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Abstract

This study aims to evaluate soil water accumulation of cropland agroecosystem in seven regions with various climat-
ic and soil-ecological conditions. The potential of water accumulation in the soil (one of the regulating ecosystem
services) was assessed through the hydro-limit of the field water capacity expressed in volume percentages. For the
needs of spatial analysis and assessment of the potential of ecosystem services, mapping units were created based
on biophysical data in combination with land use data. Result from our study showed that soil water accumulation
in cropland ecosystems is higher in lowland positions and decreases with increasing altitude. Negative correlation
between water accumulation and climatic regions (R=-0.63) is statistically significant. Cropland ecosystems with
very high potential of water accumulation service are significantly represented in the region of Michalovce (93%
of the area), Roznava (58%) and Krupina (40%). In the Poprad region, there are mainly areas with a low potential
(90%). The value of soil water storage potential can help in the development of functional strategies for optimal
land use in the country.
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INTRODUCTION

The analysis and assessment of ecosystem services is a widely discussed topic across the spectrum of
natural science. According to Birghofer (Birghofer et al. 2015), ecosystem services are determined by
mutual interaction between ecological and social systems, ecosystem services are those ecosystem pro-
cesses and functions that contribute to the fulfilment of human needs. Ecosystem services of agricultur-
ally used lands, linked to natural capital, are divided by Dominati et al. (2010) into three basic groups,
namely provisioning, regulating and cultural services.

Climate change brings with it a greater risk of extreme weather, including flash floods, which increases
the importance of water regulation in the country. Ecosystem service, water regime regulation includes
water distribution, water retention, water cycling for all ecosystems, and flood control. The presence or
absence of water in the landscape significantly affects also provisioning services, regulating ecosystem
services as well as supporting processes and biodiversity.

The ability of soil to accumulate water depends on soil parameters (soil texture, soil mineralogical
composition, quality and arrangement of soil horizons, soil compaction or bulk density, soil structure,
content, and quality of organic matter) and environmental locality characteristics (relief, slope, climate,
precipitation, groundwater level) (Bujnovsky et al. 2009). The clay fraction and humus have the greatest
ability to attract water, and this ability depends not only on their quantity but also on their quality. The
quality of the clay fraction is mainly determined by the presence of individual clay minerals — phyllosili-
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cates, differing in structure and ability to swell. Soils with a predominance of clay minerals of the smectite
group have the greatest sorption capacity (Curlik & Jurkovi¢ 2012). A very important parameter is the
soil depth, which determines the total amount of water that the soil can accumulate. Soil water holding
capacity is adversely affected by soil skeleton. The negative effect of skeleton is manifested when its con-
tent exceeds 20 to 30% and causes a decrease in water reserves compared to skeleton-free soil (Damaska
1987). Water stability of macroaggregates and the representation of silt particles and pseudo-aggregates
are also important factors (Fulajtar 2006). Humans can positively influence soil water accumulation
through management aimed at increasing soil organic matter and negatively by physical degradation
such as soil compaction and erosion. Soil compaction reduces soil porosity and soil water storage capac-
ity. The water permeability, infiltration and drainage capacity of the soil is reduced, which in turn can
lead to surface runoff and soil erosion. Soil compaction is also influenced by the quantity and quality of
organic matter in the soil. Mineral soils with less than 1% humus content (Luvisols, Regosols) have less
ability to resist compaction compared to soils containing 3-6% humus (Chernozems, Mollic Fluvisols)
(Sarapatka et al. 2002).

Arable soils often have a regulating capacity affected by land melioration and modified watercourses,
causing accelerated runoft, drying out as well as insufficient groundwater production. Intensive melio-
ration in the past has caused several negative changes. The drop in groundwater levels due to drainage
consequently changes the nature and composition of the ecosystems in the broad vicinity of the drained
fields. Landscapes so altered are unable to retain water during intense rainfall events, river networks
converted into covered or open channels accelerate water runoff from the landscape and altered stream
channels allow the rapid movement of huge masses of water, which in turn increases the risk of flooding.

Analysis and assessment of ecosystem services based on scientific standards, despite intensive research
in this area, is not easy (Carpenter et al. 2009, Hou et al. 2013). It depends on the spatial association
(Tixier et al. 2013), the type of ecosystem (Feld et al. 2009) as well as the availability of suitable indicators.

The basic layer that enters most available ecosystem service models is the ecosystem category layer and
the landscape cover layer (InVEST model (Kareiva et al., 2011), ARIES model, SolVES model). Linking
ecosystem service models to land cover is also one of the conditions for the use of these models in mon-
itoring changes in land use management, in spatial planning as well as in the implementation of assess-
ment of natural capital services potential in socio-economic planning within the region and the country
(Haines-Young et al. 2012). Also, according to Lescourret et al. (2015), land use data are an important
component in quantifying the potential of ecosystem services.

The aim of the contribution is the assessment and comparison of the regulation of water regime (reg-
ulating ecosystem service — water accumulation in the soil) of arable land ecosystems on model sites
located in different climatic and pedo-ecological conditions.

MATERIAL AND METHODS

The potential of soil water accumulation was evaluated through the field water capacity hydro -limit
which belongs to the basic hydro-physical characteristics of soil (Hrividkova, Makovnikova et al. 2011).
The field water capacity was expressed in volume percentages, since we evaluate the volume of retained
or of accumulated water in the soil and converted to soil water supply in mm according to its depth (Bu-
jnovsky et al. 2009, Brodova 2008, Houskova 2011, Matti et al. 2009).

We evaluated the water accumulation potential in 5 categories based on the weighted average of the soil
water supply in mm in context with soil depth (Bujnovsky et al. 2009) (Table 1).
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Table 1
Categories of soil water accumulation potential
Category Potential Water accumulation in mm Point value
1 very low <135 1
2 low 135-175 2
3 medium 176 -215 3
4 hight 216-275 4
5 very hight >275 5

For spatial analysis and assessment of this agroecosystem service potential, mapping units based on
biophysical data in combination with land use data were created. We generated the layer for spatial quan-
tification and subsequent evaluation of ecosystem services by combining four input layers - relief slope,
climatic units, soil texture and land type (Fig. 1) (Makovnikova et al. 2017). The basic spatial unit for the
representation of geographic data is a regular grid with a cell size of 100 x 100 m.

For a complex comparison of model areas, we chose a point system:

TPV = Z(Pi* PVi),

TPV = total point value

Pi = representation of the given category in the model area in % (Table 6)

PVi = points value of the given category (Table 1)

Referring to the soil nomenclature and classification, it uses the national Morphogenetic Soil Classifi-
cation System of Slovakia (Societas pedologica slovaca 2014) which individual soil types were correlated
to the WRB (IUSS Working group WRB 2022).
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Figure 1 Spatial units for the assessment of ecosystem services
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The created layer of functional aggregated spatial units is also compatible with the spatial units in the
internationally used CLC (Corine Land Cover) database, as it carries land use information that is also
part of the CLC units.

The GIS software ArcGIS for Desktop Advanced version 10.3 from ESRI was used for graphical pro-
cessing of databases, creation of data layers and spatial quantification of models. Statistical processing
of databases and measured data as well as evaluation of the results was carried out in STATGRAPHICS
CENTURION.

Model areas
For modelling and evaluation of water regime regulation we selected 7 model areas (districts) located
in different pedo-climatic conditions of the Slovak Republic (Fig. 2, Table 2).

Figure 2 Location of model areas

Table 2
Characteristics of model areas
. Area* . . . .
Region (km?) Climate Elevation Geographical location
84% of area u Located in the northern part of the
to 3000 m aboxlr)e Danube Lowland, in the Trnavska tabula
Trnava 99.7% very Upland subdivision. It is bordered by the
479/741 . sea level and . R
(TT) warm climate. Malé Karpaty Mountains in the north-
75% on the dth ok .
lain west and the Povazsky Inovec Mountains
prain. in the east.
Situated in the Zahorska nizina
0,
. 90.5% very 84% up to 300 m Lowland, bordered by the Biele and Malé
Senica (SE) | 301/684 . a.s.l. and 53% on . ; .
warm climate. the lain Karpaty Mountains and the Myjavska
prain. pahorkatina Upland from the east.
Michalovee 99.4% warm 96% up to 300 | Located in the East Slovak Lowland,
(MI) 504/1019 cli;na(‘)ce m a.s.l. a92% on | bordered to the north by the volcanic
' the plain. Vihorlat Mountains.
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. Area* . . . .
Region (km?) Climate Elevation Geographical location
58.9 O 60% from 300 The Stiavnické vrchy Mountains
.9 % very .
Krupina warm and 36.6 to 600 m a.s.l,, ‘ 1nterYene ,from 'the north-west, the
(KA) 161/585 % moderately 26% on the plain | Krupinska planina Plat)eau from the
warm climate and 50% with a | north-east and the Ipelska pahorkatina
" | slight slope. Upland from the south.
48% from 300 It belongs to t.he area of the Sloval'< Ore
. Mountains with the Slovak Karst in the
Roznava 67 % warm to 600 m a.s.l,, . .
(RV) 97/1173 climate. and 39% on the §outh and the Volovské VI‘Ch}’ Mountains
plain in the centre and the sub-unit of the
) Slovak Paradise in the north.
The territory is bordered by the
57% of area Kremnické vrchy mountains from the
Banska 69.1% >600 m a.s.l., west, Velka Fatra, Starohorské vrchy and
Bystrica 43/809 | moderately 28% on the plain | Low Tatra Mountains from the north,
(BB) warm climate. |and 40% with a | Polana Mountains from the southeast
medium slope. | and Zvolenska kotlina Basin from the
south.
98.3% of area The High Tatra Mountains in the
Poprad 99.7 % cold >600 m a.s.l., north and the Low Tatra Mountains in
(PP) 110/1105 climate 34% on the plain | the south, which are separated by the
) and 45% with a | Podtatranska kotlina Basin, are situated
slight slope. on the territory.
* Cropland area / region area

Table 3 shows the main soil textures and their percentage representation in the model regions on arable

land.
Table 3
Representation of soil textures on cropland in model areas
. Soil texture in % of model area

Region

S-LS SL L CL C
Trnava 0.0 0.8 90.2 8.8 0.2
Senica 314 7.9 49.4 10.8 0.5
Michalovce 3.1 7.1 49.3 22.5 18.0
Krupina 0.0 44 77.3 18.2 0.1
Roznava 0.4 11.7 67.3 20.6 -
Banska Bystrica 2.9 22.9 70.6 3.6 -
Poprad 2.6 20.2 53.6 23.7 -
Soil texture: S — sand (0-10% of clay fraction <0,01mm), LS - loamy sand (10-20%), SL - sandy loam (20-30%), L — loam
(30-45%), CL - clayey loam (45-60%), C - clay (60-75%)

Table 4 shows the representation of soil types on cropland in individual model areas.
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Table 4
Representation of soil types on cropland in model areas

Soil type in % of model area
Region ci | Ml r e | w fem | WL [ re | M) ms
Trnava 447 | 82 | 4.1 0.1 | 241 | 48 1.1 1.3 | 10.7 | 0.9 0.1
Senica 26 | 178 | 16.7 | 0.7 | 23.7 | 122 | 0.7 1.5 | 224 | 15 0.2
Michalovce 9.0 02 | 553 | 11.2 | 54 1.8 1.3 | 149 | 09 0.0 -
Krupina - 0.1 55 00 | 19.6 | 48.8 | 21.9 | 3.9 - 0.1 -
Roznava - 12 | 248 | 0.1 43 | 297 | 42 | 262 | 0.2 9.3 -
Banska Bystrica - 23 | 21.0| 03 - 62.8 | 1.0 | 6.2 - 6.4 -
Poprad - 86 | 44 | 15 - | 770 | - 2.5 - 58 | 0.2
Soil types: CH - Chernozems, FLmo - Mollic Fluvisols, FL - Fluvisols, GL - Gleysols, LV - Luvisols, CM - Cambisols,
LVab - Albic Luvisols, PL - Planosols, RG - Regosols, LPrz — Rendzic Leptosols, HS — Histosols

Soil types with a generally high potential to accumulate water include soils with a higher humus content
such as Chernozems, Mollic Fluvisol and Histosols, or with a higher clay content at least in part of the soil
profile such as Luvisols, Albic Luvisols, Planosols (IUSS Working Group WRB 2022). The ability of Flu-
visols, Gleysols and Cambisols to accumulate water is determined by their soil texture, skeleton content
and profile depth. Regosols and Rendzic Leptosols belong to the group of soils with a lower accumulation

capacity due to the smaller profile thicknesses (Demo et al. 1998).

RESULTS AND DISCUSSION

The spatial distribution of individual categories of the water accumulation potential of arable soils in
the model territories is shown in Figures 3 to 6.

Figure 3 Water accumulation potential of arable soils in Krupina region and Michalovce region

kategérie

Potencidl akumulacie vody

4

1 2
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Figure 5 Water accumulation potential of arable soils in Poprad region and Senica region
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Figure 6 Water accumulation potential of arable soils in Trnava region
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The representation of individual categories of water regime regulation potential (arable soil water accu-

mulation potential) is shown in Table 5.

Table 5
Water regime regulation potential (water accumulation potential in arable soils) in model areas

The potential of water accumulation in the soil in % of the area of
Region agriculturally used arable land (P)
very low low medium hight very hight

Trnava 0.00 0.26 0.06 75.42 24.26
Senica 0.33 36.50 1.98 30.85 30.34
Michalovce 2.84 0.11 0.45 3.61 92.99
Krupina 0.41 15.31 17.07 27.14 40.07
Roznava 1.43 18.58 7.95 14.21 57.73
Banska Bystrica 241 47.11 21.17 13.81 15.50
Poprad 2.46 90.48 6.83 0.23 0.00

The water accumulation potential in arable soil ecosystems is negatively correlated with climatic cat-
egories (r = -0.63). This potential also depends on other soil properties (content and quality of humus,
textural differentiation within the soil profile, sequence of horizons, skeleton content, soil depth) to
a certain extent included in the characteristics of soil types and related to their geographical distribution.
With decreasing altitude, the average temperature, the content of the clay fraction, the depth of the soil
as well as the potential for water accumulation increases and the content of soil skeleton decreases.

Ecosystems with a very low potential to accumulate water are poorly represented in the model regions
(from 0.00% of the area of agriculturally used arable land in the Trnava region to 2.84% in the Michal-
ovce region). Arable lands are mostly flat areas with good accessibility and a low risk of erosion. In the
category with low potential, the largest area is represented by the region of Poprad (90.5% of the area)
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and Banska Bystrica region (47.11% of the area) with a relatively strong representation of sandy to sandy-
loam soils or shallower skeletal Cambisols and Rendzic Leptosols, and the Senica region (36.5% of the
area) with a significant proportion of Regosols on wind-sands.

The largest share of areas with medium water accumulation potential is in the Banskd Bystrica region
(21.17%). This category includes ecosystems of arable soils on predominantly medium-deep and medi-
um-heavy soils determined by the presence of skeleton.

Most of the territory of Trnava region belongs to the high category of water accumulation potential.
This category is represented by ecosystems on deep loamy to clay-loamy soils with a lower proportion of
cementing clay fraction and a higher proportion of silt. In terms of soil types, these include mainly silty
Chernozems with a higher humus content, medium-grained Luvisols, albic Luvisols, Planosols or, in riv-
er floodplains, Fluvisols and humus Mollic Fluvisols. High humus content with high quality is reflected
in high water retention with maintaining good aeration (Fulajtar 2006).

Arable ecosystems with a very high potential for water accumulation are mostly represented in the
region of Michalovce (92.99% of the area), Roznava (57.73%) and Krupina (40.07%), but a relatively
high share is also in other regions except for Poprad region. These ecosystems are located on deep and
skeleton-free soils with a high content of physical clay or organic matter. The predominant soil types

Dendrogram
Nearest Neighbor Method, Squared Euclidean

)
T
I
1

&)
T
1

Distance
w
|
|

-
!
|

o
(YT

Trnava
Senica
Krupina
Poprad | o

Roznava
Michalovce
Banska Bystrica

Model regions

[_] Banska Bystrica
[ Krupina
] Michalovce
[ Poprad

3 [ Roznava

[ senica
B Trnava

o
7&/

~2%HL

Figure 7 Comparison of model areas using cluster (dendrogram)
and sun-ray analysis

32



Pedosphere Research, vol. 4, 2024, no. 1: 24-35

Original paper

here are valley soils around watercourses, such as heavy Fluvisols and Mollic Fluvisols, Planosols and
Albic Luvisols on river terraces, and lowland soils represented by heavy Chernozems and Luvisols.
In the Michalovce region, there is a high proportion of heavy clay loam (22.5%) or clayey soils up to
clays (18.0%). In the fraction of clay particles (< 0.002 mm), montmorillonite, belonging to the smec-
tite group of clay minerals, is predominant, forming the absolute predominant part of the inorganic
soil colloids. Clay minerals called phyllosilicates (watery alumo-silicates) with a layered (rarely also
chained) structure are carriers of important colloidal properties of soils, such as mainly sorption ca-
pacity, but also water and nutrient retention and release (Curlik 2011). High values of water retention
capacity for the clay soils of the East Slovak Lowland, are also reported by Mati & Kotorova (2009). The
water retention capacity of this soils is up to 286.03-420.71 mm, i.e. 2860-4207 m’ per hectare (Mati
& Kotorova 2009).

The overall order of the evaluated model areas according to CBH is as follows: MI (484) > TT (424)
> RV (408) > KA (391) > SE (354) > BB (293) > PP (205). The order determines the representation of
the category with a very high-water accumulation potential. The exception is the Trnava region, which
moved up to second place in the ranking due to the large area of the category with high water accumu-
lation, and the Senica region, on the other hand, moved down to fifth position due to the relatively high
representation of soils with low water retention developed on wind-sands.

Comparison of the model areas (Fig. 7) showed the most pronounced regional differences between the
model regions depending on their climatic conditions in combination with the representation of soil
types (Tables 2, 3).

On the one hand, there are the model regions - Krupina and Roznava with a high proportion of the
area in a very warm and warm climate region and with a high representation of clay soils. The regions
of Trnava and Michalovce with the highest proportion of land in a very warm climate region also show
a significant similarity. On the other hand, there are the regions of Banska Bystrica and Poprad, in which
most of the arable land is in a moderately warm and cold area.

CONCLUSION

Soil water accumulation in cropland ecosystems is higher in lowland locations and decreases with in-
creasing altitude. Its negative correlation with climate categories is statistically significant (r = -0.63).
This ecosystem service largely depends on the soil texture, soil type and soil-forming substrate, which are
region-specific. In lower positions, there is a greater representation of deep, stoneless soils with a higher
proportion of clay fraction and higher quality humus.

Arable land ecosystems with very low potential to accumulate water in the soil are not widespread in
the evaluated regions (the highest quality and easier to cultivate soils are used as cropland, other agricul-
tural soils are used as grassland). Cropland ecosystems with a very high potential for water accumulation
service are significantly represented in the regions of Michalovce (93% of the area), Roznava (58%) and
Krupina (40%), and with a low potential in the Poprad region (90%). Explicit quantification and map-
ping of ecosystem services is one of the main requirements for the implementation of the ecosystem
services concept in institutional decision-making.

The potential for water accumulation in the soil can be regulated by changes in management aimed at in-
creasing C sequestration (sufficient organic manuring) and protecting the soil from compaction in terms
of preventive soil conservation measures. A more pronounced effect of an increase in soil organic matter
on increasing soil water retention can be expected especially on light sandy soils (Rawls 2003). The proper
management of agroecosystems can affect the regulation of the water regime by appropriate loosening
of the soil surface, while the depth of the loosened layer is also important, which affects the speed and
amount of infiltrated water (Rehak & Jansky, 2000). Proper management of agroecosystems can influence
the regulation of the water regime by appropriate loosening of the soil surface, while the depth of the
loosened layer is also important, as it influences the rate and amount of infiltrated water (Rehak & Jansky
2000). Tillage, which is aimed at changing the bulk density, also influences the amount and intensity of
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water infiltration. Soil transport in the erosive parts of slopes has a negative effect on soil water holding
capacity and water storage in the soil profile, especially in the case of shallower and skeletal soils.

The assessment of the ecosystem service, soil water accumulation, linked to spatial visualization, allows
to optimize the management of agroecosystems and thus to promote synergy between ecosystem func-
tioning and the social dynamics of the area.
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