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INTRODUCTION 

Background information on Greyzems
The term Serozem (in Russian “Seroziom”, in Slovak “Šedozem”) was introduced by Russian soil scient-

ist S.S. Neustrujev (1874–1928) for zonal soils characterised by grey topsoil (Smolík 1957). This term was 
adopted by international soil science community and transferred to several soil classifications world-
wide. A.N. Rosanov (ex. Smolík 1957) characterized Greyzems as follows:

• strong mineralization of organic matter on the surface and enough CaCO3
• strong weathering of primary alumosilicates leading to accumulation of clay minerals
• illuviation characteristic by accumulation of salts and clay particles containing the weathering 

products of primary alumosilicates
• during winter and spring season the overwetting penetrating to the deeper part of soil profile, what 

allows deeper rooting of plants
• the mass of bacteria noticeably visible in soil organic matter
• significant content of living plant substances up to soil surface
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Abstract 
This paper provides contribution to characterization of Greyzems occurring in Slovakia and their classification 

in Slovak soil classification system (Morphogenetic Soil Classification Systems of Slovakia, MKSP). Greyzem 
(Šedozem in Slovak) was involved in earlier versions of the Morphogenetic Soil Classification Systems used in 
Czechoslovakia (MKSP ČSSR, 1987, MKSP ČSFR, 1991) but it was not involved in later Slovak soil classifica-
tions (MKSPS, 2001, 2014), because their characterization was doubtful and it was not sure whether they really 
occur in Slovakia. It is well known that Greyzems have properties similar to Chernozems but have an argic hori-
zon (Am – Bth – B/C – C horizonation). They should occur mostly on the outskirts of Chernozem and Luvisol 
areas. This paper is based on information from published studies characterizing Greyzems as well as on own 
measured data representing the selected soil profiles of Greyzems in Slovakia. The basic physical properties (frac-
tional textural composition according to USDA) and chemical properties (pH/H2O, exchangeable cations Ca2+, 
Mg2+, K+, Na+, available nutrients P, K and Mg according to Mehlich III., soil organic carbon SOC and its qualit-
ative parameters HA, FA, Q4

6) were analysed (using standard analytical procedures adopted for Soil monitoring 
system of Slovakia) at NPPC – Soil Science and Conservation Research Institute Bratislava. The graphical out-
puts (maps) were processed using GIS. Based on the results obtained from own field surveys and considering the 
international classifications (FAO – WRB 2022, USDA – Soil Taxonomy 2022) Greyzems should be reintroduced 
back to the updated version of Morphogenetic soil classification system of Slovakia, which is recently under pre-
paration.
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• significant micro-aggregation leading to destruction of structure, probably helped by the abundant 
edaphon

In English the term Greyzem (composed of Anglo-Saxon “grey”, and Russian “zem” abbreviated from 
“zemlja” meaning land or soil) was adopted. In 1970s the term Greyzem was adopted by FAO, and it is 
connotative of uncoated silt and quartz grains which are present in layers rich in organic matter (FAO 
1997). Greyzems were incorporated to a nomenclature used in the FAO soil classification system which 
was introduced with the UNESCO Soil map of the World in 1978. The legend prepared for this map 
(FAO – UNESCO 1974) recognised Greyzems as one of the original 26 Great Groups presented by Soil 
map of the World. According to Key to the FAO Soil Units (FAO 1978) Greyzems are the soils having 
a mollic A horizon with a moist chroma of 2 or less to A depth of at least 15 cm, showing bleached coat-
ings on structural ped surfaces and two soil units are distinguished: 

• Gleyic Greyzems (Mg): Greyzems showing hydromorphic properties within 50 cm of the surface;
• Orthic Greyzems (Mo): other Greyzems.
The term “gleyic” comes from the Russian local name “gley” meaning “mucky soil mass” and is connot-

ative of an excess of water and “orthic” from Greek “orthos” meaning “true” or “right” and is connotative 
of a common occurrence.

Greyzems remained as one of the 28 groups also in the following revised version of the FAO soil classi-
fication from 1988 and 1997 and two soil units were revised as follows (FAO 1997):

• Gleyic Greyzems – Greyzems showing gleyic processes within 100 cm of the surface;
• Haplic Greyzems – Greyzems lacking gleyic properties within 100 cm of the surface.
The term “haplic” comes from the Greek “haplous” (simple) meaning soils with a simple, normal hori-

zons sequence. Greyzems are associated with Chernozems, Kastanozems, and Phaeozems, and these four 
soil groups dominate in the soilscape of steppe biome (grassland ecosystems of temperate to subtropical 
climates known under several regional terms such as steppe in Eurasia, pampa in South America or 
prairie in Northern America). These soils are all characterized by a mollic horizon and vegetation of dry 
forest and ephemeral grasses where accumulation of organic matter dominates over leaching processes 
(Hillel et al. 2005). 

In general, the Greyzems were indicated to occur only in temperate areas (FAO-UNESCO 1974). These 
soils especially in Central and East European plains have an intricate profile with a mollic a horizon, with 
a platy structure and bleached sand grains in its lower part, an argic horizon with distinct humus-clay coat-
ings and bleached sand grains on ped faces and sometimes in the middle part of soil profile an accumula-
tion of dark-coloured organic matter known as the second humus horizon is formed (Miedema et al. 1999).

The later development of FAO soil classification resulted in great changes, and the reworked concept 
was presented in 2014 under a completely new name – World Reference Base for Soil Resources (IUSS 
Working Group WRB 2015). This new classification downgraded the importance of Greyzems. The ori-
ginal concept of Greyzems as a great group was abandoned and it was replaced by greyzemic qualifier. 
According to IUSS Working Group WRB (2022) Greyzems are classified in the sequence: Greyzemic 
Chernozems – Greyzemic Phaeozems – Greyzemic Umbrisols where the principal greyzemic (gz) qual-
ifier is characterised by having uncoated sand and/or coarse silt grains on soil aggregate surfaces in the 
lower half of its mollic horizon.

The Russian soil scientist V.V. Dokuchaev (ex Smolík 1957) already mentioned the Greyzems and clas-
sified them as degraded Chernozems, derivatives of Chernozems which are situated mostly under forests 
and divided them into the following three groups:

• Chernozemic soils: typical soils occurring under steps, soils close to Chernozems with a humus con-
tent of 8–2.5%

• Transitional soils: grey forest soils – derivative of Chernozems with the humus content of 6–2%
• Non-chernozemic soils: light grey forest soils with the humus content of 5–1.5%.
In recent Russian soil classification, the Greyzems of FAO corresponds to Grey Forest Soils (“serye lesnye 

pochvy” in Russian). They are zonal soils of the forest-steppe zone of Russia geographically situated between 
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the Luvisols (Podzols) of the southern taiga forest and the (Luvic) Chernozems of the steppe (Miedema et 
al. 1999). Greyzems are characterized by a dark mollic horizon with uncoated (bleached) silt and sand grains 
on ped faces, and an argic horizon as diagnostic horizons. According to Miedema et al. (1999) the following 
processes have been deduced: decalcification and secondary accumulation of carbonates, humus accumula-
tion, clay illuviation, biological activity, degradation of mollic a horizon (occurrence of bleached grains), 
downward migration of textural components (clay and silt) and organic matter and their accumulation in 
the Bt horizon forming the black organo-clay coatings and uncoated silt/sand grains along the major ped 
faces. The tentative sequence of these processes during Late Weichselian and Holocene period leads to con-
clusion that Greyzems are polygenetic. The Greyzems in the central part of the East European plain have an 
intricate profile with a mollic horizon, in its lower part with platy structure and bleached sand grains, and 
an argic horizon with distinct humus-clay coatings and bleached grains on ped faces (Miedema et al., 1999). 

Grey Forest soils (Greyzems) are also predominantly widespread in the forests of the Northern Mol-
davian Plateau and were formed in conditions of moderately warm semi-humid to humid temperate cli-
mate and low-contrast soil hydrothermal regime. The pronounced textural differentiation of the typical 
Greyzem profile of the Northern Moldavian Plateau occurred under the action of pedogenesis processes; 
“in situ” alteration; leaching of the colloidal material of the alteration (Cerbari et al. 2021). 

Here is an example of 2 soil profiles of Greyzems (Figs. 1 and 2) located on arable land and under oak 
forest in Briceni district, Moldova (Cerbari et al. 2021). These soils have a polygenetic origin, the natural 
vegetation was restored and the pedogenesis process was modified, towards the Chernozems formation. 
As a result of local climate Greyzems were formed (Cerbari et al. 2021).  

 The occurrence of Greyzems in the USA and Canada is very rare, and the transitional zones of the 
grassland and forests are occupied mostly by Luvic Phaeozems and Chernozems (Argiborolls/Argiudolls 
/Argiustolls). In Canadian Soil Classification (Soil Classification Working Group 1998) the Greyzems 

Figure 1 Profile of Grey soil (Greyzem) chernic, 
clayey-loamy arable (Moldova)

Figure 2 Profile of Grey soil (Greyzem) typical, 
clayey-loamy, forest (Moldova)
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would most closely correlate to Dark Grey Chernozems representing transition between grassland 
Chernozemic soils and the more strongly leached soils of forested regions. In USDA Soil Taxonomy 
(1994) the term Greyzems is not used, and these soils fit to several different taxa such as Albolls suborder, 
Argiborolls great group and Boralfic Borolls subgroups.

Greyzems are mentioned also in other soil classification systems, e.g. in Japan soil classification system 
of cultivated soils (Classification Committee of Cultivated Soils 1996) Gray Lowland Soils as well as Gray 
Upland Soils are mentioned. Gray Lowland Soils are defined as “lowland soils that have a mottled hori-
zon formed under seasonal saturation of groundwater with its upper boundary within 50 cm of the min-
eral soil surface”. The mottled horizon formed under the influence of groundwater is characterized by 
iron mottles along the pores such as tubular mottles along root channels. In contrast to this, grey parts 
spread along pores in greyed horizon formed water irrigation in water aquic conditions. These soils 
widely occur in nearly flat coastal plains, flood plains, delta plains, valley bottoms and alluvial fans.

Gray Upland Soils are “ill-drained upland soils formed under a seasonal saturation with stagnant water, 
that have grey coloured horizon with rusty iron mottles of any shape, with its upper boundary within 50 
cm of the mineral soil surface”. Many of these soils are found on Pleistocene terraces, but they often de-
velop also artificially on man-made terraced paddy fields in mountainous and hilly areas of Japan. 

Based on this literature review it may be said that Greyzems represent a wide range of black soils with 
dominant humus accumulation and migration of textural components and soil organic matter down-
wards into the Bt horizon.
Greyzems in Central Europe and Slovakia

In Central European countries the investigation of Greyzems began in 1950s. The statement “Today we 
are very interested in Greyzems” made by Smolík (1957) indicates a strong interest in Greyzems in that 
period. 

The Polish Soil Classification (Kabala et al. 2019) distinguishes the grey soils internationally classified 
as Phaeozems or Umbrisols as “gleby szare” (from Polish “gleba” being “soil” and “szary” meaning grey). 
Polish pedology distinguishes between several steps of organic material degradation and transformation 
of organic layers into mineral-organic and mineral soil horizons after the drainage (Łabaz & Kabala 
2016).

In former Czechoslovakia the importance of Greyzems was highlighted already by Smolík (1957) who 
was a first pioneer at this field. Němeček et al. (1990) specified the main characteristics of Greyzems/
Phaeozems – Luvisols – Retisols – Planosols genetic sequence (IUSS Working Group WRB 2022) on 
loess and polygenetic loess like loam for the conditions of former Czechoslovakia: 2% of humus content 
in the Ap horizon, 0.6% of humus content in Bth horizon and CHA/CFA ratio higher than 1 (mostly in 
the range of 1.5 – 1.8) and divided them as follows:

• boreal, intermediate 
• typical modal 
• chernozemic 
• luvic.
 Greyzems are situated mostly on flat landscapes and under the plough horizon they have a grey, silty 

eluvial part of chernozemic, gradually melanic horizon (in extreme cases also an albic E horizon, that 
transitions into a grey argillic Bth horizon with dark mineral and organic coatings. In some cases (eroded 
Greyzems) Bth horizon occurs directly under the plough horizon. The genetic soils sequence of 
Greyzems – Luvisols – Retisols the individual sequence members are mutually recognizable according 
to specific argillic horizon, in Greyzems having dark coatings, in Luvisols brown coatings and in Retisols 
having a tonguing degradation. Modal Greyzems differs from neighbouring Luvic Chernozems by soil 
genesis and age. Concerning the thickness of soil horizons and soil properties Modal Greyzems follow 
up after Luvic Chernozems having the same depth of humous eluvial Ame horizon (0.54–ß0.55 m), but 
a thicker Bth horizon, and also a greater decalcification depth. It is therefore possible to say that 
Greyzems are close to Luvisols with dark argillic horizon which can be classified as eroded Greyzems. 
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Argillans in Greyzems contain dark condensed humic acids (colour coefficient Q4
6 in Bth horizon is 

lower than 4.0). The CHA/CFA ratio is higher than 1. Soil profile of Greyzems is characterised by ad-
vanced humification with a humus content of about 2%. Greyzems need to be assessed in a sequence of 
Greyzems – Luvic Chernozems – Luvisols. These soils often show a mosaic or patchy spatial arrangement 
in the landscape. These soils are deep and fertile; they occur mostly on loess and usually are used as ar-
able land. 

In Slovakia the investigation of Greyzems (Šedozem in Slovak) was initiated by Hraško & Linkeš (1989) 
and Hanes et al. (1997). Hanes et al. (1997) involved Greyzems in the group of illimerized soils. These 
authors define Greyzems to be soils with organo-luvic B horizon under mollic chernozemic a horizon 
and less expressive humus-eluvial Ae horizon. Colloidal coatings (due to colloid translocation) occur in 
B/C horizon. According to Hanes et al. (1997) the soils of this type are distributed only locally in the loess 
hilly areas (altitude about 200–300 m above sea level in areas more humid than the Chernozem regions). 

In the Morphogenetic Soil Classification System of CSFR (Hraško et al. 1991), Greyzems are classified 
as the soils with organo-luvic B horizon under mollic chernozemic a horizon and slightly pronounced 
humus-eluvial Ae horizon with colloid coatings occurring also in the whole transitional B/C horizon. 
The following two soil subtypes of Greyzems were distinguished:

• Haplic Greyzem (Šedozem typická – SMm in Slovak) – without next diagnostic horizons
• Luvic Greyzem (Šedozem hnedozemná – SMh in Slovak) – with melanic to mollic chernozemic 

A horizon, without humus-eluvial Ae horizon, and with Amč – Bth – C horizonation. 
These two soil subtypes correspond to Orthic Greyzem and Luvic Chernozem of earlier FAO classific-

ation (FAO 1997). 
According to Hraško & Linkeš (1989) Greyzems have relatively light mollic A horizon and argic dia-

gnostic B horizon. Thickness of A horizon usually 0.4–0.6 m with an organic matter content of 1.6–2.5% 
(Hanes et al. 1997). Quality of humus is worse than in Chernozems. Soil reaction is usually slightly acid 
to neutral. Cation exchange capacity (CEC) is ranging from 140 to 180 mmol(p+). kg-1. Base saturation is 
more than 75% (Hanes et al. 1997). 

Greyzems belong to the most fertile soils of Slovakia and are intensively cultivated. Therefore, it is det-
rimental to the cause that in the last versions of the Slovak soil classification the Greyzems are missing 
(VUPOP & SPS 2000, SPS 2014).

The Czech soil classification system is derived from the same Czechoslovak soil classification (MKSP 
ČSSR 1987, MKSP ČSFR 1991) similarly as the Slovak classification system but it kept the Greyzem 
concept because in Czech Republic Greyzems are more abundant and their occurrence was not doubtful. 
Thus, Greyzems are involved in both version of Czech soil classification (Němeček et al. 2001, 2011) and 
they represent soils with deep (> 0.3 m) grey melanic – degraded chernic horizon in the poor clay part 
of Ame horizon as far as the soils where the humus accumulation is limited on current topsoil or even 
soils with a more pronounced eluvial horizon. A major feature of all these soils is the presence of Luvic 
horizon (corresponding to argic horizon of WRB) with dark argillans – Bth. Their distribution is mostly 
on the edge of Chernozems on loess with horizonation: Ap – Ame – Bth – Ck or Ap – Bth – Ck or Ap – 
Ev – Bth – Ck (Němeček et al. 2001). The following three basic subtypes are distinguished:

• Haplic Greyzem (šedozem modálna, SMm) – deeply humous soil, Ame 0.4–0.6 m.
• Luvic Greyzem (šedozem luvická, SMl) – without deep humification, Ap or Ap – Ev over Bth
• Stagnic Greyzem (šedozem oglejená, SMg) – medium pronounced redoximorphic features
In the last version of Taxonomical Soil Classification of Czech Republic (Němeček et al. 2011) the one 

new soil subtype of Greyzem was added:
• Anthric Greyzem (šedozem antropická, SMa) – strongly influenced by human activities, mainly cul-

tivation but the original horizonation and morphological features are preserved sufficiently to allow 
identifying the soil type. 
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MATERIAL AND METHODS 

Two soil profiles of Greyzems were selected from the Soil Monitoring Network of Slovakia: Hlohovec 
Site in Nitrianska pahorkatina (hillock) – and Dolné Príbelce Site in Ipeľská kotlina (basin). Their posi-
tions are shown on Figure 3. 

The collected soil samples were analysed for these parameters: 
soil texture (according to USDA)
• pH/KCl (0.2 M KCl)
• pH/H2O
• pH/CaCl2
• exchangeable cations Ca2+, Mg2+, K+, Na+

• soil organic carbon (SOC)
• total nitrogen (Nt)
• organic matter quality (CHA, CFA, Q4

6)
• available macronutrients (P, K, Mg) (Mehlich III.)
• available micronutrients (Cu, Zn, Mn) (DTPA)
All chemical and physical parameters have been determined using the analytical methods standardised 

for Soil Monitoring System of Slovakia (Kobza et al. 2011). Measured soil data and graphical outputs 
were processed in GIS. 

RESULTS AND DISCUSSION

The selected soil profiles (Fig. 4 and 5) are situated on intensively cultivated land of Western and South-
ern Slovakia. These areas belong to major agricultural regions of Slovakia. Both selected soil profiles rep-
resent fertile soils having a deep soil profile suitable for root penetration, good drainage, high content 
and good quality of organic matter (mollic A horizon). 

Figure 3 Position of selected study sites 
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Site: Hlohovec, geographical position: WGS 84: N48.415, E17.825 

Akp 0–30 cm, mollic A horizon, 10 YR 3/3 – 
dark brown, moist, cultivated, well rooted, 
sandy loam, subangular blocky structure, 
clear and smooth boundary

ABth 30–45 cm, 10 YR 3/3 – dark brown, moist, 
humus coatings penetrating to Bt horizon, 
sandy loam subangular blocky structure, 
slightly rooted, gradual boundary

Bth 45–63 cm, 10 YR 4/4 – dark yellowish 
brown, moist, sandy clay loam, subangular 
to prismatic structure, clay and humus 
plugs, slightly rooted, clear boundary 

C > 63 cm, mostly sandy depositsFigure 4 Soil type: Greyzemic Tonguic Luvic Phaeozem (Loamic, Anthric) (WRB 2022); 
Šedozem kultizemná (MKSP 2014)

Pedosphere Research, Vol. 5, 2025, No. 1: 34–48

Review



41

Site: Dolné Príbelce, geographical position: WGS 84: N48.187, E19.266

Akp 0–30 cm, mollic A horizon, 10 YR 3/3 – 
dark brown, moist, cultivated, well rooted, 
sandy loam, subangular blocky structure, 

ABth 30–45 cm, 10 YR 3/3 – dark brown, moist, 
humus coatings penetrating to Bt horizon, 
sandy loam subangular blocky structure, 
slightly rooted, gradual boundary

Bth 45–63 cm, 10 YR 4/4 – dark yellowish 
brown, moist, sandy clay loam, subangular 
to prismatic structure, clay and humus 
plugs, slightly rooted, clear boundary 

Akp 0–30 cm, mollic A horizon, 10 YR 3/3 – 
dark brown, moist, silty loam, subangular 
blocky structure, well rooted, clear and 
smooth boundary

ABth 30–40 cm, 10YR 3/3.5, moist, silty clay 
loam, subangular blocky structure, slight 
oxi-mottling (2%), few roots, diffuse 
boundary

Bth 40–60 cm, 10 YR 2.5/3, moist, silty clay 
loam, prismatic structure, oxi-red-mot-
tling (5%), occurrence of dark argillans 
(humus plugs), shiny faces, diffuse bound-
ary

B/Cg > 60 cm, 10 YR 3/4 – dark yellowish 
brown, silty clay loam, predominance of 
grey mottles (15%)

Figure 5 Soil type: /Greyzemic Tonguic Luvic Stagnic Phaeozem (Siltic, Anthric) (WRB 2022); Šedozem 
pseudoglejová kultizemná (MKSP 2014)
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Colour of Greyzems differs from Chernozems by value (Munsell charts) and Luvisols by chroma (Mun-
sell charts). Colour differences between Bth, Bt, Btg and Bg horizons reflect the specific character of coat-
ings on ped faces, e.g. dark argillans, brown argillans and reduction and oxidation processes running 
differently on ped faces and in cores of soil aggregates. Nodules are characterized by accumulation of Fe 
and Mn. Mn precipitations may accumulate on ped faces forming dark coatings. Similarly, like in 
Chernozems also in Greyzems and in some Luvisols calcareous nodules are abundant especially in lower 
part of the soil profile.

Basic soil properties of selected Greyzem soil profiles are presented in Tables 1–4. 

Table 1
 Soil texture

Soil texture is influenced by soil parent material (in this case mostly loess), intensity of weathering and 
by intensity and depth of cultivation because most Greyzems in Slovakia are used as arable land. 

Soil profile in Dolné Príbelce developed on polygenetic loess like loam of Ipeľská kotlina (basin). It has 
silt loam texture in both topsoil and subsoil. 

Soil profile in Hlohovec is situated in Nitrianska pahorkatina (hillock) on calcareous sands. The topsoil 
is sandy loam and subsoil sandy clay loam. Although the texture is similar in both topsoil and subsoil, 
significant difference is in clay content (ca 16.5 versus 25%). Clay content in soil profiles is variable espe-
cially in relation to topsoil and subsoil ratio (coefficient of textural differentiation 0.86 at Dolné Príbelce 
site and 1.51 at Hlohovec site) which is related to some extent with thickness of mollic Am horizon as 
well as with content of humus in Bth horizon (mostly in form of humus plugs).

The textural differentiation is more pronounced in Luvisols, Retisols and Planosols (coefficient of tex-
tural differentiation ranging of 1.47–2.54), as what it was demonstrated in previous works (Kobza 2003, 
Fulajtár, sen. 1986). Stronger transport of clay particles into the deeper part of soil profile prevents higher 

Site Depth
[cm]

< 0.002 mm
[%]

0.002–0.05 mm
[%]

0.05–2 mm
[%]

Dolné Príbelce

0 – 10                       
20 – 30
30 – 40
50 - 60

24.98
25.79
21.55
21.55

55.30
53.62
59.29
59.29

19.72
20.59
19.16
19.16

Hlohovec
0 – 10

30 – 40
35 - 45

16.48
19.94
24.96

26.10
20.73
23.46

57.42
59.33
51.58

Figure 6 Map of potential distribution of Greyzems in Slovakia
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content of humus, better humification of soil profile also in deeper part of soil profile so Bt horizon is not 
well developed, often only in some features. This distinguishes these soils from Chernozems but also 
from Luvisols and Retisols (IUSS Working Group WRB 2022) where Bt horizon is well developed (> 15 
cm). 

In Slovakia Greyzems form a narrow and, in many areas, discontinuous transitional zone between 
Chernozems and Luvisols. They were not yet precisely mapped because when the soil survey was done 
in Slovakia, they were not distinguished as separated soil type. The areas with their potential occurrence 
are shown on Figure 6. The cultivation strongly influences their soil properties, especially in surface ho-
rizon. 

  Although the area of potential occurrence of Greyzems is relatively large (about 177 625 ha, i.e. 7.5% 
of agricultural land) in reality these areas are occupied by A mosaic of several soil types, such as 
Chernozems, Phaeozems, Greyzems and Luvisols.  

Table 2 
Basic chemical properties of selected Greyzems

Soil reaction is mostly neutral to slightly acid (Hlohovec). These soils are resistant against acidification. 
Buffer system based on carbonates, which are often present (at least in lower part of the soil profile) is 
manifested by dampening acidification tendencies. The value of active soil reaction (pH/H2O) is usually 
more than 6. The sum of exchangeable cation and the abundances of particular cations are the results of 
parent material and soil forming process in the context of climatic conditions, land use, land manage-
ment. and fertiliser inputs into soil. Soils with dominance of exchangeable Ca2+ and Mg2+ have optimal 
chemical dynamics, humus substances are saturated by Ca2+ and soils have granular and crumby struc-
ture (Kobza et al. 2024). The values of Ca2+/Mg2+ ratio are running in the range of 7.37 – 10.42. According 
to Čurlík (2003) the most favourable Ca2+/Mg2+ ratio (optimal for agricultural crops) is in the range 4:1–
6:1. The value from Dolné Príbelce site (7.37) is not far from it, while at Hlohovec Site calcium is more 
dominant. For comparison, in the Chernozems group an average Ca2+/Mg2+ ratio is 10.41, in Phaeozems 
group it is 7.60–9.76 and in Luvisols group 7.90 (Kobza et al. 2024). It seems that the Greyzems have their 
Ca2+/Mg2+ ratio closest to Phaeozems. 

Table 3 
Quantitative and qualitative composition of humus

Site Depth
[cm] pH/H2O pH/KCl

Exchangeable cations (cmol(p+).kg-1)
Ca2+ Mg2+ K+ Na+ Ca2+/Mg2+

Dolné 
Príbelce

0–10
20–30
30–40

6.25
6.08
6.40

5.55
5.37
5.69

85.64 11.61 2.74 0.01 7.37

Hlohovec

0–10
20–30
30–40
50–60

6.26
6.12
6.78
8.16

5.54
5.39
6.08
7.62

85.04 8.16 6.15 0.65 10.42

Site Depth
[cm]

SOC
[%]

Nt
[%] C/N Q4

6 CHA/CFA

Dolné
Príbelce

0–10
30–40

1.42
1.06 0.21 9.23 4.59 1.25

Hlohovec 0–10
30–40

1.14
0.82

0.12 9.34 4.65 1.13

Explanations: SOC – Soil organic carbon, Q4
6 – colour quotient, HA – humic acids, FA – fulvo-acids
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The quantitative and qualitative composition of humus is influenced by geographical conditions, 
mainly parent material and climate and by pedogenesis. The land management and changing cultivation 
techniques has also a strong impact. Obtained data (Table 3) show that investigated soils have sufficient 
amount and good quality of organic matter and they are suitable for agriculture. The SOC content of 
tillage horizons at both sites is above 1% (1.42% in Dolné Príbelce and 1.14% in Hlohovec) what corres-
ponds to ca 2–2.5% of soil organic matter (SOM). The organic matter quality is relatively good as it is 
indicated by measured parameters (C/N ratio, colour quotient Q4

6 and CHA/CFA ratio). However, the 
total nitrogen is low to medium (Bielek 1998).

The important indicator for evaluating the quality of organic matter is the colour quotient Q4
6 It indic-

ates how mature the organic matter is. The lower the Q4
6 value, the higher the SOM quality. The lowest 

average values of Q4
6 (4.1 – 4.2) were indicated in Chernozems and Phaeozems (Kobza et al. 2024), while 

the investigated soils in Dolné Príbelce and Hlohovec have slightly higher Q4
6 values (4.59–4.65). For 

comparison the highest average Q4
6 values (5.8–6.7) were indicated in Cambisols, above all in Cambisols 

on acid substrates and shales as well as in some Planosols (Kobza et al. 2024). 
The next qualitative indicator important for evaluation of SOM is C/N ratio, which is a good indicator 

of dynamics of soil quality (Franzluebbers et al. 2013) and determinates the supply of nitrogen in SOM 
in relation to soil fertility. According to Tobiášová et al. (2018) the most favourable C/N ratio is 10, at 
which the immobilization and mineralization processes reach an optimal ratio. In evaluated soil profiles 
the values of C/N ratio are slightly lower than 10 (9.23–9.34) and are even-tempered. This fits well with 
earlier values of C/N ratio measured in Slovak soils. Usually, they are in a narrow range of 8.8–10.4 
(Kobza et al. 2024). 

The last analysed parameter is the ratio of humic acids and fulvic acids (CHA/CFA). This ratio is another 
important indicator of the qualitative state of SOM (Kobza et al. 2024, Tobiášová 2018). In evaluated soil 
profiles CHA/CFA ratio is higher than 1. These values are characteristic for Chernozems and Phaeozems 
(Kobza et al. 2024) and indicate good quality of organic matter.

Based on obtained indicators it may be said that evaluated Greyzems are close to Chernozems and 
Phaeozems that are often designated as Black Soils according to following criteria of International Net-
work of Black Soils (INBS):

• a thick layer of humus (minimum thickness of 25 cm)
• a soil organic carbon (SOC) content greater than 2% and minimum soil organic matter (SOM) con-

tent of 2% up to 20% (histic epipedons are excluded)
• high base saturation (greater than 50%, umbric, melanic and fulvic epipedons are excluded)
• well drained (poorly drained soils are excluded).
Based on our results it may be said that investigated Greyzems fulfil the given INBS criteria for Black 

Soils. Black soils correspond to Mollisols in the USDA Soil Taxonomy, while in the WRB system Black 
Soils would correspond to three different but related soil groups: Chernozems, Kastanozems, and Phae-
ozems. Black soils in Slovakia according to INBS criteria (mostly Chernozems, Phaeozems and 
Greyzems) are characteristic with thick mollic humus horizon (average depth of 57 cm) with an average 
SOC content of 2.66% and average base saturation of 96.65% (Kobza & Pálka 2020, 2022).

Black soils are mostly situated in southwestern part of Slovakia; they belong to most fertile soils and are 
used mostly as arable land. Incidental occurrence of black soils is spread also in other parts of Slovakia, 
especially Phaeozems having sometimes (paleo)hydro-morphic features occur on alluvial planes of most 
Slovak rivers. They occur often also in cooler and moist regions with a slope inclination of 3-5° and more 
and often have a skeleton content at least in some part of soil profile (Kobza 2004).

Since the evaluated soils are intensively cultivated, very important is also the content of available mac-
ronutrients (P, K, Mg) and micronutrients (Cu, Zn, Mn) presented in Table 4.  
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Table 4 
Content of available macro- (P, K, Mg) and micronutrients (Cu, Zn, Mn) (0–10 cm)

  The content of available nutrients P, K, and Mg corresponds to intensive cultivation of these soils. The 
content of available phosphorus (P) is high to very high; the content of available potassium (K) is suffi-
cient to good, and the content of available magnesium is good to high (Kobza & Gáborík 2008). Based 
on obtained results it may be said that the supply of available macronutrients (P, K, Mg) is good in eval-
uated soils, similarly like in Chernozems, Phaeozems and Luvisols which are also intensively cultivated 
(Kobza et al. 2024).

The content of microelements is medium to high except for manganese (Mn) at Dolné Príbelce site, 
where its content is low (Table 4). In Slovakia, the manganese content is highly variable, ranging from 3 
to 80 mg.kg-1 (Kobza et al. 2024), what is classified as low to medium content (Kobza & Gáborík, 2008). 
Possible Mn deficiency is often a result of unfavourable local conditions (Demo et al. 2002).

Evaluated soil profiles have most of their properties are similar to Chernozems what can be expected as 
they occur in the neighbourhood of Chernozems. Greyzems are also strongly humiferous soils but with 
s slightly lower quality than Chernozems. Greyzems represent a transition between Chernozems to Lu-
visols. From Luvisols they differ by occurrence of dark argillans in Bth horizon, by thickness and colour 
(mostly 10YR 3/3 if moist) humus horizon and organic matter quality as they have mollic a horizon.

Finally, it remains an open question whether it is necessary to introduce Greyzems to Slovak soil clas-
sification as a new soil type or it would be sufficient to use for these soils already existing classification 
units, namely Luvic Chernozems (černozeme hnedozemné). Although they do not have Bth horizon 
which is characteristic for Greyzems they are defined as soils having 1) mollic A horizon and 2) argic Bt 
horizon or B horizon which does not meet all requirements for argic horizon but it shows an evidence of 
clay illuviation (clay coatings). Greyzems occurring in Slovakia are not so strongly developed as it is for-
mulated in original Greyzem concept because they are usually missing bleached white sand grains in 
a horizon. However, they differ significantly from Luvic Chernozems recently recognised by Slovak soil 
classification by several important properties deeper mollic A horizon, tonguing transition between 
A and B horizon and black organo-mineral coatings, which contain not only illuvial clay but organic 
matter as well. For this reason, it would be better to suggest a Greyzems as a new soil type. For this firstly 
a new diagnostic horizon should be defined as Slovak soil classification define soil types based on dia-
gnostic horizons. 

Based on our previous Morphogenetic Soil Classification System (Hraško et al. 1991) the proposal of 
updated classification of Greyzemic illuvial Bth horizon and Greyzems should be as follow:

Greyzemic Bth horizon is illuvial B horizon fulfilling basic requirements for argic horizon (thickness, 
coating of colloids, and coefficient of textural differentiation) and having followed additional require-
ments: 1) colloidal coatings are dark organo-mineral coatings containing colloidal organic matter 
leached from a horizon and 2) organic matter content is higher than 0.5%.

Greyzems (Šedozeme) are soils with organo-luvic Bth horizon below mollic Am horizon and with dark 
colloidal coatings in the whole transitional B/C horizon.

Site
Macronutrients (mg.kg-1)

(Mehlich III.)
Micronutrients (mg.kg-1)

(DTPA)
P K Mg Cu Zn Mn

Dolné 
Príbelce

136.0
(h)

155.0
(suf)

298.0
(h)

3.14
(h)

2.73
(h)

6.31
(s)

Hlohovec 179.0
(vh)

234.0
(g)

188.0
(g)

2.83
(h)

1.93
(m)

76.60
(m)

Explanations: a – small content, suf – sufficient content, m – medium content, g – good content, h – high content, vh – very 
high content (according to criteria by Kobza & Gáborík 2008)
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The following Greyzem subtypes should be distinguished:
Modal Greyzem (Šedozem modálna, ŠMm, in Slovak) corresponding to Haplic Greyzem/Phaeozem ac-

cording to WRB, 2022) without next diagnostic horizons;
Luvic Greyzem (Šedozem hnedozemná, ŠMh, in Slovak, corresponding to Luvic Greyzem/Phaeozem ac-

cording to WRB, 2022) with mollic Am horizon also with Bt horizon or his features below Bth horizon;
Pseudogleyic Greyzem (Šedozem pseudoglejová, ŠMg, in Slovak, corresponding to Stagnic Greyzem/

Phaeozem according to WRB, 2022) with organo-luvic Bth horizon at least in part of B horizon (oxi-
morphic features 10 – 80%);

Cultivated Greyzem (Šedozem kultizemná, ŠMa, in Slovak, corresponding to Anthric Greyzem/Phae-
ozem according to WRB, 2022) with cultivated arable Akp horizon to a depth of 35 cm

The proposed soil subtypes have following typical sequences of soil horizons:
ŠMm: Am – Bth – B/C – Cc; Am – Bth – B/C – C;
ŠMh: Am – Bth – Bt – B/C – C; Am – Bth – (Bt) – B/C – C(c);
ŠMg: Am – A/Bth – Bthg – B/Cg – Cg;
ŠMa: Akp – Am – A/Bth – Bt(h) – B/C – Cc; Akp – Am – A/Bth – Bth – B/C – C;
The proposed subtypes of Greyzems with typical soil horizons could be suitable tracking tool at pro-

cessing of updated version of the Morphogenetic Soil Classification System in 2026. 
To classify the above evaluated soil profiles representing the Greyzems of Slovakia according to WRB 

2022 it is useful to recapitulate the classification of dark humus horizons used by WRB. The following 
brief overview of the chernic – mollic – umbric horizon sequence used by WRB involves only selected 
basic (simplified) criteria needed for their mutual distinguishing:

Chernic – this horizon is relatively thick, well-structured, very dark-coloured (Munsell colour value of 
≤ 3 and A chroma of ≤ 2, both moist) surface horizon with a high base saturation (≥ 50%) and a high 
organic matter content (≥ 1% SOC). Chernic horizon is diagnostic for Chernozems (WRB 2022).

Mollic – this horizon is also relatively thick, dark-coloured (Munsell colour value of ≤ 3 and a chroma 
of ≤ 3, both moist) surface horizon with a high base saturation (≥ 50%) and a moderate to high organic 
matter content (≥ 0.6% SOC) (WRB 2022).

Umbric – is relatively thick, dark-coloured (Munsell colour value of ≤ 3 and a chroma of ≤ 3, both 
moist) surface horizon with a low base saturation (< 50%) and a moderate to high content of content (≥ 
0.6% SOC). This horizon is diagnostic mainly for Umbrisols (IUSS Working Group WRB 2022). Based 
on this overview of selected humus a horizons both evaluated soils have mollic horizon and considering 
the configuration of soil profile (having mollic a horizon and Bth and Bt horizons) the evaluated 
Greyzems should be classified according to IUSS Working Group WRB (2022) as Phaeozems mostly 
with principal qualifiers Greyzemic, Tonguic, Luvic, Stagnic and supplementary qualifiers Loamic, Siltic, 
Anthric. These soils also termed Brunizems, Greyzems or degraded Chernozems are included in Phae-
ozems group (Matthews, 2014, FAO, 1974, 1988, 2022). 

According to Soil Taxonomy (USDA, 2022) these soils fit to Mollisols Order and Udolls or Ustolls Sub-
orders.

CONCLUSIONS

Based on the literature review and own investigation of selected soil profiles it can be concluded that 
Greyzems occurring in Slovakia are fertile and deep soils with dark-coloured mollic A horizon and un-
derlying Bth horizon which is diagnostic for these soils. They occur mostly between Chernozems and 
Luvisols in loess hilly areas of Danube Lowland occupying South-West Slovakia. Greyzems have similar 
soil properties like Chernozems, but humus A horizon is not so dark (having colour value ≤ 3 and 
A chroma ≤ 3 if moist according to Munsell Soil Colour Charts). Greyzems are highly productive, and 
they are mostly intensively cultivated. Their potential area is not mapped in detail, but it can be estimated 
up to 7.5% of agricultural land of Slovakia. Therefore, these soils deserve A special status in upcoming 
updated version of Slovak soil classification.
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