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Abstract
The paper evaluates black soils (especially Chernozems) in the Danubian Lowland in terms of their occurrence, 

mineralogical composition, basic soil properties, soil genesis and classification. The evaluation of black soil is based 
on the results of the General Survey of Agricultural Soils from the 1960s, the results of which (maps and databases) 
were processed by the latest digital information and communication technologies. The paper analyses and supple-
ments the more detailed characteristics of the Žitný ostrov area soils, especially Chernozems, but also touches on 
other related soil types. A detailed field survey of Chernozems, including specific analytical measurements, allowed 
us to deepen the knowledge and identify differences or similarities of soil types (physical-chemical and micromor-
phological differences). Attention is mainly paid to the separation of the facies of mycelial carbonate Chernozems 
of the Danubian Lowland, which are unique in current soil and climatic conditions. A distinctive feature of all my-
celial carbonate Chernozems is the presence of a zone of needle calcite (lublinite). In addition to illite, these soils 
are characterized by a high chlorite content. It has been found that the carbonates of the alluvial deposits of Žitný 
ostrov, as well as the lower Váh valley, as well as the loess of the Trnava Uplands consist not only of calcite (CaCO3), 
but also of dolomite (CaMg(CO3)2). Both minerals dominate the clay fraction of all, but especially in Chernozemic 
soils. The genesis of the soils is supported by micromorphological characteristics, pointing primarily to the paleo-
hydromorphic character of the Žitný ostrov soils. Hydromorphic and saline soils, which are part of the Danube 
Lowland, are also marginally mentioned. Soil classification is based on the morphogenetic principle applied in the 
Morphogenetic Soil Classification System of Slovakia and compared with the current development of the classific-
ation of black soils in the world (FAO International Black Soil Network, World Reference Base for Soil Resources).

Keywords: black soils, Chernozem, Danubian Lowland, Žitný ostrov area, micromorphology genesis, paleo-
hydromorphism

INTRODUCTION

Chernozems are considered typical soils of continental steppes, yet they occur in many areas of Central 
Europe, where the climate and especially the Quaternary loess substrates are suitable for the develop-
ment of Chernozem soil type and the growth of forest-steppe vegetation. Areas of Central Europe have 
been under intense anthropogenic influence since the Neolithic. Most of the currently studied Cher-
nozems were previously covered by grasslands, but some of them also existed under forests Strouhalová 
et al. (2019). Landscape management is a key factor in the pedogenesis of Chernozems in Central Europe 
since the Neolithic. Therefore, it is inappropriate to attribute the development of these soils to only one 
scenario or to consider the presence of Chernozems as undoubted evidence of continuous grasslands in 
the Holocene (Strouhalová et al. 2020).

The environmental conditions of the development of Chernozems in Central Europe have not been 

Pedosphere Research, vol. 5, 2025, no. 2: 113 – 132

Review



114

satisfactorily explained. Previous research has identified changes in vegetation from grassland to forest 
vegetation and vice versa. These changes bring new data to the discussion of pedogenesis of Chernozems. 
Vysloužilová et al. (2014) concluded, for example, that the presence of significantly different soil types on 
a small scale is caused by intensive agriculture. According to radiocarbon dating, buried soils developed 
and were preserved not only in the Preboreal and Boreal, but also in the later phases of the Holocene 
(Vysloužilová et al. 2014, 2015).

International Black Soils Network
The international soil science community is aware of the importance of black soils, which belong 

among the most fertile agricultural soils with the highest production potential FAO (2022). With the 
support of FAO, the International Network of Black Soils (INBS) was established within the Global Soil 
Partnership (GPS) with the aim of protecting black humus soils for agricultural production worldwide. 
Slovakia belongs to the group of countries that have a significant area of   black soils more than 5% of the 
agricultural land (the limit). Their practical protection requires an adequate knowledge base, the creation 
of which is the task of soil science research. In the past, considerable attention was paid to the research 
of dark soils, especially Chernozems and Phaeozems, but currently there is a need to revise older 
knowledge and update it for the current needs of protecting dark soils.

“Black soils” is a term used in some national soil classification systems and can encompass very diffe-
rent soil types. These soils are classified in various ways, e.g. according to the USDA Soil Taxonomy, 
black soils correspond to Mollisols (Soil Survey Staff 2014) and in the WRB system (IUSS Working 
Group WRB 2022) black soils are represented by Chernozems, Castanozems and Phaeozems. In some 
countries, e.g. in India, they are classified as Vertisols (Roy & Barde 1962). They are generally charac-
terized by a high organic matter content and its good quality and stability (e.g. in China, the organic 
matter content reaches 6–8%) (Wen & Liang 2001). Dark soils of predominantly Chernozem type (for-
ming in conditions of forestless grassland ecosystems, which are widespread in the Eastern European 
and Central Asian steppes, North American prairies and South American pampas) usually do not 
reach such values but also have high contents (2-4%) of mature and stable dark organic matter FAO 
(2022).

Definition of dark soils
Black soils (in the SK connotation dark soils, FAO 2022) are mineral soils with a black surface horizon 

enriched in organic carbon, which is at least 25 cm deep. Two categories of black soils are distinguished.
1. category of dark (black) soils (the most vulnerable and endangered, requiring the highest level of 

protection at the global level) having all five of the following characteristics:
• presence of black or very dark surface horizons, typically with Chroma ≤ 3 when wet, Value ≤ 3 

when wet and ≤ 5 when dry (Munsell Colour Chart);
• total thickness of dark surface horizons ≥ 25 cm;
• organic carbon content in the upper 25 cm of dark horizons ≥ 1.2% (or ≥ 0.6% for tropical areas) 

and ≤ 20%; 
• CEC in dark surface horizons ≥25 cmol/kg; and 
• base saturation in dark surface horizons is ≥ 50%.

Most, but not all, dark soils of category 1 have a well-developed granular or fine subangular structure 
and high aggregate stability in the black surface horizons,

2. category dark soils (mostly threatened at national level) are those that have all three of the following 
characteristics:
• the presence of dark or very dark surface horizons, typically with Chroma ≤ 3 when wet, Value ≤ 

3 when wet and ≤ 5 when dry (Munsell Colour Chart);
• a total thickness of dark surface horizons ≥ 25 cm;
• an organic carbon content in the upper 25 cm of dark horizons ≥ 1.2% (or ≥ 0.6% for tropical 

areas) and ≤ 20%.
According to a preliminary FAO analysis, 62 countries in the world have more than 5% black soils. As 
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for the EU, they are mainly found in Bulgaria, the Czech Republic, Hungary, Romania and Slovakia 
(Kobza & Pálka 2017, Kobza & Pálka 2022a, b).

Most, but not all, dark Category 1 soils have a well-developed granular or fine subangular structure and 
high aggregate stability in the black surface horizons,

Dark soils in Slovakia
According to the INBS criteria, black soils in Slovakia are represented mainly by Chernozems and Pha-

eozems (IUSS Working Group WRB 2014). Indicators of dark soils outside the INBS FAO criteria are the 
existence of a mollic horizon, but the depth of the mollic horizon is less than 25 cm, where the soil 
properties are practically the same as in dark soils according to the INBS criteria (represented by Cher-
nozems and Phaeozems).

In Slovakia, Chernozem soils are distinguished by the presence of a coarse dark or very dark, humus-
rich, well-structured surface horizon with a saturated sorption complex and accumulations of secondary 
carbonates in the soil profile. In Central Europe, these soils occur in various forms, depending on cli-
matic conditions, location in the landscape, moisture regime, land use and intensity of erosion/accumu-
lation. Similarly, Phaeozems have a dark surface, sorption-saturated horizon, but part of the soil profile 
shows signs of hydromorphic features. Typical Chernozems, correlated with carbonate or haplic Cher-
nozems, are included in the national soil classifications of Poland, Slovakia and Hungary and in the WRB 
2022 (IUSS Working Group WRB 2022). Chernozem soils at various stages of their transformation are 
classified as Chernozems, Phaeozems or Castanozems, with the corresponding qualifiers, e.g. cambic, 
luvic, salic/protosalic, sodic/protosodic, etc. Some ancient Chernozems affected by erosion may still 
meet the criteria for Chernozems, but they are commonly shifted to Calcisols (Kabala et al. 2019). Soils 
agglomerated with colluvial admixtures may also retain their initial classification as Chernozems and 
acquire the additional qualifier colluvial.

The problem with the classification of the mollic soil group in the WRB 2014 and the 2015 update (IUSS 
Working Group WRB 2014) is primarily the selected diagnostic criteria, which do not reflect the essence 
of the diversity and exclusivity of the three RSGs being compared (Chernozem, Katanozems and Phae-
ozem) (Juráni, Dlapa, Hrabovský 2018). The use of this approach classifies most Slovak Chernozems as 
Kastanozems. In addition, the entire system lacks the characteristic of the soil moisture regime, which 
should be an integral part of the soil characteristics and at the same time a criterion for differentiating 
individual RSGs (Chernozem, Phaeozem and Kastanozem) from each other.

Similar discrepancies are recorded in the southern Ocko-Don Lowland (Smirnova et al. 2025), where 
Chernozems cover 80–90% of the area according to the WRB, while the Russian classification assigns 
only 65%   of the area to Chernozems. The correlation of soil names at the soil type level between the Rus-
sia and WRB classifications leads to the loss of crucial information regarding the thickness of the humus 
horizon and the organic carbon content.

Dark soils in Slovakia can be divided into two main groups, the first consists of Chernozems determi-
ned according to INBS criteria with a total area of   93,655 ha (2.1% of soil cover) (Kobza & Pálka 2020). 
The second group consists of Chernozems outside the INBS criteria with a total area of   381,950 ha (8.7% 
of soil cover) (represented mainly by Chernozems and Phaeozems). It can be said that the soil properties 
of both groups are very similar, only in the second group of Chernozems there is at least one parameter 
outside the INBS criteria (humus horizon A is shallower than 25 cm and/or SOC content is slightly lower 
than 2% as well as the occurrence of hydromorphic features).

The aim of the work is to analyse and evaluate the properties and genesis of Chernozems in the territory 
of Slovakia in connection with the current development of Chernozem soils presented in national and 
world classification systems. Detailed materials from the General Survey of Agricultural Soils were selec-
ted as supporting documents, i.e. databases of basic and selected soil probes, descriptions of soil profiles 
and accompanying reports. The carbonate content of current black soils, especially on Žitný ostrov, and 
their significance for further pedogenetic development were highlighted.

Pedosphere Research, vol. 5, 2025, no. 2: 113 – 132

Review



116

MATERIAL A METHODS

The basis for the assessment of Chernozems in Slovakia are the results of the General Survey of Agri-
cultural Soils (KPP). It was a large-scale survey of all agricultural soils in the former Czechoslovakia, 
which became the basis for modern soil assessment (Němeček et al. 1997). Field surveys and subsequent 
analyses of soil samples were later processed using the latest digital technologies to create the Soil Infor-
mation System (Linkeš, Poliak, Krieková 1984, Linkeš et al. 1988). Although these are older data, proces-
sing a huge number of databases with modern techniques allows us to deepen and provide new analytical 
and synthetic knowledge about agricultural soils in Slovakia (Skalský & Vopravil 2014). The databases 
have provided a number of application results, e.g. Sobocká et al. (2021) solved the delimitation of areas 
with natural constrains for Slovakia within the framework of the Common Agricultural Policy through 
the KPP databases. The databases are still used today for various application outputs. Currently, concepts 
for classifying black soil into a classification system are being addressed, which have their history in seve-
ral editions of classification systems in Slovakia (VÚPOP, Societas pedologica slovaca 2000, Societas pe-
dologica slovaca, NPPC – VÚPOP 2014). In relation to international classifications, the possibility of 
comparing Slovak dark soil with world classification systems has been revealed (Fulajtár & Saksa 2018, 
FAO 2022, IUSS Working Group WRB 2014 update 2015, 2022). 

Soil Portal was created on the website of the Soil Science and Conservation Research Institute of www.
podnemapy.sk. This product currently has 35 functional applications for the public and is highly appre-
ciated and used by the scientific, academic and lay public. It provides spatial data at medium to large 
scales. Some applications allow spatial resolution up to the level of the so-called land plot (the basic spa-
tial unit of the LPIS, which is used in the processing of EU agricultural subsidies, and corresponds to 
individual blocks).

To understand the processes of pedogenesis, we based ourselves on the work of Hraško (1960, 1964a) 
who, together with field research and pedological analyses, characterized the soil cover of loess hills 
based on the concept of the so-called soil catena, or soil toposequence or soil microrelief. The author 
found out that the current Chernozem can also be formed by retrograde soil development, which inclu-
des vegetation shift, erosion, and recarbonization. Hraško (1964b) linked the classification of Cher-
nozems of the Danube Lowland to the presence of carbonate pseudomycelium, which is a characteristic 
manifestation of the morphology and dynamics of secondary carbonates in the climatic conditions of the 
Danube Plain. This feature should therefore be considered a certain general morphological feature that 
characterizes the hydrothermal regime of Chernozems. Pseudomycelium is not an exclusive feature of 
the Chernozems of the Danube Lowland but of the Chernozems from the Sea of   Azov through southern 
Ukraine, Moldova, Romania, Bulgaria, Hungary to the Danube Lowland in Slovakia and Lower Austria 
(Hraško 1965). A detailed study of soil conditions in relation to natural conditions and their comparison 
with available historical sources describing the natural and soil conditions of the area, including de-
graded Chernozems, is presented in Hraško & Bedrna (1964) and (Hraško 1966).

RESULTS AND DISCUSSION

1. Area of Chernozems in Slovakia
The largest continuous area of   Chernozems is in the Danubian Lowland, especially on the loess hills of 

the Danubian Lowland and to a lesser extent on the Danubian Plain. They also occur in the East Slovak 
Lowland and in the low-lying basins of Slovakia (Košice Basin, South Slovak Basin), but they are much 
less widespread there. The area of   Chernozems and their subtypes in the territory of the Slovak Republic 
is 320,000 ha, which constitutes 13.5% of the agricultural land fund (Table 1, Fig. 1). Their majority is 
located in the south-western part of Slovakia, 299,745 ha (12.6% of the area of   agricultural land). A small 
part is in the East Slovak Lowland (area 17,282 ha, i.e. 0.7%) and in the south of central Slovakia there is 
only 3,014 ha, which is 0.1%).
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Table 1
Area of   soil type Chernozem in Slovakia (BPEJ database ©VÚPOP Bratislava)

1.1 Comparison of the MKSP 2014 and WRB 2022 Chernozem´s classification systems
We present a comparison of the Chernozems classification according to the Morphogenetic Soil Clas-

sification System of the Slovak Republic (MKSP 2014) and the World Reference Base (WRB 2022) (Table 
2). Understanding soil genesis and soil properties is a prerequisite for establishing accurate classification 
criteria. In classifying Chernozems, not only the content, quality and colour of humus and the sorption 
complex saturation are of great importance, but also the content of carbonates and their distribution in 
the soil profile, which is a very significant factor affecting the overall functional system of soils.

ha %
Chernozems total 320 042 13.5
South-West of Slovakia 299 745 12.6
East Slovak Lowland 17 282 0.7
South of central Slovakia 3 014 0.1

Figure 1 Occurrence of Chernozems in Slovakia (BPEJ database ©VÚPOP Bratislava)
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Table 2
Comparison of the MKSP 2014 and WRB 2022 classification systems

From a genetic point of view, Chernozems are bound to the parent rock, on the basis of which the fol-
lowing groups of Chernozems can be distinguished:

• Chernozems on loess;
• Chernozems on old Holocene alluvial deposits;
• Chernozems on heavier, predominantly Tertiary marly substrates;
• Chernozems on lighter substrates (loamy-sandy and sandy-loamy).

The most typical can be considered Chernozems developed on loess, in which we record significant 
morphological and physicochemical differences in the area of   the Subcarpathian lowlands. The study of 
these differences led us to the conclusion that from a soil-geographical point of view it is necessary to 
distinguish two separate facies areas:

• Facies of the Danube Chernozems with a significant presence of mycelial carbonate Chernozems;
• Facies of Central European Chernozems which in their typical form have carbonates leached down 

to the transitional horizon, or down to the parent rock.
2. Chernozems of Danubian Lowland

2.1 Chernozems of loess uplands
Loess uplands occupy the northern part of the Danube Lowland (more than half of its total area), which 

is formed by a system of five loess uplands (Trnavská, Nitrianska, Žitavská, Pohronská and Ipeľská), 
which are separated from each other by the floodplains of the Váh, Nitra, Žitavská, Hron and Ipeľ rivers.

The soils of the loess uplands are tied to the carbonate content of the Quaternary loess blown up during 
the interglacial periods. A characteristic feature of Chernozems formed on loess uplands is the fact that 
in the soil profile we can find visible forms of carbonates in the form of pseudomycelia blooms already 
in the transitional A/C horizon, or also in the lower part of the humus horizon. These are formed exclu-
sively by calcite, mainly in the form of needle calcite (lublinite). In the lower part of the transitional hori-
zon, or even in the upper parts of the parent rock, concretions occur, which form carbonates in the form 
of both calcite and dolomite with an admixture of secondary clay minerals, with a predominance of illite.

According to the depth of carbonate pseudomycelium occurrence, we distinguish:
• Highly mycelial carbonate Chernozems, in which the pseudomycelium is already in the humus ho-

rizon, usually just below the topsoil layer at a depth of about 30 cm with a maximum in the trans-
itional horizon. These Chernozems are usually carbonate already from the surface.

• Mycelial carbonate Chernozems, in which the pseudomycelium is found in the transitional horizon, 
usually at a depth of up to 60 cm. The humus horizon is usually decalcified; carbonates occur at a 
depth of 40-50 cm from the surface. The most intensive occurrence of pseudomycelium can be ob-

MKSP 2014 (in Slovak) WRB 2022
černozem modálna Haplic Chernozem, Haplic Phaeozem1, Haplic Kastanozem1,2

černozem hnedozemná Luvic Phaeozem
černozem slanisková Mollic Solonchak
černozem slancová Chernozem (Sodic), Mollic Solonetz
černozem kultizemná Chernozem (Aric)
černozem nasýtená* Haplic Phaeozem, Haplic Kastanozem
černozem nenasýtená* Haplic Umbrisol
černozem karbonátová* Haplic Chernozem
*mandatory varieties; 1if they do not meet the conditions for the chernic horizon, but only for the 
mollic horizon; 2non-carbonate varieties
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served in the transitional A/C horizon between the humus horizon and loess, i.e. at a depth of about 
70–75 cm.

• Deeply mycelial carbonate Chernozems, in which the pseudomycelium is in the parent rock. Car-
bonates are leached from the entire soil profile.

Such a division is justified by the fact that the depth of the occurrence of pseudomycelium identifies the 
recent hydrothermal regime of the soil, which is directly dependent on current climatic conditions. 
Highly mycelial carbonate Chernozems are found in the driest and warmest parts of the uplands, which 
are furthest from the mountains. The occurrence of deeply mycelial carbonate Chernozems is associated 
with the marginal parts of the occurrence of Chernozems, near the mountains, while mycelial carbonate 
Chernozems form a pedo-geographically transitional area. The knowledge that the depth of the occur-
rence of pseudomycelium depends on the amount of precipitation and the intensity of evaporation is also 
confirmed by the fact that in all terrain micro-depressions of loess hills (including in the area of   continu-
ous distribution of highly mycelial carbonate Chernozems, e.g. in Voderady, Fig. 2) we find pseudomy-
celium only in loess and the entire solum is decarbonized.

The finding that pseudomycelium consists only of calcite, while in loess (and in concretions) the car-
bonate component consists of dolomite in addition to calcite, indicates the ongoing process of recent 
regradation of Chernozem soils. These were probably leached in the past (displacement of calcite and 
dolomite into the depth of the soil profile) and subsequently the rise of more easily soluble calcite by 
rising water to the soil surface with its secondary precipitation in the form of visible pseudomycelium 
(recarbonization) was recorded. Further evidence of this process is the fact that pseudomycelium is ob-
served in the soil profile only in the dry season, never in early spring, when the soil is over-moistened. In 
accordance with the already accepted terminology, we proposed to separate these soils as a separate cli-
matic (hydrothermal) facies with a more detailed designation of the Danube Chernozems.

A representative profile of a typical Chernozem is shown in Fig. 2 from the Voderady locality (Trnava 
loess hills), where a high incidence of pseudomycelia is observed throughout the entire soil profile (high-
ly mycelial carbonate Chernozems).

The depth of occurrence of pseudomycelia also has a practical interpretation, because it is a certain 
orientation tool for the characteristics of the water regime of soils (the intensity of evaporation increases 
from deep mycelial carbonate Chernozems to high mycelial carbonate Chernozems). Similarly, it is po-
ssible to estimate the prognosis of the susceptibility of soils to acidification and degradation, when at 
high doses of mineral fertilizers, the susceptibility of soils to the manifestations of these processes incre-
ases in the opposite sequence, i.e. from high mycelial carbonate, through deep mycelial carbonate, to 
leached Chernozems.

2.2. Chernozems degradation on loess uplands of Danubian Lowland
The term "degraded, degradation" means "depreciated, impairment", which means the deterioration 

of the original properties of the soil profile without further clarification of the nature of the phenomena 
and processes that lead to a change not only in the chemical, physical, but also in the morphological 
properties of the soils. Degradation processes were associated with the change of steppe vegetation to 
forest (but also with the change of the "soil climate" to a more humid one, which may not always be 
associated with a change in the macroclimate. The degradation of Chernozems was usually associated 
with the processes of leaching of carbonates, acidification of soils, vertical displacement of humus sub-
stances and clay. Our research did not confirm that these processes dominate the degradation of Cher-
nozems in the Danube Lowland, as was claimed in the works of older authors (Hroššo 1958, Maláč 
1962).

According to research, which was also confirmed by Hraško & Bedrna (1964), the formation of a clay-
enriched, usually cambic horizon is conditioned by the process of intensive internal weathering of the 
mineral part of the soil after its previous decalcification, i.e. after the leaching of carbonates. Carbonates 
tend to be a stabilizing factor preventing the destruction of mineral soil material, but without their trans-
location in the profile. When examining this process, we did not observe the translocation of humus 
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Morphology
A1p 0 – 25 cm, plough chernic horizon, silty clay 

loam, black (10YR 4/2; 10YR 2/2), moist, 
medium granular to subangular blocky struc-
ture, friable consistence, slightly calcareous, 
few roots, few crop residues, clear and smooth 
boundary;

A2 25 – 45 cm, chernic horizon, silty clay loam, 
black (10YR 4/2; 10YR 2/2), moist, fine to 
medium granular structure, friable consisten-
ce, slightly calcareous, few calcareous pseudo-
mycelia, humiferous coatings, few roots, diffu-
se and smooth boundary;

A3 45 – 65 cm, humus horizon, silty clay loam, 
black (10YR 4/2; 10YR 5/4-3.5/3), moist, fine 
to medium granular structure, friable consis-
tence, slightly calcareous, few calcareous pse-
udomycelia, humiferous coatings, few roots, 
diffuse and smooth boundary;

A/Ck 65 – 95 cm, transition horizon, silty clay, dark 
grey and yellow contrast colours (10YR 4/2; 
10YR 5/4-3.5/3), moist, medium angular bloc-
ky structure, friable consistence, strongly cal-
careous, abundant calcareous pseudomycelia, 
few roots, diffuse and irregular boundary;

Ck 95 – 110 cm, calcaric parent material (loess), 
silty clay loam, yellow (10YR 4/2; 10YR 6.5/6), 
moist, coarse blocky structure in upper part of 
the horizon, massive structure in lower part, 
firm consistence, strongly calcareous, abun-
dant pseudomycelia, few small calcareous 
nodules (2 – 10 mm), abundant krotovinas, 

Figure 2 Soil profile of carbonate Chernozem from the Voderady site (Fulajtár & Saksa 2018).

Profile 1 – Calcic Chernozem (Loamic, Aric, Pachic) 
Localization: Voderady, flat plateau, arable land, 139 m a.s.l.; N 48°17’3.98’’, E 17°33’16.398’’
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substances, but the quality of the humus changed when the proportion of fulvic acids increased and the 
FK:HK ratio was narrower. We proposed to respect this difference in the process of degradation by decal-
cification and subsequent internal weathering also in the classification of these soils at the level of the 
subtype of Cambic Chernozem.
3. Development of Chernozems and related soils on the Danube Plain

3.1 Factors determining the formation of dark soils
The Danube Plain is formed by the floodplains of the Danube and Váh rivers. Its specific part is the 

Žitný ostrov, which represents a terrestrial delta that is closed between the main flow of the Danube and 
the Little Danube River. It has an overall slope from the northwest (134 m a.s.l. in Podunajské Biskupice) 
to the southeast (107 m a.s.l. in Komárno). In the transverse profile, the central part of the Žitný ostrov 
is slightly elevated and extensive shallow depressions have formed along the edges. The entire Žitný 
Ostrov is formed by the alluvium of the Danube and its numerous branches and is furrowed by the beds 
of dead branches of the Danube, which are filled with a colourful mosaic of river alluvium with sharply 
varying grain size and humus content. The network of branches in the depressions is most dense in the 
southern part of the island, while the shallowest branches and the least furrowed surface are in the upper, 
slightly elevated part of the island. Žitný ostrov is formed by three prominent aggradation banks that the 
Danube deposited under conditions of gradual subsidence of the tectonic Komárno floe during the Early 
Pleistocene and Holocene. The central part of Žitný ostrov is occupied by an older Early Pleistocene agg-
radation bank and on its sides are the current (Holocene) aggradation banks of the main flow of the 
Danube and the Little Danube.

North of Žitný ostrov the alluvial plain continues. This part of the Danube Plain is formed by a relati-
vely wide belt of alluvial deposits (material deposited by Váh and Little Danube rivers). The Váh flows 
along the edge of the Danube Uplands and most of its floodplain extends south of its main flow. Along 
its current bed, the Váh has created a prominent aggradation bank, similar to the Danube, which is 
slightly elevated above the Váh floodplain zone bordered to the south by the aggradation bank of the 
Little Danube. Between the aggradation bank of the Váh and the edge of the Danube Uplands there is a 
belt of longitudinal waterlogged depressions.

On the Danube Plain, Chernozems were formed on alluvial sediments instead of loess, which domi-
nates the Danube Uplands. Most of the Chernozems of the Danube Plain are located on Žitný ostrov, 
while on the Váh floodplain there are only smaller islands of Chernozems.

The Danube Plain is very rich in groundwater, the level of which is close to the surface and significantly 
affects the development of alluvial soils. The groundwater level, which can be observed in various gravel 
pits, indicates subtle denivelation in terrain. The unevenness of the terrain and the associated depth of 
the groundwater level have significantly affected both the development and the current character of the 
soils. In the work (Bedrna, Hraško, Sotáková 1968) the hypothesis was formulated that the genesis of 
soils on Žitný ostrov took place in the past under the influence of significant hydromorphism and that 
the development of soils on Žitný ostrov is not yet complete, i.e. the formation of soil properties to an 
equilibrium climax state is still ongoing. Geographers also came to similar conclusions, calling Žitný 
ostrov a "young structural plane, the development of which is not yet complete" (Lukniš 1964). The 
hypothesis was later experimentally confirmed (Hraško & Linkeš 1974), i.e. that the occurrence of each 
specific soil on Žitný ostrov is essentially dependent on the following factors:

1. the depth of the groundwater level, which determines the intensity of the accumulation of organic 
matter in the surface horizons and the intensity of gley processes in the soil profile;

2. the time (period) of dominance of hydromorphic conditions;
3. the time (period) of dominance of automorphic conditions;
4. the grain size composition (texture) of sediments, which modifies the water regime of the soil profile 

at the same height of the groundwater level and affects the periods of dominance of hydromorphic 
or automorphic conditions.

Thus, a genetic-historical approach was formulated to clarify the genesis of soils on Žitný ostrov, where 
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the dominant position is occupied by the height of the groundwater level, or rather the depth of its stable 
level from the soil surface and the grain size distribution of the sediments. The time factor in both cases 
(the duration of hydromorphism and the time after the drying of the area) point to both historical deve-
lopment and a strong dependence on changes in groundwater levels on the long-term development of 
soils and its final climax stage. Hraško & Linkeš (1974) formulated the conclusion that the soil conditions 
of Žitný ostrov are relatively simple after the previous complex (hydrological and vegetation) develop-
ment and distinguished the following five groups of soils:

1. soils with a weakly developed humus profile, which are not or are only slightly affected by redox pro-
cesses especially Fluvisols (IUSS Working Group WRB 2022), which always contain higher amounts, 
usually above 5% CaCO3 and MgCO3, and Regosols on loose sands, which are usually also carbon-
ate);

2. soils with a significantly developed humus profile (especially Chernozems and Phaeozems with vari-
ous transitional stages between them), which are not affected or are only slightly affected by redox 
processes;

3. soils with the occurrence of more pronounced gleyic processes (especially Gleysols, but also Gleyic 
Fluvisols and Gleyic Phaeozems, which are also always carbonate and sometimes have a formed pet-
rocalcic horizon (so-called in Slovak “adka”), the depth of which depends on the height of capillary 
rise of groundwater rich in carbonates at a stable groundwater level;

4. soils with the occurrence of gleyic processes (horizons) and with the accumulation of a larger 
amount of organic matter in surface horizons or on the soil surface (especially Histosols in depressed 
positions, often in poorly watered dead branches after the meandering of the Danube River in the 
inner territory of Žitný ostrov);

5. soils with the occurrence of soluble salts and/or with an alkaline soil reaction, saline and alkaline 
Fluvisols and Phaeozems of varying intensity, up to typical Solonetz and Solonchaks, while their oc-
currence is locally bound to the lower part of Žitný ostrov, with a higher level of mineralized ground-
water, if it contains bicarbonates, chlorides or sodium sulphates, and also to the depressions between 
the edge of the Danube Uplands and the aggradation embankment of the Váh River.

3.2. Topography of the Žitný ostrov soils
The topography of the Žitný ostrov soils is directly dependent on the morphology of the area. In relati-

on to the surface geomorphology, we observe the following location of individual soil groups:
• Chernozems on aggradation ridges, i.e. on the highest parts of the relief;
• Phaeozems situated in transitional areas and wide river depressions;
• Gleyic Phaeozems to Histosols in local deeper depressed positions;
• Regosols on elevated, predominantly sandy dunes minimally influenced by groundwater;
• Fluvisols in recent or subrecent floodplains

3.3. Soil salinization on the Danube Plain
Saline soils of the Slovak part of the Danube Plain generally have a lower salt content, but a significantly 

alkaline soil reaction, often the pH of these soils is around 9-10, or even higher. Some of them are classi-
fied as soda type of salinization and their name alkaline soils is more appropriate (in the broader context 
of saline soils). As a criterion for the separation of alkaline soils (Solonchaks) with pH higher than 8.3 is 
proposed, which corresponds to a saturated calcium carbonate solution.

Another significant feature of these soils is the content of calcium carbonates in the entire soil profile, 
while the content of carbonates in the lower part of the profile exceeds 20%. The amount of salts, deter-
mined by the standard method as a dry residue at 105 °C, usually does not exceed 0.4% in the upper 
horizons. However, Phaeozem (Sodic) and Sodic Fluvisols have up to 5 – 20% of sorbed sodium, Salic 
Solonetz up to 20 – 50%, in extreme cases even more.

The alkalization of soils on the Danube Plain is observed primarily on the strongly carbonate alluvium 
of the Danube and its left-bank tributaries, but also on loess that sedimented into former swamps 
(swamp loess in the sense of Horusitzky 1912). It is characteristic that alkaline soils are not found on 
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larger areas, they occur only in complexes with surrounding soils, mainly Phaeozems and Gleysols.
The saline soils of the Danube Plain are located in three geographical areas:
1. The first district is located in the lower part of Žitný ostrov and is characterized by the discontinuous 

occurrence of alkaline Salic Solonetz and, to varying degrees, Salic or Sodic Phaeozems and Fluvisols 
on the Danube alluvium in a complex with carbonate Phaeozems and Fluvisols. They have a high 
content of carbonates in the form of calcite and dolomite from the surface. The active soil reaction 
(pH/H2O) of these non-saline soils ranges from 7.8 to 8.3.

2. The second area is located on the alluvium of the lower reaches of the Váh and Nitra rivers on marshy 
loess. It has a higher representation of salic-sodic soils, which form more continuous units here. 

3. The third district represents Phaeozems and salic-sodic soils on the layered alluvium of the lower 
reaches of the Hron River. Unlike the first two districts, the soils have a lower active soil reaction (pH 
around 8), have a lower proportion of CO3 and HCO3 anions, and chlorides and sulphates predom-
inate in the aqueous leachate.

4. Soil grain size distribution on Žitný ostrov
The grain size composition of the soils of Žitný ostrov is very diverse, from gravel to gravelly sandy 

soils, sands and loams, to clays. This applies not only to the subsoil, but also to the top layers (if the sur-
face layer is understood as the solum to a depth of 30 cm). The area representation of soils according to 
grain size distribution (at a scale of 1:10,000 on maps made during the General Survey of Agricultural 
Soil) has the character of a Gaussian probability curve. The area of   loamy soils is the most extensive 
(48.3%). It is also characteristic of the soils of this region that the deeper into the profile, the more frequ-
ent the occurrence of sandy soils (but also gravels and gravelly sands, especially in the upper part of Žitný 
ostrov), and soils with a clayey subsoil are rarely found.

The spatial distribution of sediments according to grain size distribution shows the following patterns:
• The soils of Žitný ostrov have predominantly loamy surface horizons, the proportion of sandy and 

clayey sediments is smaller.
• The proportion of soils with a higher sand content increases with depth in the soil profile. At a depth 

of 1 m, the occurrence of sandy sediments prevails over loamy ones. On 1% of the territory, gravelly 
sand is found already at a depth of 30-40 cm. At a depth of 1 m, the occurrence of gravelly sand 
reaches up to 8%.

• Chernozemic soils are found only on lighter and medium-heavy substrates, and the texture of their 
profile is relatively the most homogeneous.

• Phaeozems and Gleyic Phaeozems are found on more clay substrates up to a depth of 70 cm, deeper 
layers follow the overall tendency of grain size composition and are significantly sandier, which 
confirms the conclusion (Bedrna, Hraško, Sotáková 1968) that the character of humus soils on 
Žitný ostrov depends also on the grain size composition of sediments.

A number of other soil properties on Žitný ostrov depend on the grain size distribution of the sedimen-
ts. The humus content is directly proportional to the grain size of the sediments, which varies in the range 
of 1.8% on sandy substrates to 3.8% on clay substrates. The carbonate content, depending on the grain 
size distribution of the sediments, shows more complex patterns because carbonates are only partly pri-
mary, but partly secondary carbonates, the source of which can be both underground bicarbonate cal-
cium-magnesium groundwater and feldspar decomposition products during the weathering of alluvial 
sediments. Although the dependence of the carbonate content on the grain size is not clearly demons-
trable, the vertical course of their content is interesting.

Soils that are under the direct influence of higher groundwater levels have the highest carbonate con-
tent on the soil surface and its content decreases with depth. In soils with deeper groundwater levels, 
where the capillary rise zone does not reach the soil surface, the highest carbonate content is in the dee-
per parts of the profile. This is evidence that the higher carbonate content in this part of the soil profile 
is not related to carbonate leaching but indicates the (predominant) upper limit of the capillary rise zone 
of the groundwater.
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4.1 Mineralogical composition of the clay fraction
We have paid considerable attention to the study of the mineralogical fraction of soils, especially the 

study of clay minerals. From experimental work carried out mainly at the Institute of Pedology of the 
Friedrich Wilhelm University in Bonn, it was found (Hraško & Bedrna 1988):

• In addition to illite, a high chlorite content is characteristic of the entire Žitný ostrov. Both minerals 
dominate in the clay fraction of all soils, but especially Chernozems.

• We explain the high chlorite content by its primary content in the sediments of the Danube, which 
was also confirmed by micromorphological studies in sections of soil samples, when clastic chlor-
ites were found even in coarser grain fractions. Chlorite is commonly present not only in many 
metamorphic rocks, but often also in limestones and marls. We found that some of the chlorite 
could also have been formed by chloritization of biotite.

• The increased content of montmorillonite, especially in the soils of the lower part of Žitný ostrov, 
reflects the conditions of sedimentation, since the finer colloidal fractions sedimented only in the 
lower part of Žitný ostrov, where the flows of the Danube and its branches are the slowest.

• The identifiable content of kaolinite in the upper part of Žitný ostrov could not have been formed 
under in situ conditions. A study of red clays in gravels in the Bratislava area revealed an increased 
content of kaolinite, so it can be assumed that the kaolinic material was brought from a wider 
erosional area by erosion-sedimentation processes, similar to that in the gravels.

• The relatively high content of calcite and dolomite in the clay fraction confirms the conclusions 
about a partial, but significant secondary enrichment of sediments with calcium (and magnesium) 
carbonates, i.e. about a specific form of "salination" in the sense of enrichment of the soil mass after 
its sedimentation from rising bicarbonate-calcium-magnesium groundwater (Hraško 1966, 
Bedrna, Hraško, Sotáková 1968).

• In the upper part of Žitný ostrov, we detected gypsum in several places in the fine-grained fraction 
by X-ray method (typical reflexes 7.56: 4.27: 3.05 angstroms). This finding was also confirmed by 
the micromorphological method in soil sections. This finding is of considerable importance in de-
termining the genetic development of soils, as it indicates a special geochemical so-called gypsum 
process in the sense of Pereľman (1977) which was preceded by a later neutral carbonate geochem-
ical process in already automorphic conditions. These findings confirm the conclusions about the 
previous paleo-hydromorphic development of Chernozems (Hraško 1966).

4.2 Micromorphological manifestations of hydromorphism
The conclusions about the hydromorphic (paleo-hydromorphic) stage of development of Chernozems 

on Žitný ostrov were also confirmed by micromorphological studies. The established facts lead to the 
overall conclusion that the present Chernozems developed in the past under the influence of hydro-
morphic conditions. Compared to Chernozems on loess, these soils, especially in the humus horizon, 
have a lower micro-aggregation. Part of the dark soils (Phaeozems) is also currently under the influence 
of periodic hydromorphism, or rather their automorphic development is shorter in time. The evidence 
for this statement is the higher content of concretions and diffuse nodules, which are formed by humus-
iron, clay-iron, locally also manganese complexes, which are irregularly distributed in the soil mass.

The occurrence of not only iron-bearing neoplasms of irregular shapes, but also concretions is typical 
for Phaeozems. The assumptions that the greater part of carbonates in the soils of Žitný ostrov are epige-
netic, i.e. they accumulated only after the sedimentation of the mineral mass in the places of today's oc-
currence have been confirmed. The accumulation of carbonates in soils by precipitation from under-
ground bicarbonate-calcium waters is manifested in many places by the presence of very solid carbonate 
layers (so-called “adka”), which may have the character of petrocalcic horizons. They reach a thickness 
of up to several centimetres and are usually localized in transitional horizons, within the reach of capil-
lary-rising groundwater and at a relatively stabilized depth from the surface.

The typical hydromorphic character has of Gleyic Phaeozems, although where the groundwater level 
has dropped, the humus horizons lose their original "anmoor" character. This is also manifested in the 
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fact that relatively compact soils acquire the character of structural soils with a mull humus character on 
the surface.

4.3 Correlational evidence of the paleo-hydromorphic development of Chernozems 
The thesis of the paleo-hydromorphic development of Chernozems on Žitný ostrov is also confirmed 

by the relationships between shallow humus and deep humus soils, the relationships between soils with 
an indistinct and a strongly developed humus profile, as well as the relationships between soils and the 
relief of the area.

1. The relationship between shallow and deep soils on Žitný ostrov is very important not only from the 
point of view of understanding their genesis, but also from the point of view of their typology and 
classification. Several authors claim that the climate played a major role in the formation of this hu-
mus soil type. Small amounts of precipitation, high temperature and groundwater occurring deep 
below the surface conditioned the occurrence of steppe vegetation, the activity of which led to the 
Chernozem soil-forming process. According to Hraško (1966), the genesis of shallow and deep dark 
soils was historically the same. The formation of the humus and carbonate profiles of both soils took 
place in wetter conditions than those on Žitný ostrov today. This leads to the logical conclusion that 
if the soils have the same genesis, they should be classified in the same soil group.

2. The relationship between soils with a significantly developed humus horizon and soils with an insig-
nificantly developed humus horizon was studied in the Most na Ostrove model area, near the flood-
plain of the Little Danube. Its flow is currently regulated, but in the past, it meandered freely and 
filled its surroundings with sediments. The study object was located on an area where surface sedi-
ments, no longer influenced by groundwater, lie on a humus layer, the age of which was determined 
to be approximately 2,500 years (the actual measurements were made at the Institute of Pedology of 
the Friedrich Wilhelm University in Bonn using the C14 method). During this time, a normal humus 
profile did not form on these otherwise carbonate sediments under terrestrial conditions, which can 
be considered one of the pieces of evidence of the humus horizons formation in this area under more 
hydromorphic conditions. 

3. The relationship between soils and relief of the area in wide river valleys was studied in the valley of 
the Váh, which is the largest left-bank tributary of the Danube, in the area between Leopoldovo and 
Piešťany, and between Váh and Dudváh. The survey showed that the soils significantly correspond to 
the relief and thus also to the groundwater level. In the highest area (the aggradation dyke built by 
calcareous, texturally loamy to clay-loamy sediments, which in the subsoil pass into sandy to gravelly-
sandy material), there are Chernozems. In the transitional area there are Phaeozems, in which the 
bioaccumulation of humus substances took place in a more hydromorphic environment. The depth of 
the groundwater level is 100 – 120 cm, and it also determines the formation of reduced Gleyic subho-
rizons. In the adjacent terrace depressions along the Váh and Dudváh rivers, which are closest in rela-
tion to groundwater, there are Gleyic Phaeozems, which, when excessively wetted, especially in former 
dead branches, even become peaty. The gleyic process is pronounced up to the surface horizon. Such 
a clear correlation makes it possible to use the character of the morphology of the area not only for the 
approximate determination of the soil type or subtype, but also vice versa; according to the nature of 
the soils, it is possible to carry out a reconstruction morphological units where they are inconspicuous 
in the field, either as a result of natural denudation processes or as a result of human activity.

5. Carbonate profile and carbonate forms in Chernozem and its parent rocks
When studying Chernozems and soils related to them, special attention was paid to the study of the 

carbonate profile, because each soil (and therefore also Chernozem) is characterized not only by one 
diagnostic horizon, but by the entire set of genetic horizons. The Chernozem pedogenetic process also 
includes not only the processes of humus accumulation (although they are dominant), but a whole range 
of other processes, which also include geochemical and mechanical accumulation and migration of sub-
stances, decomposition and resynthesis of secondary mineral compounds. These processes usually occur 
very slowly, and their duration is measured in millennia. The change in the content, but also the form of 
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carbonates characterizes one of the first phases of the transformation of the mineral part of the soil not 
only during weathering, but also during pedogenesis. The study included carbonate forms in soil profiles 
on loess and in the loess itself, as well as soils on alluvial deposits and the alluvial deposits themselves of 
Žitný ostrov and Vah alluvium. In addition to the micromorphological method, carbonate diagnostics 
were developed and implemented using the X-ray structural analysis method (typical basal lines for cal-
cite 3.04 – 3.06 and for dolomite 2.89 angstroms).

It was found that the carbonates of the alluvial deposits of Žitný ostrov, the Váh alluvium, as well as the 
loess of the Trnava Uplands consist not only of calcite (CaCO3), but also of dolomite CaMg(CO3)2. In the 
sample from Hubice near Bratislava, the occurrence of calcite and dolomite was monitored according to 
individual grain size fractions (<0.05, 0.05 – 0.1, 0.1 – 0.25 and >0.25 mm). While calcite predominates 
in the <0.05 mm fraction, dolomite predominates in the >0.25 mm fraction. The presence of dolomite 
can also explain the narrow Ca:Mg ratio in soils and substrates in valley loess. The presence of dolomite 
in the loess of the hills (and undoubtedly primary dolomite, since its maximum content is in coarser 
grain fractions) is considered one of the important diagnostic features for considerations about the ori-
gin of the material for the formation of loess.

Due attention has also been paid to the forms of carbonates in substrates and soils in micromorpholo-
gical studies (Hraško, Bedrna, Čurlík 1972, Čurlík 1992). It has been found that a distinctive feature of 
all mycelial carbonate Chernozems is the presence of a zone of needle-like calcite (lublinite). The depth 
of this zone varies, probably depending on the local hydrothermal regime of these soils. In some Cher-
nozems, the mycelium appears already at a depth of 30 cm from the surface (high mycelial carbonate) 
and drops below 50 cm (mycelial carbonate). Towards the depth of the profile, larger autochthonous 
forms of calcite prevail at the expense of its needle-like forms.

In the transitional horizons, other visible forms of carbonates gradually increase, such as crystal channels, 
radial fibrous nodular forms, heterogeneous plasma impregnations, microcrystalline fillings of biogenic pores 
with a transition to crypto-crystalline rings impregnating the surrounding matrices. In addition to carbonates 
of clearly allochthonous origin, there are also cryptocrystalline autochthonous forms in the loess hills. 

In deeper Chernozems on loess-like sediments, carbonates of allochthonous origin prevail from the 
surface (which are alluvial), which is the basic distinguishing feature between Chernozems on loess hills 
and on deep alluviums of the Danube Plain. On alluviums, allochthonous forms occur from the surface, 
while autochthonous forms (epigenetic) occur mainly in transitional horizons and in substrates in the 
form of both calcite and dolomite. Two generations of autochthonous forms were distinguished, which 
probably arose by precipitation from rising carbonate groundwater (Hraško, Bedrna, Čurlík 1972).

A comprehensive study of carbonates and their forms in Chernozems on loess and on alluvial loess-like 
sediments has provided the following findings:

• In addition to calcite, dolomite is also found in all loess areas in Slovakia (samples analyzed from 
the profiles Senec, Trnava and Voderady in the Trnava Uplands, Komjatice, Cabaj, Šurany and Jatov 
in the Nitra Uplands, Janíkovce in the Žitavská Uplands, Pohronský Ruskov and Štúrovo in the 
Hronská Uplands, Kanaš and Veľký Šariš from the Ondavská Uplands, Skalica from the Myjavská 
Uplands). Similarly, dolomite occurs in loess from other areas. It was found, for example, in loess 
samples from the Rhineland in Germany.

• In mycelial carbonate Chernozems on the loess hills of the Danube Plain, which are carbonate from 
the surface, only calcite is found in the humus horizon (in the pseudomycelia zone also lublinite), 
while dolomite occurs only in loess.

• In carbonate Chernozems on the old alluvium of the Danube Plain, calcite together with dolomite 
occur from the surface (primary as well as secondary calcite and dolomite).

These objective findings lead to the following conclusions:
1. Due to the more difficult weathering and solubility of dolomite than calcite, it is practically im-

possible that during the processes of decomposition and leaching of carbonates their dolomitic form 
was first disrupted and translocated:
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1.1 The loess layer from which the Chernozem was formed comes from a source other than loess 
unaffected by soil formation. Detailed tests of the homogeneity of loess (test according to grain 
size and proportion of non-weatherable minerals) excluded this and confirmed the identity of 
the loess material in the soil profile and in the loess in the subsoil;

1.2 Recent mycelial carbonate Chernozems have in the past undergone a stage of leaching of car-
bonates (calcite and dolomite), which was the first stage of degradation in the sense of the loss of 
carbonates from the entire depth of the humus profile (to a depth of about 75 – 80 cm).

1.3 In a later period, they were secondary enriched with carbonates, but only with more soluble cal-
cite. The period of re-enrichment with carbonates, i.e. the process of re-gradation, is probably 
coincident in time with the period of the onset of the "cultural steppe", i.e. with the period of the 
beginnings of agricultural land use.

2. In addition to clastic allochthonous dolomite, the presence of autochthonous dolomite, which was 
formed in situ after the sedimentation of the material, was also found in the alluvium of the Danube 
Plain. This is therefore a process of recent (subrecent) dolomitization, which was found only in car-
bonate sediments of littoral or supralittoral environments (Netherlands Antilles, Persian Gulf, Ba-
hamas) and in shallow lagoon environments (Pray & Murray 1965). According to these authors, the 
mechanism of dolomitization is that during the periodic drying of carbonate mud or sand, waters 
move into the interpore spaces of the sediments, where they become strongly concentrated and 
metasomatically affect the calcite in the sediments. This process of metasomatic dolomitization is 
often accompanied by the precipitation of gypsum, the presence of which we also found on Žitný 
ostrov. The occurrence of secondary forms of calcite and dolomite in soils and substrates on Žitný 
ostrov is therefore further evidence of the paleo-hydromorphic development of Chernozems in this 
area.

According to the current state of research, it is difficult to confirm paleo-hydromorphism also in loess 
on the uplands, which the majority of geologists consider to be eolian sediment, based on the detected 
occurrence of secondary dolomite, although some research (e.g. Hraško, Minaříková, Šajgalík 1968) ad-
mits their possible alluvial origin with secondary eolian modelling or the loess formation from alluvial 
deposits in situ as a result of further weathering processes. Research on soil profiles from the Danube 
Uplands has also brought several indications that the Chernozems on the loess uplands have also gone 
through the stage of paleo-hydromorphism, just like the loess, which is the parent substrate of these soils.
6. Recent processes in the soils of the Danube Plain and their intensive use

6.1 The impact of drainage
Extensive human interventions have led to a decrease in groundwater and the drainage of surface water, 

which has caused a gradual steppe (in the sense of drying out) of the former wetland. The term “steppe” 
in the broadest sense refers to the process when soil formation continues in drier conditions than the 
previous ones.

On Žitný ostrov, the following series of soils can be distinguished according to the degree of wetting: 
(IUSS Working Group WRB 2022) Histosol – Gleyic Phaeozem – Phaeozem – Chernic Phaeozem – 
Chernozem.

Under the influence of the built transverse drainage channels (transverse channels through the island 
from the Little Danube to the main flow of the Danube), which capture groundwater and drain it using 
pumping stations into the Danube and the Gabčíkovo waterworks as a result of which there was a signi-
ficant decrease in groundwater levels over several centuries. The Danube is located higher than the sur-
rounding area, as it flows along an aggradation embankment. Such a decrease in groundwater levels ac-
celerated the steppe of soils on a significant part of Žitný ostrov, so that at present, on all currently non-
wetted areas, the transformation of original hydromorphic soils into semi-hydromorphic to automorp-
hic soils is taking place. As detailed research into soil genesis shows, this transformation mainly occurs 
through the initial rapid mineralization of part of the organic matter, until the content of humus substan-
ces, depending on the grain size composition of the soils, stabilizes in the range of 2.5 – 4%. Lower humus 
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content in automorphic conditions (now Chernozems) is a general rule compared to more hydromorp-
hic soils in the Danube Plain. There is also a change in oxidation-reduction conditions and gradual oxi-
dation of Gleysols (Gr) horizons.

As for topography, the process of "stepping" took place most significantly on higher, better aerated parts 
of Žitný ostrov and on lighter-grained substrates, while clayier soils retain certain signs of hydromorp-
hism for a longer period. The speed and dynamics of the processes of accumulation and mineralization 
of organic matter are much higher in these processes than in typical automorphic conditions. This is 
mainly due to changes in the hydrological (in a broader sense, also hydrothermal) regime, because chan-
ges in bioecological conditions are also associated with it. It can therefore be concluded that the further 
development of soils with a reduced groundwater level will go towards the formation of Chernozems, 
which will acquire features morphologically close to the Chernozems on loess hills.

6.2 The influence of irrigation on changes in soil composition
Dusty and sandy fractions in soils, especially in the upper Žitný ostrov, do not consist only of non-weat-

hering quartz particles, but are also significantly represented by weathering clastic particles, which main-
ly consist of micas and chlorites. Therefore, when soil moisture is increased by irrigation, we can expect 
an intensification of weathering processes, both physical and chemical. As a result of these processes, we 
can even expect a gradual change in the grain composition of soils and an increase in the content of finer 
grain fractions. In the long-term aspect (geological timescale), the formation of substrates that will be 
similar to loess on loess hills cannot be ruled out.

Chemical weathering processes are important, in which sodium, calcium and magnesium are released 
from sodium-calcium feldspars. Due to the permeability of the alluvial sediments forming the Pleistoce-
ne gravel-sand core of Žitný ostrov, sodium can relatively easily migrate into groundwater and cause an 
increase in its mineralization and alkalinity. In the lower part of Žitný ostrov, where groundwater emer-
ges closer to the surface, such sodium-enriched waters can, under adverse climatic conditions (evapora-
tion regime), cause the formation of soda-type salinization. The prerequisite is such subsurface substrate 
conditions, in which subsurface “baths” form in places with less permeable sediments, in which the con-
centration of sodium salts increases as water evaporates from the surface. Alkaline soils are also found in 
such conditions recently.

Part of the calcium and magnesium released by weathering is precipitated in the form of calcite and 
dolomite (due to the high soil pH) directly in the soil profile (in the surface or deeper parts of the sedi-
ments), or mainly in the form of bicarbonates into groundwater. From groundwater, it is reabsorbed into 
the soil profile in other places by capillary action, which also confirms and explains our previous conclu-
sions about the secondary enrichment of soils with calcium and magnesium carbonates (a kind of "sali-
nation" with calcium and magnesium).

6.3. Changes in soil properties during complete flooding
The opportunity to study the impact of flooding arose after the catastrophic flood that occurred as a 

result of the rupture of the dams on the Danube near Čičov and Patince in June 1965, as a result of which 
extensive areas of the lower and middle part of Žitný ostrov were flooded. The following were monitored 
in particular:

• the reaction of the soil solution and possible leaching of bases and soil acidification
• changes in the content of calcium carbonate in the soil and its possible leaching
• the content of accessible nutrients and their possible leaching from the topsoil
• the ratio of divalent and trivalent iron compounds and changes in the redox potential, in order to 

determine whether significant reduction processes had occurred in the flooded soils.
The advantage was that a General Soil Survey was carried out in this area in 1964, so it was possible to 

compare the data obtained from the reference profiles with the state before the flooding. The results sho-
wed that as a result of the complete flooding of the soils, which lasted from several days to several months 
(the area along the Little Danube near Kolárovo), there was no serious deterioration of the soil proper-
ties: 
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• no significant change in soil reaction occurred;
• there was no leaching of calcium carbonate, on the contrary, in some profiles its content increased 

slightly;
• the content of accessible nutrients (P and K) remained essentially unchanged;
• on long-term flooded heavier soils, signs of reduction of iron compounds were detected, however, 

after their ploughing and aeration, accelerated oxidation occurred again with a return to the ori-
ginal state.

In order to more accurately capture changes in soil properties occurring from the immediate subsiden-
ce of the water until it dries up to a state in which the soil can be cultivated (the state of "soil maturity"), 
selected soil condition indicators were monitored on three typical, most widespread soils of the flooded 
area at regular two-day intervals. The following conclusions can be drawn from the obtained results:

1. the soil reaction (pH in H2O) did not change significantly either after flooding or during the process 
of drying the soil surface;

2. the process of soil flooding was immediate, which was shown by comparing the moisture of the soil 
surface with the moisture at a depth of 50 – 60 cm, since air remained trapped in the soil, which did 
not allow floodwater to penetrate into the deeper layers of the soil profile;

3. as a result, there was a suppression, but not an interruption, of biological life and the destruction of 
microorganisms in the soil profile;

4. in the process of soil drying, the CaCO3 content in the surface horizons increased, which confirmed 
the assumed enrichment of these soils with CaCO3 during drying;

5. the hypothesis of high mobility of calcium carbonates (bicarbonates) and their secondary accumula-
tion in the soils of Žitný ostrov was confirmed;

6. the assumption of a rapid process of change in oxidation-reduction processes in the surface part of 
the soil after its drying and aeration was confirmed;

7. the concerns that floods could cause leaching of nutrients (P and K) from the soil were not con-
firmed;

8. with sufficient heat and the restoration of optimal humidity, intensive decomposition of organic mat-
ter took place, especially if it was incorporated into the soil, mobile nitrogen was used in the decom-
position of straw, so that its leakage into groundwater did not occur.

9. the biological processes suppressed by the flood were more intense after the water receded than on 
the irrigated soils of the Research Station in Nový Trh (soil respiration and activity of bacteria from 
the genus Azotobacter were monitored), while during short-term flooding (up to 4 days) only a par-
tial decrease in the number of aerobic microorganisms was observed, during flooding lasting more 
than two months the decrease was more significant, however, after drying and aeration of the soil, 
there was a rapid increase in the biological activity of microorganisms.

CONCLUSIONS

Chernozems, identified by the presence of a thick, black or very dark, humus-rich, well-structured and 
bases-saturated topsoil horizon and the accumulation of secondary carbonates in the soil profile, occur 
in Central Europe in various forms, depending on climatic gradients (more Atlantic - more continental), 
position in the landscape, land use, as well as the intensity of erosion and accumulation. In Chernozems 
formed on loess hills, we find visible forms of carbonates in the form of pseudomycelia blooms already 
in the transitional horizon, or also in the lower part of the humus horizon. The degradation of Cher-
nozems is usually associated with the processes of carbonate leaching, soil acidification, vertical displace-
ment of humus substances and clay. However, carbonates tend to be a stabilizing factor preventing the 
destruction of mineral soil material without their translocation in the profile. The conclusions about the 
hydromorphic (paleo-hydromorphic) stage of development of Chernozems on Žitný ostrov were also 
confirmed by micromorphological studies. The established facts lead to the overall conclusion that the 
present Chernozem soils developed in the past under the influence of hydromorphic conditions. The 
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occurrence of secondary forms of calcite and dolomite in soils and substrates on Žitný ostrov is further 
evidence of the paleo-hydromorphic development of Chernozems in this area.

The most typical Chernozems are similarly placed at the basic level in the national soil classifications of 
Poland, Slovakia and Hungary and others and can be easily correlated with calcareous or haplic Cher-
nozems, which are distinguished at the highest level in the WRB system as Reference Soil Group. Soil as 
a surface natural-historical object is very quickly subject to various external factors that change their 
character. Anthropogenic factors in particular need to be monitored and evaluated, as they can be direct-
ly influenced by humans through the application of sustainable management.
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