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Abstract: The project dealt with an evaluation of the soil quality in the Central Bohemian Region in the Czech Republic.
The relevant attributes and characteristics were found regarding the soils in this selected area. Based on the data from
soil probes, climate characteristics, soil production function and data on the land use, the characteristics, known as soil
quality indicators, were selected. Then the soils were sorted into groups which indicated their suitability for the best
land use and planning. The characteristics of the soils that contributed the most to the ecosystem services provided by
this part of the environment were chosen as the soil quality indicators. In order to find out how the soils are able to pro-
vide ecosystem services, two types of approaches were used — the average score and the total amount of points gained.
Maps indicating the soil quality were created using the ArcGIS program. At the same time, research on the differences
in the quality in two different layers of the soil was carried out. In most cases, there was a decrease in the soil quality
with an increasing depth. The results of this project can be used as a basis for a new soil valuation in the Czech Republic.
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Soil valuations are increasing in importance with ~ which is gaining more and more attention from many
climactic changes and it is also more necessary to  authors, fits this concept.
evaluate non-productive properties besides the pro- Ecosystem services are the benefits that ecosystems
duction capacity. The concept of ecosystem services, are capable of delivering to society (Haines-Young
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& Potschin-Young 2010). Costanza et al. (1997) de-
scribes ecosystem services as the flow of materials,
energy and information from natural resources that
create human well-being.

Assessing and evaluating ecosystem services is
a way to help simplify decisions about using the
landscape. The TEEB study (2010) distinguishes
several purposes of evaluating ecosystem services
(visualising nature’s value, evaluation of ecosystem
services and their inclusion in decision making,
reducing risk and uncertainty, value for the future,
measurement for management).

In the European Union, the Mapping and Assess-
ment of Ecosystem Services (MAES) process has
introduced a conceptual framework linking biodi-
versity, ecosystem status and ecosystem services to
human well-being (Veidemane 2019).

The goal of this contribution is to suggest possible
new methods to assess both ecological and produc-
tion functions.

MATERIAL AND METHODS

Assessment and evaluation of soil quality. There
are a number of frameworks by which soil quality is
assessed and evaluated, and they take different aggre-
gation forms. Although these frameworks share the
objective of providing a comprehensive description
of soil quality, they can be divided into two groups
with respect to their main focus.

The first group consists of indicator frameworks
that describe the current state of the soil system
by assessing the quality of agricultural soils. This
is based on detailed field measurements (Arshad &
Martin 2002), a statistical analysis of soil databases
or elaboration of the status of specific soil threats.
A statistical soil database analysis is used to deter-
mine which soil properties and functions are the
most important for high quality soils (Shukla et al.
2006; Desaules et al. 2010).

The second group are indicator frameworks that
focus on changes in the soil quality and applied soil
management. These frameworks talk about the soil
productivity in different farming systems (Oberholzer
etal. 2012), compare farming systems (Fliessbach et
al. 2007) or talk in detail about the benefits of the
soil biota as an indicator of soil quality (Schloter et
al. 2003).

Further examples of soil quality indicators fall-
ing into these two groups can be found in the work
of Bastida et al. (2008). Many of the proposed soil
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quality indicators focus on soil management in the
context of a single discipline, such as agriculture
or soil pollution. There are also indicators that are
designed from a purely scientific perspective and
do not make sense to a layperson. Soil fertility is
affected by the natural conditions in which the soil
was formed, but especially by human intervention,
which modified many physical and chemical proper-
ties of the soil in order to increase its fertility (Sanka
& Materna 2004).

The soil has many functions. It is possible to use
a system of soil property indicators that can be meas-
ured and expressed numerically. Important indicators
for determining the soil quality are the amount of
water retained in the soil, the humus content or soil
texture. (Sanka & Materna 2004).

Soil quality frameworks designed for land use
planning are rare. According to Drobnik et al. (2018),
in Germany, they developed a concept for consider-
ing soil quality in spatial planning in the Stuttgart
region. Another similar concept has been developed
in Austria. Both of these concepts exclusively focus
on limiting any settlement expansion and the re-
lated infrastructure. The German concept divides
soil quality using scores (the higher the score, the
better the soil) based on natural soil functions and
anthropogenic soil degradation (landfills). The natu-
ral soil functions are their suitability for agriculture
and plants, water retention and filtering ability for
polluting materials. The author then assigns the
availability of the soil quality points to municipali-
ties for new urban areas.

Also, Haslmayr et al. (2016) consider different
soil functions to determine the overall soil quality,
which is then implemented as the so-called spatial
resistance for developing a place. The functions as-
sessed include the habitat for organisms, the habitat
potential for natural plant communities, the natural
soil fertility, and others. The spatial resistance of
a soil depends on the highest performance of the
soil function being assessed (the higher the perfor-
mance, the higher the resistance). If a soil achieves
the highest spatial resistance score, it is considered
to be an area where any anthropogenic development
requires compensatory measures.

Both of these soil indicators are highly aggregated
and work well in top-down environmental planning,
meaning that planning targets are defined and set
at the highest hierarchical level without considering
the feedback coming from the lower levels of this
hierarchy. However, it turns out that aggregated indi-
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cators are less effective when there are compromises
in the assessment and evaluation of any impacts.
This is particularly true in the case of land. Many
authors agree that several soil quality indicators
are needed if the soil quality is to be implemented
in decision-making processes in a meaningful way
(Drobnik et al. 2018).

SQUID index. Soil quality indicator (SQUID) is
a soil quality index that combines a set of ten differ-
ent soil functions into different ecosystem services
using the Delphi expert approach. This index uses
the results of a Delphi survey to identify the con-
tributions of soil functions to ecosystem services.
Estimates of the soil function (OPF or SFA) con-
tributing to each ecosystem service are multiplied
by the weighted factors provided by the experts. The
resulting ecosystem service values are then averaged
into a SQUID index. The minimum overall score is
equal to 0, indicating that the soil does not contrib-
ute to the ecosystem service at all. In contrast, the
maximum overall result, which is equal to 5, means
that the soil contributes very significantly to the
ecosystem service. The SQUID index is calculated
according to the following formula:

n

SQUID =Zi (1)

1

Auxiliary calculations (Drobnik et al. 2018) are:

n
ES, = X ofy xw;
=1

n
D=l
j=1

where:

ES; — soil-based ecosystem services with i taking values
from 1 to 23;

sfij — the quality of the soil function where j contributes
to a given ecosystem service denoted by j;

w;; — the weight assigned by experts, i.e., the level of con-
tribution of soil function j to ecosystem service i.

BOKS index. The BOKS index was developed
in Germany for use in the Stuttgart region (Wolff
2006). This index is based on the sum of six attributes
that are used to characterise the soil quality. Unlike
many other soil quality indices, BOKS considers
both natural and anthropogenic factors as consti-
tuting the final soil quality index. Four of these six
attributes are classified as natural factors, which
are the suitability for the natural vegetation and

crop production, regulation of the water cycle, ca-
pacity for filtration and buffering of contaminants,
and archiving of cultural and natural history. The
remaining two attributes belong to anthropogenic
factors, which are contaminated sites and the soil
sealing level. Each of these attributes is normalised
from 0 (non-existent) to 5 (very good). The original
BOKS is a parcel of land, where each attribute value
comes from a point within the respective parcel and
is then multiplied by the area of the parcel it belongs
to. The final BOKS result is calculated using the fol-
lowing equation (Wolff 2006; Drobnik et al. 2018):

BOKS = (svc x a) + (we x a) + (fbc x a) +

+ (cnh x a) + (cont x a) + (seal x a) @

where:

a - size of the parcel;

svc  — suitability for natural vegetation and crop pro-
duction;

wc - regulation of the water cycle;

fbc — capacity for filtration and buffering of contami-
nants;

cnh — archiving of cultural and natural history;

cont — contaminated sites;

seal — soil sealing level.

Drobnik et al. (2018) used high-resolution maps
and, thus, calculated BOKS on an individual raster
level, while multiplication by the parcel area was
not applied.

Comparing soil quality indices. Effective and
informed decision-making in terms of land devel-
opment requires constant land use assessments and
their impact on the environment. This is even more
necessary today, when conflicts over land resources
are increasing (O’Neill & Walsh 2000; von der Dunk
et al. 2011; Hersperger et al. 2015). In order to avoid
hidden compromises in terms of soil quality, and to
incorporate soil quality more effectively into land-use
planning, information is needed not only on the absolute
value of soil quality, but also on its spatial distribution.

In Switzerland, the outputs of two soil indicators,
BOKS and SQUID, presented in a case study were
investigated. The outputs of the assessment methods
were compared with respect to each other in terms of
their absolute values (pixel-based), in terms of clusters
of similar soil qualities, and whether these clusters
coincide within the two indicators, as well as how the
results change with distance (Drobnik et al. 2018).

Multi-criteria decision making is an analytical hi-
erarchical process (Ramik 1999). An important step
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in the evaluation of multi-criteria problems is the
determination of weights (importance of criteria).
A wider range of methods can be used to determine
them. One of the possible alternatives is the scoring
method (Fiala 2008). Another option is to use the
Saaty method (Saaty 2008).

For this study, the Central Bohemian Region was
selected. This region is the largest one and its land-
scape and soil cover is highly variable.

Data collection. Following the purposes of the
work, it was imperative to collect the necessary
data regarding the soil characteristics. A total of
19 different soil characteristics were collected in the
Central Bohemian Region. The following data were
obtained through the geographic information system
CR PUGIS (Kozak et al. 1996): pHH0, pHicn, humus
content (%), depth of humus horizon (m), CaCOs3 (%),
P,0s5 (mg/kg), KO (mg/kg), total sorption capacity
(mmol/kg) and texture (%). The Research Institute
for Soil and Water Conservation provided data on
the soil protection classes (Anonymous 2011). The
ecosystem quality was obtained using information on
the landscape cover using CORINE Land Cover 2012
(Geoportal.gov.cz 2014). The percentage of built-up
area (soil sealing) was obtained from CORINE Land
Cover 2018 (Land.copernicus.eu 2018). Furthermore,
we were provided with data on newly emerging cli-
matic regions, and the average precipitation for
these regions was obtained from the characteristics
of climatic regions in the book “Soil and its assess-
ment in the Czech Republic, Volume II” (Vopravil et
al. 2011). In addition, the Research Institute for Soil
and Water Conservation provided data on the water
retention capacity and hydrological soil groups. These

https://doi.org/10.17221/146/2021-SWR

data are the result of the Ministry of Agriculture
research project NAZV QJ1520026.

Subsequently, it was necessary to obtain the data
needed for the creation of the maps. The soil map
of the Central Bohemian Region was taken from the
1:250 000 map of the Czech Republic (Kozdk et al.
2009). The basis for the production of the maps of
hydrological soil groups and water retention capacity
was provided by the Research Institute for Soil and
Water Conservation, but these are the results of the
Ministry of Agriculture project NAZV QJ1520026.
The maps concerning the characteristics based on
the Agricultural Land Resources Evaluation were
created using data from the Database of Evaluated
Soils (Anonymous 2019). The Czech Hydrometeo-
rological Institute provided data for the creation of
the new climate region maps.

Data analysis and map creation. The data collected
on soil characteristics were analysed using Microsoft
Office Excel. From all the available data, it was nec-
essary to select the most important characteristics
that have an influence on the soil quality. For two
different soil depths (0.00-0.30 and 0.30-0.60 m),
pHxcl, humus content, texture (clay content) and
total sorption capacity. In addition, the humus ho-
rizon depth, soil protection class, water retention
capacity, hydrological soil groups, annual average
precipitation, ecosystem quality and soil sealing were
selected. The specific values of the selected charac-
teristics were then divided into three categories that
characterise the range of values. These categories
were good, medium and poor. The ranges of values
and the respective categories are shown in Table 1.
The table was based on a similar assessment used in

Table 1. Distribution of the selected soil-related characteristic values

Characteristic Good (3) Medium (2) Poor (1)
pH exchange 6.5-7.0 6.4-4.0 <4.0;>7.0
Humus content (%) > 3.5 3.5-1.0 <10
Depth of the 1% soil horizon (m) >0.30 0.30-0.10 <0.10
Al nd s claton ¥ v :
Texture (%) < 25% clay and sand other sand; clay
Water retention capacity 4 3,2 1
Hydrological soil groups A B C,D
Annual average precipitation (mm) 550-650 500-550; 650-900 < 500; > 900
Total sorption capacity (mmol/kg) >25 25-13 <13

Ecosystem quality

Soil sealing (%)

deciduous forests,
meadows, grasslands

<5

mixed forests,
agricultural land

5-25

industrial areas,
coniferous forests

> 25
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the EU URBAN Soil Management Strategy project
(Kozék & Galuskova 2010).

The maps in this work, which characterise the natu-
ral conditions in the Central Bohemian Region, were
created in ArcGIS version 10.7.1. The maps showing
the classification of the selected soil characteristics
into the above-mentioned categories were created
in cooperation with HYDROSOEFT Veleslavin s.r.o.

RESULTS

A total of 33 maps were created.

Maps characterising natural conditions. A total of
eleven maps were created using ArcMap (Ver. 10.7.1.)
that summarise the characteristics of the Central Bo-
hemian Region and are related to the soil properties.
These include a soil map, a water retention capacity
map, hydrological soil groups and maps based on
the Agricultural Land Resources Evaluation, which
include a summary map of the soil depth and type
of skeleton and a map of the slope and exposure to
cardinal directions. The Agricultural Land Resources
Evaluation also provides a map of the main soil units,
soil type groups and climatic regions.

Maps of selected soil characteristics. After select-
ing the necessary soil characteristics of the Central
Bohemian Region that affect the ecosystem services,
these characteristics were classified into three groups
indicating a good, medium and poor soil quality. For
all these characteristics, a range of values was first
established in order to classify the soil characteris-
tics. Each category was scored. The category “good”
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received 3 points, “medium” 2 points and “poor”
1 point. Based on the categorisation, 22 maps were
created. A total of 702 soil probes were surveyed
in the Central Bohemia Region, of which 16 probes
were related to forest soils. The soil probes are shown
in Figure 1.

The following maps are the result of the catego-
risation of soil properties and quality results are
expressed as points. In all these maps, the urban
development is shown in red and the forests are in
deep green. The best quality values are shown in
light pink to white. In contrast, the lowest quality
soils are coloured dark green on the maps. Other
colours highlight medium or average quality soils.

In Figure 2, the measured values of the soil exchange
reaction in the first 0.30 m from the soil surface have
been categorised according to the quality. Values
between 6.5 and 7, corresponding to a neutral soil
reaction, were considered to be a suitable pH. It was
found that a greater number of sites with a suitable
pH of the soil were mainly located in the northern
half of the Central Bohemian Region and then in its
eastern part. The largest sites with neutral pH were
found on the north-western outskirts of the city of
Prague and between Kolin and Kutnd Hora. A larger
number of sites with good soil quality were also found
in the north of the region between Mlada Boleslav
and Mélnik and near Podébrady and Caslav. On the
other hand, poor, i.e., very acidic or alkaline soils
were found on the northern edge of the Central Bo-
hemian Region above the towns of Mélnik and Slany.
Poor quality soils are marked in dark green on the
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Figure 1. Map of the soil probes on the agricultural land in the Central Bohemian Region (A) and map of the soil probes

on the forest land in the Central Bohemian Region (B)
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Figure 2. Soil exchange reaction score map at a soil depth
of 0.00-0.30 m from the surface

map. Other places with an unsuitable pH were also
found in the Prague-East and Kolin districts along
the Labe River. The southern half of the region is
covered with medium quality soils.

At soil depths of 0.30 to 0.60 m, areas with an un-
suitable pH are more extensive. The soil reaction is
one of the basic properties assessing the condition of
the soil. pH values also significantly affect other soils
characteristics — the soil processes, bioavailability
and mobility of the nutrients and risky elements.
The pH value is one of the criteria for processing
differentiated limit values of the risky elements in
the soil (Sanka & Materna 2004).

In forest soils, the pH value is one of the basic
indicators of the soil condition.

Figure 3 shows the humus content of the soils in
the Central Bohemian Region at a depth of up to
0.30 m from the soil surface. Most humus was found
in the Nymburk district, which had the most exten-
sive areas with a humus content above 3.5%. Other
areas with good soil quality are, for example, on the
western edge of Prague and in the Polabi region.
Other places where the humus is at good levels are
small in extent. Overall, the humus content in the
region is rather average, meaning that soils contain
between 1 and 3.5% of humus. Poor humus values
were only found in small areas on the border of the
Mlada Boleslav and Podébrady districts. They are
highlighted in dark green.

The humus content decreases with an increasing
soil depth. The evaluation of the humus content
should be used to assess the organic matter supply
needs with organic fertilisers and also to evaluate
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Figure 3. Map for the point assessment of the humus con-
tent at a soil depth of 0.00-0.30 m from the surface

the implementation of anti-erosion measures and
the possible evaluation of their effectiveness. The
organic matter content is one of the possible criteria
for processing differentiated limit values of the risky
elements in the soil. (Sanka & Materna 2004).
Figure 4 characterises the depth of the humic hori-
zon. The deepest soils occur in the Polabska Lowland
in the north-east and north of the region. These areas
are marked in white on the map and include the area
between Mlada Boleslav and Lysd nad Labem and the
confluence of the Vltava and Labe Rivers. There are
also a number of smaller sites in the region which
also fall into the category of a suitable depth of the
first soil horizon. These are, for example, areas near
Rakovnik or in the north-west of Prague in the Prague
plateau. In almost all the cases, these are sites close
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Figure 4. Map of the point assessment of the depth of the
humus (first soil) horizon
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Figure 5. Soil protection class scoring map

to rivers. Horizon depths of less than 0.10 m were
found in only two locations, one in the east of the
region near Podébrady and the other in the south
near Kamyk nad Vltavou. However, most of the Cen-
tral Bohemian Region is covered by a medium-deep
humic horizon.

Figure 5 indicates the soil protection classes found
in the Central Bohemian Region. The most valuable
soils in terms of the protection classes are those
belonging to Class I and II. These are mainly plains
that are above average in terms of their production.
These soils are shown in white on the map and can be
found around Prague and in the Polabska lowlands,
especially in the districts of Kladno, Mlada Boleslav,
Nymburk, Kolin and Kutnd Hora. The soils in these
areas should not be excluded from the agricultural
land fund at all or only in very exceptional cases.
Soils of medium value are found mainly in the south
of the region. On the other hand, the worst soils be-
longing to protection Class V are small in extent and
were found, for example, in the Pfibram and Beroun
regions. They are marked in dark green.

Figure 6 shows the soil grain size in the Central
Bohemian Region in the first 0.30 m from the soil
surface. The grain size was classified according to
the Novdk scale and the best soil was determined
to be that containing less than 25% clay or sand.
Conversely, the lowest quality soil was identified as
being a sandy or clayey soil. Within this stratum, the
best soil was found mainly in the north and east of
the region and then in the central part of the region.
Here, good quality soils are found mainly in the
Polabska lowland area, on the north-eastern edge
of Prague and to a lesser extent also in the Beroun
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Figure 6. Map of the texture at a soil depth of 0.00-0.30 m

region. A comparison of the northern and southern
half of the region shows that there are virtually no
good quality soils in terms of grain size in the south.
In the south, the most sites with sands and clays were
also found. These areas are marked in dark green
and found along the Vltava River near the Slapy and
Orlik reservoirs and in the BeneSov region.

At soil depths between 0.30 and 0.60 m from the
surface, the grain size is more suitable compared to
the first 0.30 m of the soil. With an increasing soil
depth, the soil grain size improves.

Figure 7 shows the water retention capacity map.
Soils in the areas around Prague and in the Polabi
region are best at retaining water. The locations in
the districts of Mladd Boleslav and Nymburk and
partly in Beroun have also good water retention.
Other suitable locations are very small areas, e.g., in
the Piibram region. The southern half of the region
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Figure 7. Map of the water retention capacity

51



Original Paper

Soil and Water Research, 17, 2022 (1): 45-58

1012
[ 12-14
[ 1418
[ 1s-18
[ 18-20
[ 20-22
[ 22-24
[ 24-26

[ 26-28
28-30

[ forests

- built-up area

1:400 000

Figure 8. Map of the hydrological soil group scores

is inferior in the water retention capacity (WRC)
compared to the northern half, with almost the entire
area having a moderately good WRC. A low WRC
was found only in a few small localities, especially
in the Pfibram and Kutna Hora districts.

The differences in the soil texture are responsible for
the different hydrophysical properties and suitability
for growing plants and also in the decomposition of
forest soils, what is important for the value of the
ecological function of soil (Sanka & Materna 2004).

Figure 8 shows the hydrological soil groups (HSP).
The best HSP, i.e. A, is found in only a small number
of sites in the Central Bohemian Region. Most of
them are located in the Ptibram region, in the Po-
labska lowland and partly in the Rakovnik district.
On the other hand, there is a relatively large number
of sites in groups C and D, which indicate a poor
HSP. The areas with these HSPs are marked in dark
green on the map and occur mainly on the northern
and north-eastern outskirts of Prague, near Mladd
Boleslav, Podébrady, Kolin, Kutna Hora and Cesky
Brod. A larger number of smaller localities were also
recorded in the Pfibram, Beroun and Kladno regions.
The Central Bohemian Region is very diverse in
terms of the hydrological soil groups.

Figure 9 shows the average rainfall in the Central
Bohemian Region. It is considered a good condition
when the average annual rainfall is 550-650 mm. The
ideal area is almost the entire east of the region except
for the southeast, where the rainfall is less. Other
suitable areas are around Sdzava and Cesk)’I Brod,
partly the districts of Rakovnik, Beroun, Ptibram
and Bene$ov. The unsuitable areas are the northern
outskirts of Prague and almost the entire Kladno
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Figure 9. Map of the annual precipitation

district, where the annual precipitation is either less
than 500 mm or more than 900 mm.

Figure 10 shows the total sorption capacity at a soil
depth of 0.00-0.30 m. The total sorption capacity
indicates the maximum amount of cations that 1 kg
of soil can hold, the amount of which is given in
chemical equivalents. The total sorption capacity
is highest in the east of the region, specifically in
the Nymburk district. The largest area of the whole
Central Bohemia Region was found there. In other
parts of the region, sites with good sorption capacity
are also represented, but these are very small areas.
The larger number of such areas is, for example, are
found in the Beroun, Kladno and Kolin districts.
A poor situation was recorded especially in Brdy and
its vicinity and in the vicinity of the Sdzava River.

- built-up area

1:400 000

Figure 10. Map of the point assessment of the total sorption
capacity at a soil depth of 0.00-0.30 m



Soil and Water Research, 17, 2022 (1): 45-58

Original Paper

https://doi.org/10.17221/146/2021-SWR

I 10-12
[ 1214
14-16
16-18
18-20
[ 20-22
[ 22-24
[ 24-26

| 26-28

28-3.0
forests

I vuilt-up area

1:400 000

Figure 11. Map of the point assessment of the ecosystem
quality

In the Central Bohemia Region, the overall sorption
capacity is moderately good in most areas.

In most cases, a slight deterioration with the in-
creasing depth was recorded.

Figure 11 shows the map of the quality of the eco-
system. For each probe, it was determined if it was
located in a built-up area, meadow, farmland, or
a specific type of forest. Probes that were in grassland
or deciduous forest were marked as good catego-
ries. The map shows that the south of the county
has higher quality ecosystems than what was found
in the north. The highest quality ecosystems were
found around the Vltava, Jizera and Sdzava rivers.
These places are marked in white on the map, which
are mainly meadows and permanent grasslands.
The poor quality of the ecosystem is mainly above
the northern edge of Prague, and to a lesser extent
near the towns of Podébrady and Kolin and also in
the north-east in the Mlada Boleslav district. The
situation presents that there are many industrial
enterprises with a high density of suburbs as well
(urban sprawl).

Figure 12 shows the permanent soil sealing. For
each soil probe, the percentage of built-up area was
determined using a 100 m diameter area around the
probe. It can be seen from the map that the Central
Bohemian Region does not yet face a problem of
built-up areas exceeding 25% in most of its terri-
tory. A worse situation was especially recorded in
the towns of Horovice in Beroun, Slany in Kladno,
Mnichovo Hradisté in the Mlad4 Boleslav Region,
Podébrady, C4slav, Benesov, Tynec nad Sdzavou and
in the north of the Prague-East district.

B 1012
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Figure 12. Assessment map of the permanent soil sealing
at a diameter of 100 m around the probe

Final evaluation of results. All the mapping docu-
ments that have been produced are used for the
final assessment of each site in terms of its ability
to provide ecosystem services. For this purpose, two
approaches were chosen. The first was to calculate
the average score of each site and the second was to
determine the total sum of the points attributable
to the site.

Figures 13 and 14 show maps of the average scores
for all the included soil characteristics. Figure 13
shows the average values at soil depth 0.00-0.30 m
from the surface. It is the result of a process whereby
all the points assigned to a given probe were summed
and then averaged. The best averages were achieved
by several sites in the eastern part of the region in
the Polabi Region. These locations are marked in
the lightest colour on the map. Good results were
recorded especially in the Nymburk district, where
the greatest number of these sites is found. Other
suitable areas include the districts of Mlad4 Boleslav
and Kolin.

Figure 14 shows the average values at soil depths
between 0.30 and 0.60 m. Suitable sites decrease with
the increasing soil depth. However, the differences
in the average values at the different soil depths are
very small. Again, these are small areas, particu-
larly in the Nymburk district. In particular, fewer
suitable sites were recorded in the Mladd Boleslav
region. Of the three sites originally found at a depth
0f 0.00-0.30 m, only one was found at a greater soil
depth. However, smaller averages were found in
most of the region, as indicated by the yellow-purple
colouring of the maps.
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Figure 13. Map of the average evaluation scores at a soil
depth of 0.00-0.30 m

In our opinion, it is appropriate to use the total
scores determined at the individual sites, as this
method of scoring could provide a theoretical basis
for evaluating the soil habitats. For both the 0.00-0.30
and 0.30-0.60 m soil depths, the soil habitats are
categorised into nine groups.

The maps in Figures 15 and 16 are the result of
the sum of all the scores that have been assigned to
the soil characteristics. It is, therefore, an aggre-
gate number that indicates the overall soil quality
in a given area. Figure 15 shows the most suitable
soils at a depth 0f 0.00-0.30 m from the surface. The
highest value is found in the east of the Central Bo-
hemian Region, especially in the Nymburk district.
Here, the best quality soils were found in terms of

B 20-215
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23-245

245-26
I 2-275
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32-335
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Figure 15. Map of the overall sum of points at a soil depth
of 0.00-0.30 m
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Figure 14. Map of the average evaluation scores at a soil
depth of 0.30-0.60 m

all the examined properties, which are marked in
light pink in the map. Most of the best quality sites
are located in the Polabska lowland. Another area
with high quality soils was recorded to the east of
the town of Mladd Boleslav. On the other hand, poor
quality soils were found on the northern outskirts of
Prague, near the town of Pfibram and in the central
area of the Benesov district.

Figure 16 shows the overall value of the soil at
a depth of 0.30—0.60 m. Again, the largest number of
sites with good quality soils was found in the Nym-
burk district. While, in the north of the district, the
soil quality decreases with the depth, in the south
of the district, it improves. The largest number of
sites with good quality soils is located on the border
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Figure 16. Map of the overall sum of points at a soil depth
of 0.30-0.60 m
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of the Nymburk and Kolin districts. In the Mlada
Boleslav region, there were less suitable sites, while
they were not found at all in the east. The only site
with the best quality soil was found in the west. In
comparison with the map in Figure 15, suitable soils
were also found in the Kutnd Hora region near the
town of Caslav. Unsuitable soils at this soil depth
are again found to the north of Prague, where the
area with unsuitable soils has expanded. In contrast,
near Pribram, the soil condition has improved, but
the soils in this area are still of a poor quality. In the
Benes$ov region, the soil quality has hardly changed
compared to the map in Figure 15. A new area of
poor quality has also been registered near the town
of Slany in the north of the region. Overall, however,
it can be summarised that the soils around Prague
and in the east of the Central Bohemian Region are
of better quality. This can be seen from the fact that
most of the areas marked in purple, indicating soils
close to the best quality, were recorded here.

DISCUSSION

This work was based on the soil quality indices
used in Drobnik (2019). This soil quality assessment
was referenced for consideration, but made use of
assessment systems that are available and applicable
to soils in the Czech Republic, which include the
URBAN Soil Management Strategy (SMS). For the
purposes of the work, a soil assessment system was
developed that works on a similar principle to that
developed by Kozadk and Galuskova (2010) and used
in the URBAN SMS project.

In Swiss research (Drobnik 2019), the Delphi ex-
ploration technique was used to identify the soil
functions that are the most important for the pro-
vision of ecosystem services. It was a two-round
questionnaire that collected the opinions of experts.
In our work, we did not use a questionnaire survey
because a selection of these functions was obtained
from the URBAN SMS project. Based on a workshop
attended by a number of experts in this project, the
opinions were successfully discussed, considered and
then successfully used in the Soil in the City project.

Our hypothesis that a combination of data on soil
characteristics, climate, land use and soil productive
capacity can be used as indicators of the soil produc-
tion and ecosystem services has been confirmed.

Unlike other studies conducted, a database was
used. The soils were divided by depth and then we
tried to trace any possible differences between these

depths. Some properties, which include, for example,
the nutrient content of the soil, can only be demon-
strated in the top layers and, therefore, the nutrient
content was not included in the work.

Jank et al. (2016) defined land take as one of the
main reasons for land loss in the Czech Republic.
The worst situation was recorded around the main
and other larger cities. In this work, a map was cre-
ated based on the soil sealing scores, which marks
the soil quality around soil probes with a diameter
of 100 m. The percentage of permanent impervious
soil cover was found in CORINE Land Cover 2018.
It was confirmed that the most developed areas are
found around cities. Interestingly, however, the situ-
ation around Prague is good and the soil sealing does
not exceed 25%. A worse situation was found in the
northern part of the Prague-East district only. Higher
percentages of built-up areas were recorded mainly
around the towns of Hofovice, Slany, Mnichovo
Hradisté and Benesov. However, these are not the
largest cities in the Czech Republic, so the claim
made in Janku et al. (2016) has not been proven.

It was found that the Central Bohemian Region
is very heterogeneous in terms of the soil quality.
A large difference is noticeable when comparing
the northern and southern half of the region. The
north and the north-east of the region have better
quality soils, with the best quality being recorded
particularly in the Polabska lowland area. In contrast,
the southern half of the county has soils of lower
quality, which is noticeable in almost all the maps of
the selected soil characteristics. This is mainly due
to the particular soil types that are most commonly
represented here. In the north and east of the county,
there is a large proportion of chernozem, which is
not found elsewhere in the county. The quality of the
soils is also reflected in the presence of Phaeozems
and Fluvisols, which are found here. In contrast, the
south and west of the county are mainly covered with
Cambisols, with other soil types being represented to
amuch lesser extent. At the same time, they are not
found in the same quantity as in the north and east.

One way of assessing soils is through soil scoring.
Josef Kopecky was the first to determine a credit
rating of arable soils in Czechoslovakia in 1931. He
included, in the rating table, the texture, skeleton,
humus content, calcium, iron and sodium content,
soil waterlogging, slope of the area, exposure of the
land and altitude (Kopecky 1931).

Dzatko et al. (1979) proposed another attempt
at a uniform assessment of the relative productive
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capacity of soils based on an evaluation of the then
existing knowledge of soil properties, soil-ecological
units and the interrelationships between the environ-
mental properties and the crop production intensity.
The soil-ecological unit groups were scored between
0 and 100 points. The authors included phaeozem,
their transitions to chernozems in the best climatic
regions, in the 1st soil-ecological unit group with
the relatively highest production capacity. They are
scored between 100 and 95. The last three rating
groups are scored between 20 and 1. These include
all soils on slopes above 12° and hydromorphic soils.

Masidt et al. (1985) introduced a scoring system
for the production potential of an “evaluated land
ecological unit” — or BPE]. This system is based on
the properties and characteristics of the soil and the
habitat. The calculation is given by the sum of the
points for the main soil unit (HPJ), texture, slope and
exposure of the land, type of skeleton and depth of the
soil profile, all multiplied by a climate region coef-
ficient in the range 0.6—1. The HP]J score represents
the point value for the soil (genetic type, subtype,
variety, water regime) together with the soil substrate.
The values are determined according to the relation-
ships between yields per hectare, complemented by
knowledge of the soil fertility and behaviour. The
production potential scores were ranked into ten
classes, with the highest scores (100-96) for highly
productive soils with stable yields, and the lowest
scores (< 10) for soils with an insignificant produc-
tion amount in group 10.

Masat et al. (1986) proposed criteria for selecting
the final variant of the score calculation. The aim
was to evaluate the ruggedness of the conditions
(agroecological complexity) of the cadastral terri-
tory as objectively as possible, so that the influence
of each factor is reflected in the overall score to the
extent that it actually contributes to the ruggedness
(agroecological complexity) of the territory. A total
of seven criteria were used, the main ones being the
slope, suitability of the BPE] (evaluated soil ecological
unit) sites to be integrated into continuous units, site
size, and the others being permanent the obstacles,
how boulder the site is, the accessibility for farming,
and the moisture conditions. This resulted in seven
categories according to altitude.

Novék et al. (1995) proposed a modified method-
ology for determining the point value of land in the
BPE] system. The formula already presented in the
paper (Masat et al. 1985) was used for the calculation
of the production potential score. The methodology
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proposes adjustments to the basic point value of the
BPE] for protected areas, for hydrosphere protection
zones, for erosion-prone soils, contaminated soils,
agricultural soils in areas designated for develop-
ment or in built-up areas, for degraded soils, soils
threatened by emissions and for soil podzolisation,
for drained soils, for irrigated soils, for terraced
soils, for anthropogenic and reclaimed soils. The
authors believe that this system can better express
the relational and absolute values of each BPE] than
the current BPE]J prices in CZK per 1 m? It is also
possible to express the price of 1 point, thus, obtain-
ing the price of a BPE], and it is possible to iden-
tify differences between the ‘natural’ point value
of a BPE]J and its point value affected by any of the
above interventions.

For the purpose of this work, the main physical,
chemical and hydropedological factors, as well as
environmental factors related to the soil probe sites,
were evaluated.

The most important result of this paper was the
scoring of each site, always in the vicinity of the
soil probes found in the database. This method of
evaluation can be the basis for a new way of evaluat-
ing the soil as a landscape element. The results of
this work may also serve in the future to refine the
criteria on the basis of which soils are divided into
soil protection classes.

CONCLUSION

The work dealt with a soil quality assessment in
the Central Bohemian Region and the soils’ ability
to provide ecosystem services. The method of the
average score and total score was chosen to assess
the quality at the soil probe sites. The soil proper-
ties at the individual sites were examined at depths
of 0-0.3 and 0.3-0.6 m from the surface. The most
valuable soils were located in the north-east of the
region, mainly in the Nymburk district, as well as
in parts of the Kolin and Mladd Boleslav districts.
There were differences between the two soil layers
studied, but nevertheless, the most valuable soils
occurred in identical locations.

At the beginning of this work, a hypothesis was
defined which stated that diverse information about
soils and a given area can be used as indicators of the
productive and ecological services of soils. The results
of this work confirmed this hypothesis. The aim of
this work was to evaluate soil quality data, and these
data were used to evaluate the ecosystem services.
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This work provided evidence that can be used in
the future to adjust the criteria by which soils are
classified into soil protection classes. The results
of this work could help to develop a new soil rating
that takes changes in climate and natural conditions
into account. Currently, the Czech Republic is facing
a lack of moisture, which is exacerbated by inap-
propriate soil management. As a result of the work,
the most valuable soils were identified as sites that
should be subject to the most stringent protection
protocols and, therefore, should not be removed
from the agricultural land fund.

The experience of this work will be used for the
development of a new method that will be suitable
for an evaluation for the whole territory of the Czech
Republic.
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