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ABSTRACT The patchy character of the distribution of Chernozems and Luvisols formed on
loess is often observable on the pedological maps, on a large scale, in Czechia. The focus of the
paper is to examine the features of the soil catena of Hruov (Czechia), which is characterized
by the simultaneous presence of Chernozem, Luvisol and Luvic Chernozem - without obvious
environmental reasons. A catena of only 330 meters is considered a system of transformation
between these soils. Along with field work and the pedological analysis, we used the soil micro-
morphology method to understand the processes of pedogenesis. We concluded that the presence
of considerably different soil types on a small scale is due to intensive agriculture. We found that
the present Chernozem is formed on the Luvisol by retrograde soil evolution, which included
a shift in the vegetation, erosion, and recarbonation. The evolution of Luvisol in the lower part
of the catena has been considerably modified.
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1. Introduction

Loess is a widespread type of sediment, which covers about one-fifth of the
surface of Europe (Haase et al. 2007). It is the parent material of several types
of soils. Chernozems and Luvisols are especially widely represented in Europe
(Figure 1). In this paper, we review the existing concepts about the relationship
between these soils which is described in the literature as (i) spatial or (ii) tem-
poral. We continue by presenting new data on a Luvisol-Chernozem catena in
Hru3ov (Czechia) where the Chernozem and Luvisol coexist in very tight contact
despite identical environmental conditions. We hypothesise that the site is a zone
of transformation where one type transforms to another and discuss the processes
participating on the soil’s evolution. The study is based on the field descriptions,
soil micromorphological observations and the bulk soil analysis.

1.1. Spatial distribution of Luvisols and Chernozems

Chernozems - with their thick black organo-mineral horizon - are considered
as zonal soils that are typical for a dry continental climate (Dokuchaev 1883, FAO
2015). On the contrary, the formation of Luvisols is conditioned by a temperate
oceanic climate and forest vegetation (Duchaufour 1998, Némecek et al. 2001, FAO,
ISRIC, ISSS 2006; Baize, Girard 2008). These environmental conditions make the
illuviation of clays and the textural differentiation between the eluviation E ho-
rizon and illuviation Bt horizon possible. On the continental scale of Europe, the
distribution of the two soils seems to follow the climatic variations between the
oceanic conditions in the West and the continental conditions in the East (Fig. 1).

When we focus on Czechia in Central Europe, we see that both types of loess soils
are present. The environmental conditions of their distribution overlap (Table 1),
the geographical distribution of Luvisols and Chernozems differ in the regional
climatic conditions. Two factors are omitted for Chernozems in the defined con-
ditions: the topography and past vegetation (Némeéek et al. 2011). According to
Hauptmann et al. (2009), both types of soils are mostly formed in plain areas,
but they can be also formed in hilly areas and on plateaus. However, there are
not currently existing Chernozems above 300 m a.s.l. of altitude in Czechia.
The climax vegetation of the regions with the presence of both types of soils is
land predominated by oaks (Quercetea) or oak-hornbeams (Carpinus - Quercetea;
Chytry, Kuéera, Ko¢i 2001; Neuh&uselova 1998). On large-scale soil maps, a mosaic
of Chernozems and Luvisols can often be observed. On the local scale and in the
field, the origin of the spatial distribution of Chernozems and Luvisols is difficult
to explain, because the climatic, topographical and geological conditions seem to
be identical (Bailly 1972; Lozek, Smolikové 1978; Vyslouzilov et al. 2014). These
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Tab. 1 - The environmental characteristics of the Chernozems and Luvisols in Czechia (Néme&ek

etal. 2011)

Environmental
characteristic

Chernozem

Luvisol

Climate Climate region B 1-3 Climate region B 3-5(6)
Mean annual precipitation (7) 8-9°C Mean annual precipitation
Max. 650 (700) mm 7-9°C
450-900mm
Vegetation altitude 1-2 1-2(3)

zonation

Oak zone (Quercus spp. mainly Quercus
petraea agg.) and - Beech-Oak zone
(Fagus sylvatica-Quercus petraea agg.)

Oak zone (Quercus spp. mainly Quercus
petraea agg.), Beech-Oak zone (Fagus
sylvatica-Quercus petraea agg.) and
Oak-Beech zone (Quercus petraea agg. -
Fagus sylvatica)

Soil moisture regime

Ustic

Limit between ustic and udic

Parent material

Loess, sandy loess, marls

Loess, polygenic silts

Topography Not defined Flat, gently undulating terrain
Native vegetation Not defined Oak, oak-hornbeam forest
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Fig. 1 - The spatial relationship of Chernozems and Luvisols. The distribution of loess (in red), Cher-
nozems and Luvisols in Europe (Haase et al. 2007, ESDC 2013).
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observations show that there is a need for more in-depth studies to understand the
role of environmental factors, in particular vegetation and paleo-environmental
conditions, on the formation of these types of soils (Eckmeier et al. 2007).

1.2. Temporal relationship of Chernozems and Luvisols in the Holocene

Next to the spatial relationship of the two soils, there is a temporal relationship.
Both soils are placed in the same series of development (Leser, Magsud 1975).
The Holocene evolution model from the initial loess to a Luvisol takes place un-
der natural vegetation (Fig. 2, according to Lorz, Saile 2011). According to these
authors, after the sedimentation of the upper Weichselian (Wiirm) loess, the
initial calcareous soil develops under the steppe vegetation. The warmer and
wetter climate in the Early Holocene (Preboreal and Boreal) allows the forma-
tion of a Calcic Regosol. The humic horizon thickens and at the end of the Boreal
and the Chernozem was formed (Leser, Magsud 1975; Lorz, Saile 2011; Scheffer,
Meyer 1963). Forest conditions induced decarbonation and leaching of clays. The
clay illuviation downwards the soil profile caused the lowering of the decalcifica-
tion limit. This resulted first in the formation of a cambic horizon, then argillic
horizon while preserving the superficial A horizon. Finally, Chernozem takes its
Luvisol morphology with developed E and Bt horizons (Lorz, Saile 2011; Némeé&ek,
Smolikova, Kutilek 1990).

The transformation of a Chernozem into a Luvisol has been well studied in the
North Caucasus: the successive constructions of tumuli has made it possible to pre-
serve the stages of the genesis of a Luvisol following the replacement of a steppe by
a forest (Alexandrovskiy 2000). The transformation of a Chernozem to a Luvisol
has also been hypothesised upon by Hejcman et al. (2013) who discovered a buried
A horizon of a Chernozem under a bell-beaker barrow (2500-2200 BC) in Central
Moravia, even if the Luvisols are dominant in the region nowadays. In their view,
the increasing annual precipitation and decreasing temperatures induced the
degradation of Chernozems to Luvisols. The same evolution induced by the climate
was described recently by Kabata et al. (2019) in southwestern Poland.

Scheffer and Meyer (1963) describe the development of an initial soil loess to-
wards a Chernozem and a Phaeozem in southern Lower Saxony, Germany. The rate
of development of this series and its control mechanism are carbonate dynamics
and the lowering of the decarbonation limit (Scheffer, Meyer 1963; Rohdenburg,
Meyer 1968). Decarbonation was controlled by climate change in the Holocene. It
was minimal at the beginning of the Holocene, it strengthened at the beginning of
the Atlantic with an increase in the pluviometry and the development of the for-
ests. However, conversely, the decarbonation mechanism linked to climate change
can be slowed down by various factors such as a high carbonate content of the
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parent rock or the storage of calcareous groundwater from the Atlantic period. In
this case, Gleyic and pseudogleyic Chernozems are formed (Scheffer, Meyer 1963;
Fischer-Zujkov, Schmidt, Brande 1999). Carbonate dynamics are also considered
as a crucial factor in persistence of Chernozems by von Suchodoletz et al. (2019).

The tight contact between the Chernozems and Luvisols (distinct Chernozem
patches in the Luvisol area) is not explained by this evolutionary approach.
According to the evolutionary model, the Chernozem is prevented from degrada-
tion by deforestation or by a climate change. Distinct patches of Chernozems in the
Luvisol areas have been described as zones of ancient settlements and intensive
agriculture (LoZek 1973, KabaXa et al. 2019), the heterogeneity of the parent mate-
rial in higher carbonate contents (Altermann et al. 2005, von Suchodoletz et al.
2019) or as the consequence of prehistoric burning practices (Eckmeier et al. 2007,
Kasielke, Poch, Wiedner 2019).

1.3. Spatiotemporal relationship of Chernozems and Luvisols in the Pleistocene

In Central Europe, loess-paleosol sequences (Flasarov et al. 2020, Antoine et al.
2013) contain several different soil types. The most obvious are Luvisols, represent-
ing interglacial climatic conditions, similar as to today, and Chernozems, reflecting
drier and cooler climate at the beginning of the glacial periods. However, the pale-
oclimate was oscillating also during the glacial periods, and less well-developed
soils such as Regosols, weak Cambisols or tundra Gleys were formed as well (Lozek
1973, Ho$ek et al. 2015).
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Loess-paleosol sequences are important paleoenvironmental archives because
of their long-term continuous paleoclimate record, analogous to marine proxy re-
cords or ice core records (e.g. Muhs 2007; Sheldon, Tabor 2009). Paleosols formed
at the Earth’s surface were in direct contact with the environmental conditions
prevailing at the time of their formation and they reflect the prevailing tempera-
ture and precipitation. Paleosols can be considered as an equivalent to recent soils
with the corresponding morphological signs (Némeéek, Smolikov4, Kutilek 1990).

2. Materials and methods
2.1. Study site of Hrusov

The studied catena is situated in the west from the village of Hrugov (50°2I'N,
14°50'E) in Czechia. The catena is located in a flat zone, at the upper part of a pla-
teau covered by a loess. The length of the studied transect is 331.2 meters, its
maximal slope inclination reaches 0.6%. The spatial distribution of the examined
soils is described in Figure 3.

The parent material is formed by a loess (Ceské geologick4 sluzba 2013). The
annual precipitation reaches between 500 and 600 mm, the mean annual tem-
perature varies between 8°C and 9°C. The evapotranspiration reaches 550 to
600 mm (Tolasz et al. 2007).

The Macro-physical Climate model (Bryson, McEnaney DeWall 2007) for
Prague-Karlov (ca. 50 km southwest from Hrusov) shows that from the Weichsel
Late-glacial to Boreal period, the precipitation is higher than the evaporation, but
the difference is low (Fig. 4). Between 7500 and 5500 BP, the values of the potential
evapotranspiration might even exceed the rainfall in the growing season. During

<

Fig. 3 - The location of
the studied soils. Source:
C0zK 2019.
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the Atlantic period, the evaporation decreased while the precipitation stayed rela-
tively constant with more fluctuations. The climate has become relatively more
humid and colder with some fluctuations (Dreslerova 2012).

Nowadays, the zone is an arable land with the alternation of various crops:
wheat, corn, colza, sugar beet. The region has been settled since the Neolithic
period (Pavld, Zapotockd 2007). The archaeological evidence of Hru3ov is quite
scarce, there are objects of stroke-ornamented ware ceramics (Neolithic, ca.
5000 BC), objects from the Unétice culture (ca. 2200-1600 BC). Most of the objects
found come from the Lusatian culture and the Hallstatt one (ca. 1000-400 BC)
(unpublished archives of the Archaeological Institute, Prague). The village was
documented in historical documents for the first time in 1346.

2.2. Soils in the catena

Through the paper, we use the WRB 2014 soil classification (FAO 2015). Seven
pits labelled HRU20, HRU21, HRU22, HRU23, HRU24, HRU25 and HRU26 (Fig. 5)
were dug in order to proceed with a detailed physical and chemical analysis and
a micromorphological study of soils in the catena. The exact location of the pits
(determined by GPS and TST) is indicated in Table 2 and Figure 5.

According to the soil morphology, there are three types of soils in the catena of
Hrugov: Haplic Chernozem, Luvic Chernozem and Luvisol (Fig. 5). The Chernozem
marked as HRU21 has a chernic horizon. It is partly ploughed down to the depth
of 43 cm - the A and C horizons are mixed in there. The A horizon is compacted by
ploughing; it is partially decarbonated. There are loess dolls and numerous lom-
bric galleries in the C horizon (Fig. 5). The profiles of HRU20, HRU22 and HRU23
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Tab. 2 - The list of the studied pits at the site of HruSov

Profile Code Coordinates Soil
type

Latitude N Altitude
Longitude E ma.s.l

HRU20 50°20.822' 263.053 Luvic Chernozem
14°50.393'

HRU21 50°20.816' 263.074 Haplic Chernozem
14°50.367'

HRU22 50°20.813' 262.997 Luvic Chernozem
14°50.345'

HRU23 50°20.811' 263.121 Luvic Chernozem
14°50.331'

HRU24 50°20.805' 263.017 Luvisol
14°50.293'

HRU25 50°20.769' 262.323 Luvisol
14°50.228'

HRU26 50°20.724' 261.815 Luvisol
14°50.171'

are Luvic Chernozems with a similar morphology. The transition between them
is clear and irregular. Only the HRU20 profile has a preserved part of a natural
A horizon between the Ap and the Bt. The profiles of HRU24, HRU25 and HRU26
are Luvisols which are deeply reworked by ploughing. Therefore, the E horizon
and the upper part of the Bt horizon are mixed together and the limit between the
ploughing horizon and the Bt horizon is sharp (Fig. 5).

2.3. Soil micromorphology

The soil micromorphology studies the undisturbed samples under a petrographic
microscope to identify various soil components and to analyse their organisation.
At a very fine scale, it allows one to observe the processes and dynamics that are
macroscopically hardly perceptible or not perceptible at all (Fedoroff, Bresson,
Courty 1987, Stoops 2003, Stoops, Marcelino, Mees 2010).

Following the field observation, the microscale observation highlights the natu-
ral evolution of the soils, like various changes in the vegetation cover (Smolikova
1969) or anthropogenic activities, e.g., ancient agricultural practices (Gebhardt
1995; Dedk et al. 2017; Macphail, Goldberg 2017). This helps to better understand
the local evolution of the landscape (Gebhardt, Fechner, Occhietti 2014). The mi-
cromorphological approach is based on the study of 15 thin sections of the pro-
files HRU21 (Haplic Chernozem), HRU20, HRU23 (Luvic Chernozem) and HRU24
(Luvisol). The thin sections are described following the international soil thin
section description methods (Bullock et al. 1985, Stoops, Marcelino, Mees 2010).
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2.4. Soil analyses

Samples, of approximately 50g, were taken at every 5cm in depth from each
studied soil (except from HRU22). They were dried at 40°C and sieved to pass
through a 2 mm mesh. The particle-size distribution was measured with a laser
granulometer (type Beckmann-Coulter LS230). Before the measurement of the
particle-size distribution was made, the samples had been treated by H-0- to
destroy the SOM (soil organic matter). The samples had been washed by KCl also,
distilled water and sodium hexametaphosphate to deflocculate the aggregates
without destroying the carbonates. The total organic carbon (TOC) was estimated
by near-infrared spectroscopy (Cécillon et al. 2009). The content of CaCOs was
quantified by measuring the volume of the CO: lost in the reaction with the HCI
in a closed atmosphere.

3. Results
3.1. Analytical properties

The interpretation must take into consideration that soils are farmed intensively.
Agricultural techniques include the application of common agricultural amend-
ments and deep ploughing down to 45 cm. We observed that the predominant
fraction in all the analysed soils was the silt fraction (Fig. 6). It generally repre-
sents between 63 and 68% of the mineral fraction. The clay fraction represents
between 15 and 26% of the mineral fraction depending on the soil. The clay content
is relatively constant, except Luvisol HRU24 where a clay peak appears clearly in
the Bt horizon. This trend is much less pronounced in the Luvisol HRU25 and the
HRU26. These two profiles are clearly Luvisols according to the morphology in
the field. It must be pointed out that the clay content in the loess parent material
is important (from 20 to 23%). The particle size measurements were performed
without decarbonation, which may have caused the aggregation of the clays. The
fine sand content is about 10 to 14%, the coarse sand is zero or almost zero. Some
coarse sands are elements of anthropogenic waste (bricks or lime pieces).

The pH values reach between 6.7 and 8.4. The differences between the Luvisols
and the Chernozems are not significantly marked due to the agricultural calcimag-
nesic amendments (we observed lime fragments during the field observations and
in the thin sections as well) applied to the soils.

All the studied soil profiles contain CaCOs. In the surface horizons, the CaCOs
content varies between 0 and 3%. Its maximum is reached in the Ck horizon.

The total organic content (TOC) of the studied soils, assessed between 0 and
2% is relatively stable in the ploughing horizons. The Bt in the Luvic Chernozem
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Fig. 6 - The TOC, CaCOs, clay contents and pH of the studied soils in the HruSov catena
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shows a trend of slow a decrease in the TOC with the depth. The contents of the
TOC in Luvisols fall sharply under the Ap horizon.

3.2. Micromorphological observations

The micromorphological observations have been preferentially undertaken in the
horizons beneath the Ap (Table 3).

3.3. Micromorphological evidence of the pedogenic processes
3.3.1. Luvisol HRU24

At the Ap/Bt limit, we can observe traces of bioturbation and many bio-galleries
filled with silt. Dusty silty-clay coatings are clearly visible. They correspond to the
splash effect of rain on naked soil surfaces and are common in the actual or in an
ancient arable land (] ongerius 1970; Macphail, Courty, Gebhardt 1990; Deék et al.
2017). In the lower part of the Bt horizon, there are also yellow-orange and limpid
clay coatings, which are considered to be typical for the leaching environmental
conditions (Macphail, Courty, Gebhardt 1990, Gebhardt 1993).

The well-developed luvic Bt horizon, which appears just under the Ap horizon,
suggests that deep ploughing homogenised the upper A and E horizons.

In the Bt horizon, there are sparitic carbonate coatings on clay illuviations
(Fig. 7). The carbonate hypo-coatings are formed inside the larger pores by water
evaporation or by a sudden decrease in the CO: in the soil (Zamanian, Pustovoytov,
Kuzyakov 2016).This fact indicates that the phases of carbonatation succeeded the
phases of leaching as a consequence of a shift in the environmental conditions.
This observation is coherent with the analytical data that indicate the presence of
small amounts of carbonates in the Bt horizon.

3.3.2. Haplic Chernozem HRU21

In the Ap horizon, the silts (loess) are well sorted and homogeneous and form
a porphyric ground mass. The fine matrix is very organic and bioturbated. There
are fragments of mollusc shells, phytoliths, charcoals, ferruginous concretions and
lime fertiliser grain fragments. The observation of the residues of non-decomposed
organic matter corresponds to the observations made in the field.

In the Ap horizon and at the limit of the Ap and Ck horizons, there are clear
clay coatings of a limpid yellow or orange colour that are completely reworked by
ploughing (not in situ). These coatings are relics of a former existence of a luvic Bt
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Fig. 7 - Soil HRU24 - Left: the Bt horizon of the relict Luvisol. The calcareous coatings (Ca) over the
clay coatings (Cl) are evidence of post-luvic re-carbonation. Right: The micritised mass of the Bt
horizon.
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Fig. 8 - Soil HRU21 - Limpid, dislocated yellow-orange clay coatings, which attests to the existence
of a reworked ancient Bt horizon (RBt) in the Ap horizon (on the left) and in the Ap horizon at the
limit between the ploughing and the C horizons (on the right).
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Fig. 9 - The soil HRU20, the Bt horizon of the Luvic Chernozem. The yellow-orange limpid clay coat-
ings (LCL), partly dislocated and thin brown dusty silty coatings (DS) in the Bt horizon.

horizon which disappeared (Fig. 8). In the Ck horizon, the micromass is micritic
with a secondary calcareous precipitation in an acicular form. They may be caused
by the climatic condition between the last tillage and the sampling. Secondary
carbonates are also present in the form of small nodules.

3.3.3. Luvic Chernozem HRU20

We focused on the examination of the thickest profile HRU20 that contains - under
the ploughing horizon - residues of the Ah horizon which are undisturbed by
tillage. The micromass of Ap and Ah is humic, due to the strong bioturbation, it is
heterogenous, with fissured porosity. The main observed feature is the simultane-
ous presence of the dusty coating and limpid yellow coating horizons (Fig. 9).

The main observed pedofeatures are: dusty clay/silt coatings (limit Ap/Ah),
phytoliths (limit Ap/Ah and limit Ah/Bt) and a strong bioturbation (Ap, Ah and
Bt). The most important observations are the simultaneous presence of the limpid
yellow-orange clay coatings in situ - sometimes reworked by bioturbation - and
the dusty clay/silty coatings coming from the bare ploughed surface.
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Fig. 10 - Soil HRU23: Yellow-orange limpid clay coatings (LCl), and thin brown dusty silty coatings
(DS) in the Bt horizon of the Luvic Chernozem (on the left). Grey micritic stains of root origin and
impregnations of Fe (Fe) on the calcareous concretions in the Ck horizon (on the right).

3.3.4. Luvic Chernozems HRU22 and HRU23

The two soil profiles of the Luvic Chernozems, HRU22 and HRU23, are very similar.
Here again, the most important observation, in the Bt horizons, is the simultaneous
presence of the limpid yellow-orange clay coatings in situ - sometimes reworked by
bioturbation - and the dusty silty coatings coming from the bare ploughed surface.

In both soils, there are ferruginous concretions, which prove the humidity
of the site. In the Ck horizon of HRU23, there are grey micritic hypo-coatings
(Fig. 10).

3.4. Interpretation of the soil evolution

The simultaneous presence of the yellow-orange limpid clay coatings, the brown
dusty silt coatings and the signs of re-carbonation clearly indicate that the ob-
served catena is of a polygenic origin. According to our observation, we hypoth-
esise that the soils at the site of HruSov passed a three-stage evolution.
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3.4.1. First phase

We suppose that before the arrival of the first farmers, the formation of the soil
happened in a natural way. The natural late glacial surface, bare loess, used to
be not so flat as today (Pavll, Zépotockd 2007). The first stage of pedogenesis in
the Holocene is characterised by the formation of a humic horizon on the loess
sediment.

Then, we observe a phase of forestation which is perceptible due to the limpid
yellow-orange clay coatings. It corresponds to the clay leaching of the decarbon-
ated upper horizons under the forest vegetation before the agricultural practices
were set up. We suppose Luvisol used to be present at the site at that time.

3.4.2. Second phase

The second phase is linked to the beginnings of the agriculture. The agriculture
was set up by the deforestation and the reintroduction of steppe conditions. The
culture of cereals simulates the steppe vegetation of Poaceae by high inputs of soil
organic matter by the root system. The setup of the agriculture leads to erosion
processes and the levelling of the surface. Part of the observed features is due to
the colluviation. The Chernozem at the top of the catena may be considered as
a product of the polygenic evolution, erosion and re-carbonation by bioturbation

(Fig. 11).
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Fig. 11 - The retrograde evolution of the Chernozem at the site of HruSov
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The second phase observed in the Bt horizon is marked by dusty, brown silty
coatings. This second stage could have started as early as the beginning of the soil
cultivation. The Luvisol at the lower part of the catena became thicker, the cultiva-
tion and organic amendments lead to the destruction of the Ap and E horizons.
According to acquired data, we cannot state if the zone was deforested at the same
time or in multiple phases.

3.4.3. Third phase

Later on, we identified the third stage of the soil formation. It is characterised by
the carbonate precipitation on the clay coatings in the Bt horizon. This stage of
carbonatation has to be linked to the new input of carbonates. This input can be
caused by natural and human factors, it is confirmed by the unusual high pH of
all the studied soils.

Our observations may lead to the conclusion that the differentiation of the soil
types, which must be a consequence of an environmental change that originated in
along-term shift in the vegetation. The factor of the vegetation change, which was
induced by human activities in the area, dominates the pedogenesis of these soils.
The deforestation led to the change in the leaching parameters of the soils and the
change in the acidification processes. An inorganic amendment and an organic
waste, dung from households have been applied because the land has been used as
an arable field. This is supported by findings of sherds and pieces of bricks found
in the fields around the village. The third phase ends with the modern agriculture
period, which completed the re-carbonation of the soil by deep ploughing and
inorganic inputs and terrain levelling.

4. Discussion

The observations do not offer unique and clear interpretations. In addition, we
must remind one that the knowledge of the past soil cover is very fragmentary. If
soils have developed since the end of the last ice age (Duchaufour 1998), they were,
at the time of the arrival of the first farmers, about at half-time of their current
development. Their physico-chemical characteristics were undoubtedly different
from those known today. However, the reasoning held on the evolutionary series
are all made on the basis of the observation of the present soils.
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4.1. Transformation of the soils

The soil transformation from Chernozem to Luvisol requires the decarbonation of
the Chernozem as a consequence of an increase in the precipitation, intensifying
a change in the leaching conditions and of the induced shift in the vegetation. Then
the transformation from Luvisol to Chernozem would need the re-carbonation
and decline of the Bt horizon.

Nowadays, the pH of the studied soils is too high to be convenient for clay illu-
viation (Quénard et al. 2011). Calcium forms between the clay and the soil organic
matter, a very strong complex which does not enable the dispersion of clays and
their migration (Mason et al. 2016).

Our observations of the soils in the examined catena showed that there are
relicts of the yellow-orange limpid clay coatings in almost every examined soil
profile. We may conclude that those features are relicts from the period when
the pH used to be lower (before re-carbonation). The yellow-orange clay coat-
ings are not typical micromorphological features in the Chernozem (FAO 2015),
because clay illuviation follows the profile decarbonation (Duchaufour 1998, Van
Vliet-Lanoé 1992). For example, Smolikov4 (1972) demonstrates a typical spongy
structure of Chernozems on the A horizon from a fossil Pleistocene soil.

The micromorphological observation in HruSov reveals that the yellow-orange
limpid clay coatings are trapped under the secondary carbonates. This fact
demonstrates that the process of the translocation of clay is older than the re-
carbonation. The process of the translocation of the clay is also not active anymore.
The yellow-orange limpid clay coatings are not in situ - they were dislocated by the
bioturbation that followed the stage of illuviation.

At the same time, the bioturbation is a natural way of the re-carbonation and
destruction of Bt horizon. The presence of fauna is proved by the observation
of krotovinas and of numerous lombric galleries in the studied soils. The re-
carbonatation is a result of the liming.

Last, but not least, it must be mentioned that these processes can occur under
climates convenient for the existence of Chernozems (Némecek et al. 2011, Table 1),
in the so-called ancient forest-steppe zone (LoZek, Smolikov4 1978).

4.2. Role of erosion

We have to consider that the process of re-carbonation may partly be a result of
erosion. Even if the surface is quite levelled now, the inclinations could have been
steeper in the beginning of the agricultural era (Pavld, Zdpotock4 2007). This
theory is supported by the different depths of the soil profiles. The Chernozems
situated in the upper part of the catena are as deep as the Luvisols down the slope.
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Soil erosion is an inevitable consequence of deforestation and soil plough-
ing since the beginnings of agriculture (Dreslerov4 et al. 2019). According to
the map of the long-term loss by erosion in the studied area, it reaches between
1and 4 tha™year™ (https://mapyvumop.cz/; 15.4.2019). Studies concerning the
erosion in prehistoric and historic times estimate that the soil loss by erosion
on loess can reach an average rate of several t.ha™yr™ (Froehlicher et al. 2016,
Kotodyniska-Gawrysiak, Poesen, Gawrysiak 2018).

When we consider the erosion rates on a centennial or millennial scale, the
soil loss may have reached more decimetres. In the upper part of the catena, the
residues of the surface horizons are homogenised by modern mechanisation.
Therefore, the Bt horizon cannot be observed anymore. The tillage, the uplift of
the carbonates and the colluviation could have caused the re-carbonation down
the slope.

At the same time the partial decrease of the soil level in the upper parts of
the catena causes that the carbonates (loess) can be found at a shallower depth,
which facilitates the upwelling by bioturbation. In a typical Luvisol on loess, the
carbonates appear at depths of 100-110 cm, which limits the bioturbation to return
the carbonates into the soil profile.

The mentioned processes led to the transformation of the natural properties
of the soil, especially the pH values and grain-size distributions. The soils have
become more unified especially in the texture and organic contents.

4.3. Role of vegetation

According to the micromorphological findings, we assume there used to be a forest
at the site of Hru$ov in the past. The conclusion is supported by the climate model
(Bryson, McEnaney DeWall, 2007) which shows conditions for the development
of a forest. As described above, the Chernozems degrade to Luvisols under stable
forest conditions Némeé&ek, Smolikova, Kutilek (1990).

The role of the vegetation, especially in the “Chernozem question” has been
largely discussed. According to Lozek (1973), the Chernozems under a steppe were
conserved (not degraded to a Luvisol) until the beginnings of the agriculture in
small patches (Fig. 12) and the Luvisols formed in the areas that were not trans-
formed to the agricultural land. Others claim that the first farmers were able to
find Chernozems under the woodland or at least under the forest-steppe vegetation
(VyslouZilové et al. 2014, Bene$, 2004, Dreslerova 2012, Strouhalové et al. 2019).

On the contrary, the appearance of climax forests is not, according to Fischer-
Zujkov, Schmidt, Brande (1999), a factor likely to cause the degradation of
Chernozems. Indeed, in the Central European Chernozem extents area, the natural
forest must look like an oak grove or an oak grove with an always very dense
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Fig. 12 - The formation of the Chernozems in Central Europe according to LoZek (1973)
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Fig. 13 - A Chernozem under woody vegetation in the Bulhary forest (Czechia). The game preserve
has existed at the site since the 13" century.
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herbaceous layer (Fig. 13, Kreuz 2007, Scheffer, Meyer 1963). Under these condi-
tions, the inputs of the organic matter to the soil are not very different between
relatively clear forests and steppes, which explains, according to Fischer-Zujkov,
Schmidt, Brande (1999), that a Chernozem shows a certain stability under the
forest vegetation.

Nonetheless, in the case of our study, it is very hard to imagine a distinct patch
of steppe naturally having a different evolution during the thousands of years
which would result in the small-scale soil cover differentiation.

4.4. Retrograde evolution of the soil

The catena of HruSov and its characteristics confirm that the site is located in
a transition zone. It corresponds to a chronosequence where one type of soil is
slowly transforming into the other, and we are able to say that a Luvisol is trans-
formed into a Chernozem.

This conclusion is contradictory to the traditional view of soil formation (e.g.,
Alexandrovskiy 2000, Lorz, Saile 2011). Our results go beyond the hypothesis
that agricultural management prevents the transformation of a Chernozem to
a Luvisol (e.g. Duchaufour 1998, Pokorny et al. 2015). It is likely that a set of human
influence and agricultural practices induce the forming of the Chernozem. Bene$
(2004) proposes the idea that today’s presence of Chernozems in the Linear Pottery
culture settlements is not a cause, but a consequence of the ancient agricultural
exploitation. He claims that a secondary grassland may boost the development of
the Chernozem. Our results confirm that the soil evolution in the studied catena
occurred in this way.

Even if it is not well known, the suggested affirmation of this soil evolution
scheme is not new. The micromorphological analyses carried out in the 1970s by
Smolikovd presented an identical conclusion (Smolikové 1962, 1969, 1971, 1972;
LoZek, Smolikova 1973; Némecek, Smolikova, Kutilek 1990). These authors called
these soils pseudochernozems and the processes leading to their formation retro-
gressive soil evolution. The following agricultural processes are involved in the soil
transformation: calcareous-magnesium amendments block the leaching; cereal
roots simulate the steppe conditions; the deep ploughing homogenises the soil
and the distribution of the organic material into a large thickness.

The soil development recorded a principal turning point in places where
woodland alternated with the steppe. The polygenic Chernozem (or pseudocher-
nozem) started to exist when the vegetation on the Luvisols transformed into
cultural steppes (Smolikov4 1969). By the method of soil micromorphology, we
are not able to bring any exact conclusion concerning the time of the vegetation
change. We know that agriculture has been present at the site for a very long
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time - for thousands of years. According to Alexandrovskyi (2007), the formation
of Chernozems can be achieved within 3000 years. The studied area may have
been cleared at different moments of time in history.

In the European loess belt, similar studies concerning the potential of hu-
mans to influence the soil properties in an important way have been observed.
As a bright example of the retrograde soil evolution, we mention the Luvisols in
Belgium where they are considered as man-made Anthrosols (Langohr 2001). In
the oceanic conditions, the climax vegetation on the loess soil is a dense forest. In
an undisturbed site of the Forét de Soignes forest, the soil can be characterised as
a Retisol (very degraded loess soils), whereas the agricultural land in the region
can be characterised as a Luvisol, which means the precursor of a Retisol in the
soil evolution series (Langohr 2001). 800 kilometres to the West from the site of
HruSov, we find the same phase shift in the loess soil evolution series as in Hrusov
caused by human activity. The genesis of the Luvisols is influenced by the organic
and inorganic amendments, pasture in the forest, tillage, erosion and bioturbation
(Langohr 2001).

The Phaeozems in Lower Rhine basin and Hallweg loess belt are another exam-
ple of human induced changes (Gerlach et al. 2006; Kasielke, Poch, Wiedner 2019).
In both cases the dark soils were initially described as degraded Chernozems.
After deeper analysis they were labelled as Luvic Phaeozems enriched by high
amount of black carbon coming from the slash and burn techniques. Here, as
well as in the previous cases, the man influenced the pedogenenis by setting up of
agricultural practices. In Czechia, there has been so far only one study focused on
the black carbon content in Chernozems (Dankov4, 2012), which did not confirm
the fire history of Chernozems. In the Hru$ov catena, we recorded presence of
some charcoals, but the analysis of black carbon content was not performed.

5. Conclusion

The detailed study of the HruSov catena shows that the given environmental local
conditions of the pedogenesis are identical. We can exclude that the role of climate,
exposition, relief and parent material play a significant role in the differentiation
of the soil cover.

Man influences the natural soils by that measure so that it is hardly able to dis-
tinguish between the natural and the anthropogenic soils. The analysed catena is,
therefore, an example of a transforming soil system, in which the initial Luvisols
are transformed into Chernozems at the top part of the catena. On the other hand,
at the lower part of the catena, we observe the conservation of a Luvisol, however
considerably reworked by man. As a result of complex processes, we observe a dif-
ferentiation in the soil cover on a small scale.
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As consequence, Chernozems cannot necessarily be considered as an indicator
for the paleoenvironment of a natural steppe. Some Chernozems may have been
formed naturally under conditions of a dry continental climate, but there are
some Chernozems which are a consequence of the past and present agricultural
practices. A Luvic Chernozem is not an obligatory product of the degradation of
a Chernozem under humid conditions. Apparently, it can be a product of human
influence on the soil forming processes.

Our results are impossible to extrapolate to the whole Chernozem region. It is
highly possible that the scenarios of soil formation may be various within large
Chernozem regions in Central Europe.
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