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Abstract: The creation of the database system represents a complex task which is difficult to coordinate. In this work, 
a method of the logic framework was used for the coordination of each particular step to one integral part. In the Czech 
Republic, most of the information about soil was gathered within a systematic soil survey (KPP) in the period 1961–1970. 
Information about genetic and agronomic characteristics of agricultural soils was gathered for the whole Czech Repub-
lic. The other part of the data is coming from the databases of  forest soils. This contribution is a continuation of the 
previous research. We are aware of the fact that in the Czech Republic exist also other soil information systems. In this 
work we also tried to show the practical exploitation of the large soil database. We applied many approaches to assess 
bulk density of the soil. It was calculated for the main soil groups and it could be applied on every soil profile in PUGIS 
system. We also showed different possibilities of mapping soil organic concentration or amount in soils.
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The database system is usually presented as a form 
of data processing system that includes data in a database 
and a database management system. Typically, this term 
is used to encapsulate a data model (Bureš 2014). Singh 
(2011) reports that the Database Management System 
is a generalized software tool for data manipulation. 
Basically, it presents a computer system for data.

Soil information systems. Soil is an essential part 
of the biosphere, which requires a global approach 
(Panagos et al. 2012). Soil information is needed 

to handle a number of global environmental problems. 
These problems can be: food self-sufficiency issues, 
soil degradation, lack of water resources and, last 
but not least, climate changes (Batjes 2016). Public 
awareness has increased interest in soil protection 
in recent years and has also been focused on the eco-
nomic and ecological values of this natural resource 
(Wesselink et al. 2006). In the field of soil protection, 
the emphasis is placed on the creation of database 
systems (Panagos et al. 2012).
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Geodatabase. Geographic information systems 
(GIS) are often used to store spatial data and organise 
them into geodatabases with usage layer approaches 
(Machalová 2007). A geodatabase can be understood 
as a spatial data store in a database system. This 
complex can contain a  large array of vector and 
raster data, tables, and other objects (Shah 2004). 
The geodatabases themselves use an object-related 
vector data model (Ježek 2005).

National geodatabase. Within the European Union 
are organized initiatives/programs aimed at obtaining 
data such as data on soil (Eurosoil 2012). An example 
of this is the EU ENVASSO project (ENVASSO 2016), 
part of which is the SoDa soil database. SoDa was created 
on the basis of international cooperation (SoDa 2016). 
SoDa is a useful tool for integrated data management 
(soil profile, analytical and map data) (Baritz et al. 2008).

Most of currently proposed soil databases are de-
signed to be used for international monitoring and 
integrate data quality control mechanisms (Lacarce 
et al. 2009). For example, the Harmonized World 
Soil Database (HWSD) combines information from 
regional and national levels with information which 
is already part of the FAO-UNESCO-based Digital 
Soil Map of the World (FAO-SOILS PORTAL 2016).

As an example, may be mentioned the European 
soils database v2.0 (ESDB) which includes 73 basic 
or derived spatial attributes (Tóth et al. 2013).

The e-Soter project is another initiative in the 
field of soil data processing. The e-Soter project uses 
global soil and terrain databases to manage data. The 
project itself includes data collection in connection 
with previous projects such as ENVASSO and the use 
of data from remote sensing, data transformation, 
data management and data delivery via web services. 
The authors present the functions and development 
stages of soil information systems.

Pillar Four represents also the worldwide key initia-
tive for soil data management. Pillar Four includes 
among other things feasibility and usability of global 
soil information systems (Yemefack et al. 2016).

An example of a global database is also the ISRIC-
WISE - Global Soil Profile Data (Ver. 3.1) which 
collects data from selected locations, approximately 
10 250 profiles from 149 countries (ISRIC-WISE 
2016). Another initiative of the European Commis-
sion is the creation and support of the Geographical 
Information System of the Commission (GISCO), 
which is a permanent service of Eurostat. One of the 
main aims of GISCO is cooperation in the field of ini-
tiatives for the creation of geographic information 

infrastructure at European level – INSPIRE support 
(GISCO 2016). At the European level has been created 
LUCAS system that carries out survey data to provide 
coherent and harmonized statistics on land use and 
land cover within the European Union. This system 
represents a key part of European in-situ data col-
lection (LUCAS 2016).

National application. Number of countries have 
developed national information systems according 
to the requirements of the European Union (EU). 
This approach can be demonstrated in examples 
of national soil information systems such as Austrian 
BORIS (BORIS 2016), French DONESOL (DONESOL 
2016), German FISBo (FISBo 2016), ISIS (ISIS 2016), 
Czech SOWAC (VÚMOP 2016) and Land Information 
System of England and the Wels LandIS (Hallett et 
al. 2017), INFOSOLO (Ramos et al. 2017). There can 
be found examples of land-based information systems 
outside of the EU such as the Canadian CanSIS (Can-
SIS 2016) and ASRIS (ASRIS 2016) at the same time.

Among the geoportals dealing with soil, water 
and landscape protection in the Czech Republic 
can be mentioned SOWAC-GIS. This geoportal 
provides information such as digital maps, special-
ized map applications. Erosion monitoring web 
portal of arable land represents joint project of The 
State Land Office (Státní pozemkový úřad, SPÚ) 
and Research Institute of Soil Monitoring and Soil 
Protection (VÚMOP, v.v.i.). This portal is used for 
report on soils, record and evaluate individual ero-
sion events. Another information system focused 
on soil information in the Czech Republic is PUGIS 
(Czech University of Life Sciences, CULS). It rep-
resents a soil information system that includes 
digitized soil maps (in 1 : 1 000 000, 1 : 500 000, 
1 : 200 000 and 1 : 250 000), soil profile attributes, 
information on geomorphology, climate, vegetation, 
geology, maps of some soil properties such as humus 
content, soil texture, soil chemical properties (FAO 
1999; Němeček 2000).

Requirements on soil information system. Type 
and quality of soil information depend on the purpose 
for which the data are obtained as shown for example 
by Hengl et al. (2007). Currently exist a wide range 
of monitoring techniques including non-destructive 
sampling methods: remote sensing and automatic 
sampling. These techniques generate a high density 
of digital soil information. Their new appropriate 
geographic processing and assessment techniques 
are important in soil management (Lagacherie & 
McBratney 2006).
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Yemefack et al. (2016) in their work emphasize 
that national information systems are an important 
mediator of providing digital information about the 
land from national to global soil information systems. 
According to this work data from different information 
providers need carefully planning, ensuring harmoni-
zation and synergy between systems and information.

The Global Soil Partnership (GSP) organized by FAO 
project has designed a framework for data collection 
and soil mapping in a global scale. The main points 
are the efforts to standardize, harmonize data col-
lection and soil mapping methodology which will 
be include raster and polygon digital map data into 
one integral framework (Zucca et al. 2013).

Structure and architecture of soil information 
system. Baritz et al. (2008) point out that the structure 
of their own database (or data model) is the second 
most important thing in the development of a soil 
database after data communication rules and proce-
dures. For the pilot area authors have programmed the 
database in MS Access environment. The web-based 
database system and service have been made available 
on an XML basis. Database tables for the properties 
of all elements in the database were easily query-
able using SQL statements can be change according 
to individual criteria. Dupree and Crowfoot (2012) 
used for database environment GIS from Environmen-
tal Science Research Institute (ESRI). For example, 
Skalský (2008), in his work, highlights the purpose 
of digitization. That means transferring outputs KPP 
– a systematic survey of soil (data in paper forms) 
into machine-readable form. It is helpful to keep the 
original information value for re-usage of KPP data 
(Skalský 2008). There are problems associated with 
the transition from conventional soil survey to digital 
soil mapping, such as coarse resolution and small 
scale of variability (Lagacherie & McBratney 2006). 
Kozák and Borůvka (2013) also mentioned that the 
digitization of classical soil maps and the use of so-
called “legacy” data brings some problems. Borůvka 
et al. (2002) presented new approaches for the use 
of data from surveys already done.

Usage of the soil information system. Accord-
ing to the European Commission the construction 
of harmonized soil information systems will provide 
benefits as: monitoring soil threats, public awareness 
and last but not least the benefits to future genera-
tions (European Commission 2006). The model for 
prediction of soil properties which was created by de 
Carvalho et al. (2014) involves a multi-linear regres-
sion (MLR) and common kriging and co-kriging.

In recent years, the amount of available and relevant 
soil data has increased, especially in connection with 
the development of pedotransfer functions. These 
functions help to complete the missing information 
(Zucca et al. 2013). Among the methods that can 
be used for “fitting” quantitative relations between 
soil characteristics and their “environment” are gen-
eralized linear models, classification and regression 
trees, neural networks, fuzzy systems and other geo-
statistical methods. Pedometric methods can be used 
not only to predict the missing data with the deter-
mination of accuracy of estimation. There is a rapid 
increase in the use of these methods because they 
allow predict data without costly techniques. They 
are highlighted primarily for their time and financial 
no difficulty (McBratney et al. 2003). For example, 
Balkovič et al. (2013) tested the usage of a formal 
approach to digital soil mapping, including fuzzy 
k-means and regression kriging. Odgers et al. (2014) 
utilized the classification tree method for spatial 
disaggregation and the classification of  informa-
tion into individual soil classes. Kollias and Voliotis 
(1991) say that the fuzzy relational database model 
has all the benefits of more conventional relational 
implementations. Yigini and Panagos (2016) used 
data from the LUCAS soil database when estimat-
ed the organic carbon stock in the soil. In the first 
phase of the study, they estimated the current stock 
of organic carbon through multiple regression and 
common kriging. In the second phase of the study, 
they predicted the organic carbon stock for 2050 
using a set of environmental predictors. 

Kodešová et al. (2011) used data from the Czech 
soil information system PUGIS and pedotransfer 
rules for assessing the mobility of pesticides in soils. 
Penížek and Borůvka (2004) successfully used the 
data from the soil survey in a database for data pro-
cessing of the classical soil survey by geostatistical 
methods. Zádorová et al. (2011) used in their study 
a combination of data from a field survey, morpho-
metric analysis, statistical methods for the delineation 
of koluvizem (coluvisol).

MATERIAL AND METHODS

Study area. The data in this work covers the terri-
tory of the whole Czech Republic. The climate in the 
Czech Republic is moderate and can be characterized 
by mutual penetration and mixing of oceanic and 
continental influences. The climate is characterized 
by the prevalence of western winds, intense cyclone 
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activity and relatively high precipitation. Great in-
fluence on the climate of the Czech Republic has 
altitude and relief. Of the total area of the state ter-
ritory, 52.817 km2 (66.97%) are located at an altitude 
of 500 m, 25.222 km2 (31.98%) at an altitude from 
500 to 1 000 m, and only 827 km2 (1.05%) height above 
1 000 m. The average altitude of the Czech Republic 
is 430 m. The average annual air temperature in the 
Czech Republic ranges from 5.5 to 9 °C, with the 
warmest areas lowlands and the coldest mountain 
areas. Air temperature generally decreases with in-
creasing altitude – on average about 0.6 °C per 100 m.

Project management. The creation of the database 
system represents a complex task which is difficult 
to co-ordinate. In this work was used method of logic 
framework for coordination each particular step 
to one integral part. This method can be used to de-
termine the project parameters themselves (Doležal 
et al. 2016). The logical framework is a planning and 
communication tool and represents culture of plan-
ning management (Hrazdilová Bočková 2016).

Origin of soil data. In the Czech Republic, most 
of the information about soil was gathered within 
a systematic soil survey (KPP) in the period 1961–1970. 
A large part of the data in PUGIS comes from KPP. In-
formation about genetic and agronomic characteristics 
of agricultural soils was gathered for the whole Czech 
Republic. About 800 000 soil probes were excavated 
during this period and more than 2 000 000 soil sam-
ples were taken at the same time. For the needs of the 
survey have been created original reports, basic soil 
maps, cartograms of texture, stonenies and wetlands, 
as well as cartograms for the purpose of increasing soil 
fertility. All materials were processed for agricultural 
enterprises at a scale of 1 : 5 000 or 1 : 10 000 and were 
supplemented with original report. Agricultural land 
represented 56.7% and forest represented 33.1% of the 
total area of the Czech Republic when the KPP was 
done (Smolíková et al. 2014).

Data has been recorded in MS Excel sheets and 
partially processed in MS Access. The classification 
selection of soil profiles in several soil taxonomic 
systems was performed (Němeček et al. 2011). The 
database is currently used for internal data man-
agement. This data is being used as a link with the 
requirements of practice and to represent the Czech 
Republic on an international level. For examples: 
Atlas of Europe, Flissod, eSoter, etc. The first at-
tempt to create a geographic soil database in the 
Czech Republic was Atlas Soil of the Czech Republic 
(Kozák et al. 2009).

RESULTS AND DISCUSSION

Editing and adding data to the soil database. Data 
in PUGIS Information® were completed in coopera-
tion with the various competent organizations. Infor-
mation about forest soils was added in cooperation 
with the Institute for Forest Management (ÚHUL), 
and information about the organic carbon content was 
added with the contribution of the Central Institute 
for Supervising and Testing in Agriculture (ÚKZÚZ). 
Furthermore, the database was supplemented by data 
from the Czech-German project (INTERREG 2008) 
and, as a result, a soil survey of forest soils Neuder-
tova Helebrantova et al. (2024).

PUGIS Information® was completed with climatic data 
(precipitation and temperature) – data were calculated 
as monthly simple averages from daily measurements 
since 1960 by Czech Hydrometeorological Institute. 

Land use was supplemented by information from 
CORINE 2012 and 2018 (the most detailed available 
code). In the case of the presence of two land uses 
or more for one soil pit, a five-meter diameter area was 
considered most frequently used in the surroundings 
of the soil pit. This data was recorded into PUGIS 
Information®.

The texture of soil, texture classes, were recalculated 
from existing data (mainly from KPP) from classes 
0.01 mm to classes 0.02 mm using the texture curve for 
recalculation. Graphical representation of each fraction 
was also added using the triangle diagram of fractions.

Information about hydromorphism and parent mate-
rial was taken from the Soil Atlas of the Czech Republic 
(Kozák et al. 2009). Relief information (altitude, con-
straint) was added from State Administration of Land 
Surveying and Cadastre – map sheet SM 5 (2.5 × 2 km) 
(Digital Relief Model of 5th Generation (DMR 5G).

Within PUGIS Information System was also re-
calculated pHH2O to pHCaCl2. The following relation-
ship was used according to methodology (VÚMOP): 
pHCaCl2 = 1.053 × (pHH2O) – 0.683. Cox values and 
humus content are in PUGIS Information® within 
selected district pits from the KPP. Missing Cox 
(oxidizable carbon) values were calculated by Welte 
coefficient: % humus content = Cox × 1.724.

Statistical evaluation of data. Selected data within 
the PUGIS were statistically evaluated using program 
Statistica (Ver. 12, 2016) and were processed in own 
interface of PUGIS programmed within HV-Map 
(Hydrosoft Praha).

Use of soil database data for practical implemen-
tation. Data from PUGIS Information® can be used 
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primarily for (Kozák et al. 1996): prediction of or-
ganic carbon content (Yigini & Panagos 2016), the 
derivation of parameters for the Revised Universal 
Soil Loss Equation (RUSLE) (Panagos et al. 2015), 
soil protection against soil sealing, estimation of soil 
depth and estimation of potential compaction.

We applied the statistical evaluation of the database 
of PUGIS, for example, on the assessment of bulk 
density values for the soil. There is generally a lack 
of data on bulk density. Therefore, we applied the 
approach suggested in FAO cookbook (FAO 2018).

The PUGIS (Figure 1) has been proposed as part 
of this work according publication Singh (2011).

In the PUGIS database are currently incorporated 
the following numbers of soil pits: S_pits (fully ana-
lysed for all the soil characteristics from the point 
of view of soil chemistry and soil physics and min-
eralogy) 932, altogether 3 901 pits on agricultural 
soils and 8 665 soil pits on the forest soils.

Intuitive PUGIS users’ interface is shown in Fig-
ures 2 and 3. The main agenda of PUGIS is shown 
in Table 1.

Figure 1. The scheme of PUGIS (modified scheme of Singh 
2011)

Figure 3. Soil pits on forest soils

Figure 2. Soil pits on agricultural soils

https://www.agriculturejournals.cz/web/swr/
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For a better understanding of the PUGIS functions 
(Table 2), the interactive screenprints of some PUGIS 
features are shown in Figures 4–8.

Each soil horizon is accompanied by data on chemi-
cal and physical characteristics.

The data in Table 3 represent the results of standard 
deviation for calculation of soil bulk density accord-
ing to the suggested procedures by seven authors 
published in the FAO cookbook (FAO 2018). In the 
last column there are abbreviations of the names 
of the authors whose procedure was found to be the 

most suitable – giving the lowest value of standard 
deviation. The results are also shown in Figure 9.

For the use of the presented result, it could be rec-
ommended to use the method of calculation with the 
lowest standard deviation. We consider his approach 
as very useful. We exploited for that calculation all the 
data on bulk density available in the PUGIS database. 

Another example of practical use are the data on soil 
organic matter. It could be expressed both as its con-
centration (percentage) and as a Cox or humus content 
in the whole soil profile per some territory (usually 

Table 1. The main agenda of PUGIS

Agenda PUGIS function Mandatory function 
parameters

DP derivation of soil pit belonging to part of the soil block soil pit coordinates

CORINE
derivation of the soil pit’s affiliation to the land use 
polygon; determining the proportion of selected surface 
types in the circular distance from the soil pit

soil pit coordinates

Soil Map 1 : 250 000 derivation of soil pit affiliation to map polygon soil pit coordinates
RVK (water retention capacity) derivation of RVK value for soil pits soil pit coordinates
Climatic regions derivation of soil pit affiliation to a polygon soil pit coordinates
Regional division of the relief derivation of soil pit affiliation to a polygon soil pit coordinates
Agroclimatic regions derivation of soil pit affiliation to a polygon soil pit coordinates
BPEJ (evaluated soil-ecological units) derivation of soil pit affiliation to a polygon soil pit coordinates
Geomorphology derivation of soil pit affiliation to a polygon soil pit coordinates

Soil classification tools classification based on the percentage of sand, silt and clay; 
USDA and FAO triangle diagrams; fine soil – Novák texture

Agenda PUGIS function
Pedotransfer functions Mutual conversions

Pedotransfer functions calculation of bulk density based on the procedure proposed by FAO cookbook 
(FAO 2018)

DPB

parts of soil blocks from the LPIS database; aggregated database of soil blocks for 
individual years; basic parameters are available for each part of the land block: 
area, average elevation, slope, orientation, predominant BPEJ (if established),  
current culture, organic farming regime, erosion risk and geometry

CORINE GIS layers of land cover (land use) with regular updates once every 6 years (EPA 2018)
Soil Map 1:250 000 soil map 1 : 250,000, classification according to TKSP, WRB and soil-forming substrates
RVK map of water retention capacity
Climatic regions map of climatic regions
Regional division of the relief provinces, systems, regions
Agroclimatic regions macro areas, areas, districts
BPEJ (evaluated soil-ecological unit) map of classified soil units
Geomorphology geomorphological map from the soil atlas
Soil classification tools soil classification according to USDA, FAO; classification of soils according to Novák
Pedotransfer functions conversion of pH H2O, CaCl2 and KCl

Pedotransfer functions for determining bulk density based on the content of organic material in the soil 
(FAO 2018)

DP – parts of soil cover in Czech; DPB – parts of soil blocs in Czech; Novák (Valla et al. 2000)

https://www.agriculturejournals.cz/web/swr/
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in tones per hectare). FAO constructed a world map 
of humus content in soils. We contributed by the data 
of the Czech Republic compiling the data of humus 
content for the depth 0–30 cm and 30–60 cm. It was 
evaluated in the GIS system, and appropriate maps were 
derived. In the Figure 10 is shown the map of humus 
content in the Czech soils (depth 0–30 cm) expressed 
in tons per hectare of soil organic carbon.

There were also prepared the other maps of soil 
organic matter concentration. In Figures 11 and 12, 

there are shown the concentration of the soil organic 
matter, in this case, in the form of Cox. In this case, 
it  is shown only a part of our territory (maps are 
available also for the whole territory of the Czech 
Republic).

The soil information system PUGIS contains, as it 
is apparent from Table 1, also many maps. We are 
giving some examples. In Figure 13 is shown a part 
of the map of classification of the land cover taken 
from the CORINE system in version 2018. The data 
from this system were widely used for interpretation 
of research results, mainly in the case of soil quality 
evaluation.

In Figure 14 is presented a part of the soil map 
of the Czech Republic 1 : 1 000 000. This map was 
prepared in digitized form as a contribution to soil 
map of Europe.

Very useful is the digitized soil map of the Czech 
Republic at a scale of 1 : 250 000, which is shown 
in Figure 15.

This map is widely used in research as well as for 
practical purposes. It may be combined with other 
maps like map of soil forming substrates, pedoclimatic 
regions, land use and geomorphology. For better 
orientation and location of map polygons it is also 
combined with road map.

We found also as a very useful the maps of soil 
evaluation (soil bonity) and maps of soil hydromorphic 
development and other practical soil characteristics 
which may be derived from the database of system 
PUGIS.

This contribution is a continuation of the previous 
research published by Němeček (1986) and Kozák et al. 
(1996). We know that in the Czech Republic there exist 
also other soil information systems. The situation was 
in detail described by Borůvka et al. (2018). We hope 

Table 2. PUGIS features

Tools

Soil texture classification USDA
Soil texture classification FAO
Soil texture classification Novák
Recalculation

Soil classification

Classification TKSP
Classification MKSP
Classification WRB
Humus forms
Diagnostical horizons
Soil substrate
Soil units

Horizons

Colour
Texture
Consistency
Grain distribution curve
Analytics and chemistry

Classification
Taxonomic system
Morphogenetic system
WRB

TKSP – taxonomic soil classification system in Czech; 
MKSP– morphogenetic classification system of soils in Czech; 
WRB – World Reference Base (FAO IUSS); Novák (Valla et al. 2000)

Figure 4. PUGIS interface: 
soil maps, relief and climate

Soil maps Relief and climate

•   Soil map of the Czech Republic 1:250 000
•   Soil map of the Czech Republic 1:500 000
•   Soil map of the Czech Republic 1:1 000 000
•   Map of soil-forming substrates

•   Climatic regions
•   Agroclimatic areas
•   Regional division of the relief
•   Typological division of the relief
•   Height division of the relief
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Figure 8. PUGIS interface: 
soil classification

Figure 5. PUGIS interface: 
geomorphology and land cover

Figure 6. PUGIS interface: 
classification

Figure 7. PUGIS interface: 
horizons
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Figure 9. Statistical evaluation of bulk densities assessment for Chernosols (A), Cambisols (B), Fluvisols (C), Leptosols (D), 
Luvisols (E), Vertisols (F), Glejsols (G), Stagnosols (H), Podzols (I) and Regosols (J)
STDEV – standard deviations (the block of letters reffers to the abreviation of the name of the author which equation was 
considered give the best resuls (FAO 2018)); for details see Table 3
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Figure 10. The map of  humus content 
in Czech soils in the depth 0–30 cm

Figure 11. The concentration of oxi-
dizable carbon (Cox) in  the Czech 
soils in the depth 0–30 cm

Figure 12. The concentration of oxidi-
zable carbon (Cox) in the Czech soils 
in the depth 30–60 cm
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Figure 13. The map of CORINE system for the Czech Republic

Figure 15. The soil map of the Czech Republic at scale 1 : 250 000

Figure 14. A part of the soil map of the Czech Republic 1 : 1 000 000
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for future cooperation of all the system and merge 
of it in one powerful system.

CONCLUSION

The new version of the soil information system of the 
Czech Republic PUGIS was introduced. In relatively 
large introduction we tried to describe the current 
situation in this branch of soil science. It was proved 
that this soil database could be successfully exploited 
for application pedotransfer functions to calculate 
missing data, in this case bulk densities of soils.

We also presented some soil map both placed into 
PUGIS or derived from the data in it. The system 
is based mainly on legacy data, but it  is open for 
enlargement by new data gained in soil survey and 
soil research.
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