regulating services, soil filtration po-
tential (FP) – or immobilisation potential –  
(5 categories) was calculated as accumulative 
function:

FP = SP + K,

where SP = sorption potential of soil, K = po-
tential of total content of inorganic contami-
nants evaluated according to the Slovak Law 
220/2004 Z. z. (Makovníková, J. et al. 2007). 

Point evaluation of sorption potential of 
soil (SP) was calculated as a sum of two dif-
ferent factors:

SP = F(pH) + F(Q46) + F(Cox) x F(H),

where F(pH) and F(Q46) are quantitative 
factors, F(Cox) and F(H) are qualitative ones 
according to function. H = depth of humus 
horizon.

Soil organic carbon (SOC) is a part of soil 
organic matter (SOM). Soil organic carbon 
was determined on C,N analyser EA. Soil 
carbon stock (SOCS – in t/ha) (5 categories) 
was calculated like function: 

SOCS = 10 x SOC1 x BD1,

Table 1. Study sites characteristics
Study
sites* Geographical location Altitude,  

m a.s.l. Climate Inclination Distance to 
the roads, m Soil type

ST
ME
ZA
CO
TA
VI
ZE

Eastern Slovak Hills
Krupina Plain
Borská Lowland
Slovak Karst
Kremnica Mountain
Low Tatras
Danube Slovak Hills

121
151
170
354
647
945
136

02
04
00
06
07
08
01

0˚
0˚
2˚
7˚
2˚
5˚
2˚

100–200
100–200
100–200
200–500
100–200

>500
>500

Fluvisol
Fluvisol
Regosol
Cambisol
Cambisol
Rendzina
Chernozem

*ST = Stráňany, ME = Medovarce, ZA = Závod, CO = Čoltovo, ZE = Zeleneč, TA = Tajov, VI = Vikartovce.
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where SOC1 = soil organic carbon content 
in per cent in the depth 0–10 cm, BD1 = soil 
bulk density in the depth 0–10 cm in g/cm3 

(Barančíková, Makovníková, VP VUPOP 
2013). The categories are as follows: 1 = very 
low potential (lower than 20 t SOC /ha), 2 = 
low potential (20–40 t SOC /ha), 3 = medium 
potential (40–60 t SOC /ha), 4 = high poten-
tial (60–80 t SOC /ha), 5 = very high potential 
(more than 80 t SOC /ha). The loss of soil by 
erosion was evaluated with the RUSLE model. 

The potential for outdoor recreation (RP) 
(cultural ecosystem services) was evaluated. 
We presume that each agroecosystem has 
the potential (capacity) for carrying out the 
outdoor recreation. All agroecosystems are 
considered to be potential providers of these 
services. Recreation potential was evaluated 
through agroecosystems landscape compo-
nents that have a specific link with summer, 
winter and year-round recreation. The rec-
reational potential for all these activities was 
calculated as sum of individual recreational ac-
tivities potential without added points (Natura 
2000) which were added only to the final sum 
in order to prevent multiple evaluations of ad-
ditional factors (Makovníková, J. et al. 2016). 

In the analysis of the suitability of the area 
in terms of recreational usage, the altitude, 
inclination, drainage, precipitation, tem-
perature (climate) and their distance to the 
roads were taken as basis. Five categories of 
agroecosystem to provide outdoor recrea-
tional activity were determined: 1 = very low,  
2 = low, 3 = medium, 4 = high and 5 = very 
high relevant capacity. 

Results and discussion

Provisioning services in relation to cultural 
services

Despite the fact, that all agroecosystems are 
considered to be potential providers of all 
ecosystem services, primary services of ar-
able land are provisioning services (Figure 1). 

At arable land, provisioning services are 
in opposite to cultural services. Our results 

showed that study sites Stráňany, Medovarce 
and Zeleneč have higher provisioning poten-
tial compared to outdoor recreation poten-
tial. Their provisioning services have the first 
order priority with the exception of the site 
Medovarce. This study site is polluted area 
(by inorganic contamination). The soil is not 
able to fulfil its hygienic function. Therefore, 
crops grown on the soil cannot be used for 
human consumption. The locality is more 
suitable as grassland or for production of 
energy crops. 

Agricultural utilisation can contribute to 
ecosystem services, but can also be a source 
of disservices as we observed in the CO 
study site. CO study site is threatened by 
erosion. The ecosystems affect the water bal-
ance through two processes, interception and 
infiltration. The interception depends on the 
structure of the ecosystem, on the land cover. 
It would be appropriate to change the land 
use of this locality and use this area as grass-
land. Study sites Tajov and Vikartovce have 
low provisioning potential and their use as 
arable land has only local significance.

Grasslands are considered to be not only 
actual providers of provisioning services 
but also actual providers of cultural ser-
vices. The capacity of grasslands to provide 
provisioning services in relation to outdoor 
recreational activity is shown on Figure 2. 

Fig. 1. Provisioning services (BH) in relation to cultural 
services (RP) for arable land. Study sites: ST = Stráňany; 
ME = Medovarce; ZA = Závod; CO = Čoltovo;  

ZE = Zeleneč; TA = Tajov; VI = Vikartovce.
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The altitude negatively affects the potential 
to provide provisioning services, on the other 
hand, positively affects the potential of cul-
tural services.

The capacities of grasslands to supply 
cultural agroecosystem services can signifi-
cantly contribute to the economic stability 
and prosperity of a particular region. The 
utilisation of soils with low production po-
tential (Tajov and Vikartovce) primary for 
the recreational purposes can help to prevent 
degradation and loss of agricultural soil. 

Regulating services

The categories of regulating services (soil 
filtration potential and soil carbon stock) are 
shown on Figure 3 (arable land) and Figure 4 
(grassland).

It is well known that the variation in soil 
properties such as pH, organic matter con-
tent and quality, texture, the quantity and 
quality of adsorbing sites, can significantly 
influence the distribution as well as avail-
ability of inorganic risk elements to plants 
and water (Makovníková, J. et al. 2007; 
Bujnovsky, R. et al. 2009). Potential of soil to 
immobilisation and thus transport of risk ele-
ments is dependent on total amount of these 
elements in soil and the potential of soil sor-
bents responsive to risk elements behaviour 
and availability. 

Results of soil filtration potential showed 
that very high soil filtration potential has been 
evaluated for Vikartovce site (arable land as 
well as grassland). At Vikartovce site, the val-
ue of soil reaction is in neutral or slightly al-
kaline range. There is high content of organic 
matter in the surface horizon of the soil, which 
decreases with depth. The study site belongs 
to the areas with soil with high potential of 
soil sorbents and very low potential of risk 
elements evaluated in accordance with the 
Slovak Law 220/2004. Overall, regulating ser-
vices are the lowest at the degraded study site 
Medovarce (site loaded with inorganic pol-

Fig. 2. Provisioning services (BH) in relation to cul-
tural services (RP) for grassland. For ST, ME, ZA, CO, 

ZE, TA and VI = see Fig 1.
Fig. 3. Categories of soil regulating services for arable 
land. 1 = very low; 2 = low; 3 = medium; 4 = high;  
5 = very high potential. For ST, ME, ZA, CO, ZE, TA 

and VI = see Fig 1.

Fig. 4. Categories of soil regulating services for grass-
land. 1 = very low; 2 = low; 3 = medium; 4 = high;  
5 = very high potential. For ST, ME, ZA, CO, ZE, TA 

and VI = see Fig 1.
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lutants). At this study site, the high contami-
nation is connected with a higher amount of 
potential risk elements in sediment deposited 
on the flood plains as well as with local an-
thropogenic sources (mining activities). 

Very high potential to immobilisation of 
risk elements was recorded in 19.74 per cent 
of Slovak agricultural soils, high potential in 
26.06 per cent, medium in 27.38 per cent, low 
in 21.64 per cent and very low potential to 
immobilisation of risk elements only in 5.18 
per cent. Categories with very high and high 
immobilisation potential, thus, with low risk 
of inverse process, transport of risk elements, 
comprise 45.80 per cent of all agricultural 
soils of Slovakia (Makovníková, J. et al. 2007).

At arable land, the stocks of soil organic 
matter decreases in the order Vikartovce > 
Stráňany > Tajov = Medovarce = Zeleneč = 
Čoltovo > Závod. 

Our results showed some different results 
for grassland. Higher SOC values on grass-
land in comparison to arable land are typical 
for all soil types of Slovakia (Barančíková, 
G. 2014) and it is conform with many litera-
ture data (Sanford, G.R. 2014; Gelaw, M.A. 
et al. 2014). The highest soil organic carbon 
stock has been determined at grassland lo-
calities Vikartovce, Zelenec and Tajov. The 
lowest stocks of soil organic matter were cal-
culated for locality Zavod, due to the strong 
mineralization of organic matter that is deter-
mined by good aeration and drainage. 

Soil carbon stocks are determined pri-
mary by the soil forming processes and the 
secondary by land use and management. 
Management regime governs the carbon stor-
age. Conversion of grassland to cropland can 
release 0.90 Mg C /ha per year in average dur-
ing a 20-year period. Conversion of arable land 
to permanent grassland generally results in 
0.49 Mg C /ha per year carbon storage over 20 
years (Hönigova, I. et al. 2012). According to 
Conant, R.T. et al. (2001) extensive grasslands 
constitute an important reservoir for atmos-
pheric carbon. Our results confirm significant 
negative correlation only between provisioning 
and cultural agroecosystem services (Table 2).

Conclusion

The agroecosystem services potential value 
of arable land and grassland sites located in 
different soil-ecological regions of Slovakia 
differ in all categories of services. The most 
significant differences are in provisioning and 
regulating services. Agricultural management 
practices are the key for realizing the benefits 
of ecosystem services, especially if trying to 
induce synergism effect. In other words, a 
synergism occurs when ecosystem services in-
teract with one another in a multiplicative or 
exponential fashion (Felipe-Lucia, M.R. 2014). 

These can be positive, i.e. multiple services 
improving in provision. Explicit modelling 

Table 2. The correlation analysis of agroecosystem services

Correlation coefficient/
agroecosystem services

Correlation coefficient

Provisioning
services

Regulating services
Cultural  
servicesSoil filtration 

potential
Soil carbon 

stock
Arable land

Provisioning services 1.00 0.03 -0.41 -0.84
Regulating 
services

Soil filtration potential
Soil carbon stock

0.03
-0.41

1.00
0.62

0.62
1.00

0.35
0.56

Cultural services -0.84 0.35 0.56 1.00
Grassland

Provisioning services 1.00 -0.35 -0.61 -0.85
Regulating 
services

-0.35
-0.61

1.00
-0.39

-0.39
1.00

0.05
0.57

0.35
0.56

Cultural services -0.85 0.05 0.57 1.00
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of agroecosystem services is considered 
to be one of the main requirements for the 
implementation of the concept of these ser-
vices in institutional decision-making. The 
assessment of the potential of the country to 
provide agroecosystem services allows us to 
evaluate the impacts of land use change on 
the capacity to adapt AESS and management 
for local conditions.
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