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This paper provides information on classification of chernozems in Slovak national soil classification
and discusses the problems of its correlation with WRB. The preparation of correlation scheme for
converting particular chernozem categories used in Slovak classification to categories used in WRB
enabled to compare general concepts and particular criteria of both classification systems, to identify
major problems of conversion resulting from different classification philosophy and different quanti-
tative classification criteria and finally to discuss the possible ways how to overcome them.
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Introduction. Chernozems occupy significant portion of Slovak lowlands and due to their
high fertility and large acreage they belong to most important agricultural soils of Slovakia. The
most significant investigations of chernozems were carried in 1960ties when General Soil Sur-
vey of former Czechoslovakia brought a lot of new information about all agricultural soils of
Slovakia. In this period several key papers and books on chernozems were published [1, 6, 7, 13]
and the Slovak national concept of chernozems was fixed. This concept corresponded in general
to original Russian concept of chernozems as it was presented by Dokuchajev [3, 4] and many
other studies but it reflected also some specific features of Slovak chernozems: 1) Slovak cher-
nozems are soils developed under steppe vegetation dominating in Slovak lowlands during dry
period of early Holocene and later they were protected from “degradation” under the forest
thanks to agriculture which substituted the “steppe conditions” and prevented the invasion of
forests; 2) Slovak chernozems are different from typical chernozems in Russia and Ukraine, they
are less developed (less thick and less dark) because they are developed in the periphery of con-
tinental steppe area, where the steppe conditions are less pronounced.

Since 1970 the origin, characterization and evaluation of chernozems was considered as
more or less closed question. Occasional studies published later usually did not cross the conven-
tional understanding of chernozems of Slovakia fixed in 1960ties and they were carried within
relatively narrow geographical limits of lowlands in Danube Basin. The exception was the study
of Linkes$ [12], who introduced a hypothesis of hydromorphic and geological factors as major
factors determining the chernozem formation. This paper, however, did not attract much atten-
tion of scientific community and did not change the general concept of Slovak chernozems. New
impulse to investigation of chernozems came in second half of 1990ies and in 2000s. Along with
significant changes of national soil classification which switched its basic pedogenetic concept
towards morphometric concept [8], and subsequent quick development of new approximations of
morphogenetic classification [9, 15], the definition of chernozems, while still following the gen-
eral concept set in the 1960ies, was made more detailed and exact.

Major objective of this paper is to provide basic information on classification criteria of
chernozems in Slovak national soil classification and based on this to suggest exact correlation
scheme for converting particular chernozem categories used in Slovak national classification to
categories used in World Reference Base for Soil Resources [11] (further referred as WRB) and
to identify and discuss the major problems resulting from differences of general concepts and
particular criteria of both classification systems.
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Object and methods. Chernozems in Slovakia. Most significant areas of chernozems in
Slovakia can be found in large lowland (Podunajska nizina) occupying south-western part of the
country. Several other minor areas occur in other major lowlands (Borskd nizina in wester Slo-
vakia and Vychodoslovenskad niZina in Eastern Slovakia and in southernmost inner Carpathian
basins (Rimavskd kotlina and Kosicka kotlina). (Fig. 1). Most of Slovak chernozems developed
on loess, alluvial sediments and eolian sands. The loam, silty loam, silty clay loam or silty clay
textured loess is a parent material of chernozems in hilly lands of Podunajska niZina, Zahorska
nizina and Vychodoslovenska nizina lowlands; loam, silty loam or silty clay loam textured allu-
vial sediments (flood sediments and most likely also re-washed loess) are parent material of
chernozems at flat alluvial plane of Podunajskd niZina and Vychodoslovenskd niZina lowlands
and Pleistocene terraces of Rimavskd kotlina inner Carpathian basin; and calcareous aeolian
sands of loamy sand and sand textures are parent materials of chernozems developed at some
few sand dunes scattered in Podunajska nizina lowland.

Significant feature of some chernozems in Slovakia is presence of calcium carbonates in sur-
face mollic horizons both in form of microcristaline impregnation of soil matrix not visible by
unaided eye and in macromorphological forms such as pseudomycelia (soft accumulations in
pores built by needle calcite) and hard nodules [6, 7]. Features of hydromorphic development
(usually rusty mottles of redistributed oxidized iron, sometimes also iron depleted reduction fea-
tures) are evident in soil profiles of some chernozems in Danube alluvium [7]. Chernozems at
Podunajska nizina lowland form a topoclimasequence with increasing depth of decalcification
towards the mountains as described by Mician and Bedrna [13], and Bedrna [1]. A bit different
pattern is developed in the Vychodoslovenska nizina lowland, where chernozems are more
leached of calcium carbonates and more influenced by subsurface water [2].

Fig. 1. Spatial distribution of chernozems in Slovakia (after Hrasko et al., [10])
Soil classification system of Slovakia. Although the problem of evaluation and classifica-

tion of chernozems attracted some attention in Slovakia already in 2nd half of 18th century and
the basis of the genetic soil classification were laid during the first half of 20" century adopting
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the pedogeographic and pedogenetic principles of Russian pedological school, as well as the ter-
ritorial extension of chernozems was approximately known already that time the first soil classi-
fication having continual importance until today is that of Némecek at al. [14] used for compila-
tion of large and medium scale soil maps during the General Soil Survey of agricultural soils of
former Czechoslovakia in 1961 — 1970 period. Genetic classification had four-taxonomical lev-
els. At first three levels the soil classification was based on combination of genetic horizons and
at the lowest level the soil parent material, texture and stoniness were used.

Late 1980ies brought an important milestone of the soil classification evolution. After many
decades of domination of genetic classification a first morphogenetic soil classification system
was published by Hrasko et al. [8]. New system involved both agricultural and forests soils.
Soon it was revised (Hrasko et al. [9]. The system comprised of five taxonomic levels; the lowest
level of taxonomic system was further specified by soil parent material and texture. Genetic
principles of soil classification took place at the highest level (soil groups); the lower levels fol-
lowed exactly defined morphometric criteria for classification of diagnostic horizons, soil types
and subtypes (combination of diagnostic soil horizons), soil varieties (significant chemical prop-
erties of soil) and soil forms (erosion/accumulation, anthropic influence).

So far, the last version of national soil classification system of Slovakia was published by
Societas Pedologica Slovaca in 2000 [15]. This last approximation of Morphogenetic soil classi-
fication system of Slovakia (further referred as MSCSS) follows the classification principles of
the former version [9] and its hierarchy of the taxonomic levels and principles of their definition.
Most significant change from the previous version is introduction of diagnostic soil properties
into the system, refinement of the most of soil diagnostic horizon definitions and reconsideration
of soil classification into the soil groups. Actually, MSCSS is the generally accepted national
Slovak reference for classification both agricultural and forest soils.

Classification criteria for chernozems in MSCSS. Definitions of chernozems by WRB are
easy accessible from various public domains and therefore only their classification by MSCSS
are described below.

In total, twelve soil groups can be distinguished on the highest taxonomic level of MSCSS.
Chernozems are classified in soil group of mollic soils. MSCSS defines mollic soil group as a
group of soils having mollic horizon and lacking any other fully developed diagnostic horizon
with only exception of gleyic diagnostic horizon. Three soil types are distinguished in mollic soil
group: 1) smonica, 2) cernozem, and 3) ciernica, from which only cernozem stands for cher-
nozems in the narrowest meaning. Remaining soil types smonica and ciernica stand for mollic
soils having vertic properties and mollic soils having developed under significant hydromorphic
conditions, respectively.

Although some MSCSS soil taxonomic units of other than cernozems could be classified as
Chernozems in WRB, here we concern only soil type of cernozem because discussion of all other
soil taxonomic classes would go beyond the scope of this article. Therefore soil types of smonica
and ciernica from mollic soil groups and mollic subtypes of slanec and soloncak soil types from
salinic soil group are not considered in this description.

Chernozems (cernozem) are in MSCSS defined as soils having mollic surface horizon with
or without content of calcium carbonates which developed from unconsolidated parent materials.

Mollic horizon (Am) is defined as dark, well-structured surface horizon saturated by bases having:
a) thickness more than 10 cm;

b) humus content from 1 to 30 %;

¢) moist color value less than 3.5 and chroma less than 3.5; dry color value less than 5.5; and
when moist the value at least one degree and chroma at least two degree darker than underly-
ing substrate horizon;

d) base saturation of more than 50%;

e) and at least one of the following:

— portion of Ca (Mg, Al, Fe) bounded humic acids of at least 40% of total humic acids content;

— humic acids to fulvic acids ratio higher than 1;
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— portion of bounded humic acid to free humic acids equal or higher than 3;

— portion of free humic acids from total humic acids lower than 20 %;

— color quotient Q4/6 equal or lower than 3 for humic acids and equal or lower than 4 for all
humic substances;

— organic carbon to organic nitrogen ratio of 12 or less.

Cernozem soil type is subdivided to several subtypes characterized by evidences of soil
forming processes other than organic matter accumulation. The use of subtypes in soil classifica-
tion is not exclusive and more than one subtype specification can be used to classify the soil.
Subtypes of chernozems (cernozem) are defined as follows.

a) Typical chernozem (cernozem moddlna) no other dignostic horizons or features of other soil
forming processes;

b) Cultivated chernozem (cernozem kultizemna) having plough diagnostic horizon (Akp) down
to a maximum depth of 35 cm which is characterized by having features of soil cultivation
such as homogenization of the upper soil layer, abrupt transition to underlying horizon, com-
paction of layer directly underlying the plowed horizon, lighter color than underlying hori-
zon, or some traces of liming or fertilizers and manure application;

¢) Brown chernozem (cernozem hnedozemnda) having some features of clay illuviation under
the mollic horizon (at least some clay coatings in transition A/C horizon), but lacking Luvic
diagnostic horizon (Bt);

d) Luvic chernozem (cernozem luvizemnd) having luvic diagnostic horizon below the mollic
horizon defined as soil horizon of illuvial accumulation of translocated clay having 1) thick-
ness of more than 15 cm, 2) increase in content of the particles smaller than 0.002 mm as
compared to overlying horizont depleted of clay within depth interval of 30 cm of 3, 20 or 8
% for the soils with clay content of less than 15%, 15 — 40%, or more than 40 %, respec-
tively, 3) soil pores filled or at least 10% of soil aggregates covered by oriented clay coat-
ings, and 4) exchangeable Na content of less than 5%, free iron content of less than 2.5 %,
and both organic matter content of less than 1 % and not more than 50 % of organic matter
content of the overlying A horizon;

e) Cambic chernozem (cernozem kambizemna) having features of brunification (alteration)
such as reddish color, better developed soil structure, increase in clay content as compared to
underlying or upper horizons, or at least carbonates are totally leached from transition A/C
horizon;

f) Gleyic chernozem (cernozem ciernicova) having oxidation features of gley diagnostic hori-
zon Go in substrate horizon starting within 100 cm from soil surface (10 % or more of Fe-Mn
impregnations or accumulations in soil matrix resulted from temporal saturation of soil by
capillary water, less than 10 % of reduction pattern in the soil);

g) Salic chernozem (cernozem slaniskovd) having some features of readily soluble salts accu-
mulation in soil profile (EC 4 — 15 mS/cm, or 0.3 — 1% content of readily soluble salts if soil
pH (in H,O) is less than 8.4).

At next classification level soil varieties are distinguished in order to express some specific
features of soil chemism, particularly the carbonate content in surface horizon or contamination
of soil by inorganic contaminants. Thus for each of above mentioned subtypes the carbonate va-
riety and contaminated variety can be distinguished.

The lowest classification level of soil form is dedicated to express the possible impact of soil
erosion and accumulation processes. Eroded or accumulated forms of chernozems reflect the
presence of signs of anthropogenic erosion or accumulation in the soil profile; or fluvial accumu-
lation in the case of chernozems developed on alluvial sediments.

Results and their discussion. The comparison of the chernozems expressed in MSCSS and
WRB is given in Tab 1. The table is constructed in the way it emphasizes some problematic

definitions in WRB with regard to the Slovak chernozems. These are more rigorous moist soil
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color criteria for mollic horizon of chernozems and fluvial sediments having features of fluvic
material as parent material of some chernozems.

Moist soil color criteria for mollic horizon seem to be the most problematic with regard to
Slovak chernozems classification in WRB. Application of this criteria implies that soils of very
similar morphological properties (with only exception of color) having very similar position and
performance within the ecosystem and being often also geographically located in close vicinity
are classified as two different soil types — Chernozems and Phaeozems,

1. Approximate comparison of the Slovak chernozems definition in MSCSS and WRB classifica-
tion.

Classification by WRB (no suffix qualifiers assumed)
no fluvic material fluvic material
chroma <2 chroma > 2 chroma <2 chroma > 2

Subtype of chernozem
according MSCSS

Endofluvic Cher-
Haplic Chernozem | Haplic Phacozem nozem /Mollic Flu- | Mollic Fluvisol
visol

Typical chernozem (cer-
nozem modalna)

Endofluvic Cher-
Haplic Chernozem | Haplic Phacozem nozem /Mollic Flu- | Mollic Fluvisol
visol

Cultivated chernozem
(Cernozem kultizemna)

Brown chernozem

. , Calcic Chernozem | Calcic Phaeoozem - -
(Cernozem hnedozemnda)

Luvic chernozem (cer-

. , Luvic Chernozem Luvic Phacozem - -
nozem luvizemnd)

Cambic chernozem (cer-

. , Calcic Chernozem | Calcic Phaeozem - -
nozem kambizemna)

(Endo-, Epi-) gleyic
Endofluvic Cher- Mollic (Endo-,

oo ciomicond) | leyie Chermzem | gleyi Phacorem | 10 Mollie | Epi) glyic
(Endo-,Epi-)gleyic | Fluvisol
Fluvisol
Endosalic En-
Salic chernozem (cer- Endosalic Cher- Endosalic dogleyic Cher- Mollic Salic Fluvi-
nozem slaniskova) nozem Phaeozem nozem /Mollic Salic | sol
Fluvisol

The second item for discussion is an emphasis of climate and vegetation soil-forming condi-
tions of Chernozems and Phaeozems in WRB, [11] p. 76 and p. 88. This could be, however, not
completely true for Slovak [7, 12], or Central European chernozems [5] as chernozems in Central
Europe have developed in area at transition between continental and oceanic climate and the steppe
conditions were not so pronounced here. The reason of the observed differences in soil morphol-
ogy (soil color for instance) could have been caused also by some other factors than zonal change
of soil-forming factors usually reported for large regions of Eurasia or Northern America having
well developed soil zonality. Strict referring to climate and vegetation conditions as defined in
WRB may bias the interpretations of geographical conditions of Slovakia.

The third item for discussion is the problem of fluvic material as parent material of cher-
nozems, although it does not seems to be too important. Most of the Slovak chernozems devel-
oped from alluvial sediments can be classified as Chernozems and further specified by Endoflu-
vic qualifier. A bit problematic with regard to fluvic material as parent material of chernozems
having light-colored mollic horizons seems to be the fact that for Phaeozems there is not explic-
itly listed Endofluvic qualifier and all soils having fluvic material have to be classified in Fluvi-
sols reference group.

Conclusions. Chernozems of Slovakia have some genetic and morphological particularities
well reflected in national soil classification system of Slovakia (MSCSS, [15]). The comparison
of chernozems classification in MSCSS and WRB showed that both classification systems can be
correlated. The conversion table which resulted from the comparison of both classifications can
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be used as a practical tool for quick conversion of information stored in national databases.

Alongside with that the comparison enabled to identify few particular problems of such conver-

sion resulting from some differences of diagnostic criteria. The problem points are following:

— More strict moist soil color criteria (chroma 2 or less) of mollic horizon used for Chernozem
definition in WRB split Slovak chernozems if classified according to WRB into Phaeozems
and Chernozems;

— The concept of chernozem as strictly climazonal soil adopted in WRB does not provide a re-
alistic picture of the origin of Slovak chernozems;

— Different concept of soils developed from fluvial deposits affects the conversion of cher-
nozems developed from fluvial deposits. A bit problematic seems to be the fact that for
Phaeozems there is not explicitly listed Endofluvic qualifier and some chernozems developed
at alluvial planes and having moist color value higher than 2 are falling to Mollic Fluvisols.
Regardless the abovementioned problems we can conclude that WRB system can be suc-

cessfully used as reference for exchange of information on soil between national (Slovak) and

international scientific community. With this respect it is important to keep in the mind the iden-
tified differences of some classification criteria.
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KOPEJIAIIA KJTACUPIKAIIII YOPHO3EMIB Y WRB
TA HAINOHAJIBHIN CJIOBALBKIN KJIACUPIKAINIMHIN CUCTEMI

P.Ckaancobki, E.®@yaamkrap, b.Illypina

Haykogo-oocnionuii incmumym epynmosnascmea, Cnosayyuna,

skalsky@vupu.sk, fulajtar@vupu.sk, b.surina@chello.sk

HaBenena indopmartis mono knacudikarii yopHozemiB y CrioBarpKili HalliOHaNBHIN Kiacudika-
UiliHiA cucTeMi Ta oOroBopeHi nmpobinemu kopensuii 3 WRB. 3anpornonoBana kopedsiniliHa cxema,
IO J03BOJISIE PO3TIsLIATH criequdivHi KaTeropii YopHO3eMiB y HamioHaJbHIN Kiacugikamii 3 mo-
sumii WRB, nmae MOXIWBICT TOPIBHIOBATH 3arajibHi MOHATTA 1 crenuivHi Kputepii, igeH-
TH(]IKyBaTH TOJIOBHI MPOOJIEMH TIEPETBOPEHHS 3 OTJIAAY Ha pi3HY (inocodiro kmacudikamiii Ta He-
yHI(IKOBaHICTh KUTBKICHUX KPUTEPIiiB. BU3HaueHI NUISAXK TOAONAaHHS 3a3HAYEHUX TPYIHOIIIB.
Krouosi cnosa: uoprozemu, kracughikayis woproszemis, mouaiconi, kiacugpixayis moxaiconeti, WRB,
Cnosayvka knacughikayis epynmis
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