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INTRODUCTION

Soils developed from the colluvial deposits (in
Polish: osady deluwialne) are an important component
of the soil cover in young morainic agricultural areas
affected by human-induced erosion (Sinkiewicz 1998,
Lang and Hönscheidt 1999, Smolska 2002, Bedna-
rek and Szrejder 2004, Marcinek and Komisarek
2004, Podlasiñska 2012, Kobierski 2013). Colluvial
soils cover 12% of undulating morainic plateau of
the Równina We³tyñska region, NW Poland (Podla-
siñski 2013). In the hilly areas of the Brodnica Lake
District, they share even more than 25% of total area
due to the diverse relief (Œwitoniak 2014). They are
formed mainly in aggradation zones at the foot slopes
(Sowiñski et al. 2004a, Smólczyñski and Orzechow-
ski 2010, Wysocka-Czubaszek 2012) and in bottom
part of depressions or kettle-holes (Frielinghaus and
Vahrson 1998, Karasiewicz et al. 2014, PrzewoŸna
2012, 2014). Since colluvial soils are the result of the
accumulation of slope deposits they act as a kind of
erosional geoarchive (Zolitschka et al. 2003, Leopold
and Völkel 2007, Dotterweich 2008, Dreibrodt et al.

2010). Despite similar lithogenesis, these soils have
strongly heterogeneous characteristics. Contrasted
properties of the colluvial soils are connected with
diversity of surface horizons of eroded soils and
multiplicity of buried mineral and organic soils (So-
wiñski et al. 2004b, Orzechowski 2008, Paluszek and
¯embrowski 2008, Smolska 2008, Œwitoniak and
Bednarek 2014). Different direction and rate of soil-
forming processes occurring in the deposited slope
materials are additional factors affecting the hetero-
geneity of colluvial soils. In these soils biochemical
weathering and concentration of pedogenic iron
compounds is often observed (Orzechowski 2008,
Jonczak and Kuczyñska 2008, Podlasiñski 2013).
Accumulation of humus substances under wet conditions
is also very common (Jonczak and Kuczyñska 2008).
Moreover, the occurrence of features resulting from
the clay translocation was confirmed in some colluvial
materials (Bieniek 1997).

In the fifth edition of Polish Soil Classification
(PSC, 2011) only one type of colluvial soils within
the chernozemic soil order can be distinguished. The
surface horizon (epipedon) mollic is diagnostic horizon
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in these soils. However, as it was indicated by previous
research (Œwitoniak and Bednarek 2014), significant
part of colluvial soils have sandy texture and acidic
character so they can not meet the diagnostic criteria
of mentioned epipedons.

The aim of this study was to determine the systematic
position of soils developed from varied colluvial
materials and attempt to identify solutions to classi-
fication problems relating to pedons which does not
fulfil the criteria for distinguishing the chernozemic
colluvial soils (in Polish: gleby deluwialne czarno-
ziemne).

MATERIALS AND METHODS

The present study include ten soil profiles located
in various types of young morainic landscapes of
Che³mno and Brodnica Lake District, N Poland (Fig.
1, Table 1). Investigated pedons occur in depressions
of different genesis or were in the lower parts of the
slopes. All tested soils are currently (profiles 5–10)
or in the recent past (profiles 1–4) used for agriculture
purposes. As a criterion for distinguishing the colluvial
soil, the minimum thickness of 30 cm of the colluvial

FIGURE 1. Localization of soil profiles
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sediments was taken. If colluvium thickness ranged
from 30 to 50 cm, they had to have at least half the
thickness of the solum of a buried soil (PSC 2011). In
all described cases, the precise separation of the
colluvial materials from surface horizons of buried
soils was possible due to the presence of abrupt or
clear boundary between them (Fig. 2).

The samples were collected from selected soil
horizons. Standard soil analyses were performed using
the methods as follows: total organic carbon (TOC)
content – by sample oxidation in the mixture of
K2Cr2O7 and H2SO4 with external heating; CaCO3
content – volumetric method; particle-size distribution
– by pipette and sieve method; pH of soil-to-solution
ratio of 1:2.5 using 1 M KCl and H2O as the suspension
medium; hydrolytic acidity by leaching with ammonium
acetate at pH 8.2; exchangeable base cations by
leaching with 1 M ammonium acetate at pH 7.0 (non-
calcareous samples) and pH 8.2 (calcareous samples).
Hydrolytic acidity and exchangeable base cation content
were used to calculate the base saturation (BS).
Color has been described according to Munsell Soil
Colour Charts (2000). The symbols of soil horizons
were given after Polish Soil Classification (PSC 2011)
and WRB (IUSS 2014).

RESULTS

The analyzed pedons are characterized by significant
diversity of basic properties. The colluvial material
has sandy (sand, weak loamy sand, and loamy sand)
texture (Table 2) in profiles 1–4 localized in Brodnica
Lake District. The rusty soils (in Polish: gleby rdza-
we) and soil lessivés (in Polish: gleby p³owe) developed
from ablation sands and located at local elevations
are the main source of mentioned colluvium (profiles
1–3). In the profile 4 colluvial deposits originated from
rusty soils derived from subglacial, fluvioglacial sands.
In the other six profiles (5–10), the colluvium is
richer in clay fraction and represents several textural
classes of loam or silt (Table 2). In their surroundings,
on higher elevations, occur black earths (in Polish:
czarne ziemie) or soil lessivés (in Polish: gleby p³o-
we) developed from glacial tills or fluvioglacial
materials considerably more rich in clay fraction.

The granular or subangular structural aggregates
dominate in the presented colluvial soils. Size classes
of structure vary with the texture. In sandy materials
aggregates are fine or very fine and weak. Medium
and coarse size of aggregates are typical for loamy

FIGURE 2. Morphology of investigated colluvial soils
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TABLE 2. Basic properties of colluvial soils investigaed
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Textural class: S – sand (piasek luŸny), WLS – weak loamy sand (piasek s³abogliniasty), LS – loamy sand (piasek gliniasty), LSi – loamy silt (py³ gliniasty), CSi – clay silt (py³ ilasty), SL – sandy loam (glina
piaszczysta), LL – light loam (glina lekka), L – loam (glina zwyk³a); Structure: cl – clods, sa – subangular, gr – granular, s – single grain, f – fibric, am – amorphous / vf – very fine, f – fine, m – medium, c – coarse,
vc – very coarse / w – weak, mo – moderate, st – strong .

TABLE 2. continued
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colluvium. These aggregates have a much greater
durability (Table 2).

A majority of the colluvial layers has the humic
character but very often it is slightly expressed. The
maximum content of organic carbon in these horizons
is 22.3 g·kg–1 (Table 2). In most cases, they contain
low amounts of TOC not exceeding 10 g·kg–1. Therefore,
the relatively light (gray-brown or brown) color of
the colluvial material is the result of low humus content.
In contrast, the color of buried humus horizons is
darker, making them easy to distinguish from each
other (Fig. 2). Some colluvial horizons are almost
completely devoid of humus. Instead of humic
substances the iron coatings on the mineral grains
typical for sideric (Bv) horizons were found in two
subsurface sandy colluvial horizons (profile 3 and 4).

The colluvial materials are generally free of
carbonates. The soil reaction shows a significant
variation from acidic, through slightly acidic to neutral.
The lowest pH value was recorded in sandy colluvium
(profile 4) accumulated in lower part of subglacial
channel slope (pH in KCl – 3.9). High differentiation
also concerns the base saturation that ranged from 14
to 98%.

Buried epipedons are characterized by even greater
heterogeneity in comparison with colluvial deposits.
In two cases, immediately below the colluvium, slightly
decomposed peat of fibric-type (profile 3) and mo-
derately decomposed peat of sapric-type (Profil 5)
occurs. The organic carbon content in these materials
was 541 and 376 g·kg–1, respectively (Table 2). In
profiles localized in Che³mno Lake District (profiles
6–10) buried humus horizons Ab have black color,
significant content of TOC in excess of 10 g·kg–1,
loamy texture, well developed aggregate structure,
and high base saturation (above 50%). In profile 4
muckous material (in Polish: materia³ murszasty) rich
in humic substances occurred at the surface of buried
soil. The reaction of this material is strongly acidic,
and the base saturation is very low. In the other two
cases, (profile 1 and 2) buried Ab horizons have sandy
texture, acid reaction, and contain low amount of TOC
(8.4–4.9 g·kg–1). Parent materials of all buried soils
are strongly influenced by ground water: capillary
fringe mottling and redoximorphic features – gleyic
mottles and Fe-Mn concentrations.

DISCUSSION

The basic criterion to classify soils derived from
colluvial deposits as chernozemic colluvial soils (in
Polish: gleby deluwialne czarnoziemne) is the
presence of mollic epipedon (PSC 2011). Five pedons
(profiles 6–10) have surface horizons that meet the

criteria of mollic epipedon. Analyzed chernozemic
colluvial soils are marked by dark color, higher content
of humus (>6 g·kg–1), well developed aggregate structure,
and high base saturation (> 50%) of slope deposits.
The criterion of phosphorus content was not taken
into account, because there was no clear impact of
human activity in these soils in the form of accumu-
lation of waste or other artifacts. The high content of
humus and dark color are often associated with organic
carbon accumulation caused by slow decay of grass
vegetation roots. The process occurs in the high
moisture conditions what is typical for lower parts of
slopes (PSC 1989, 2011, Jonczak and Kuczyñska
2008). Nevertheless, humus substances in investigated
colluvial materials have predominantly allochthonous
origin and are related to humus horizons of eroded
soil lessivés (in Polish: gleby p³owe) and black earths
(in Polish: czarne ziemie) located at higher positions.
In all analyzed cases, the material has a loamy texture
which favors the formation of stable humic-mineral
complexes and accumulation of organic matter. At
least partially allochthonous genesis of humic
substances in chernozemic colluvial soils (PSC 1989
– in Polish: gleby deluwialne próchniczne) resulting
from the black earth erosion have been described, inter
alia, by Orzechowski (2008).

The chernozemic-type colluvia in the Che³mno
Lake District are also enriched in organic matter
coming from buried underneath black earths (in Polish:
czarne ziemie).  The material from the fossil mollic
horizons was mixed with colluvium by plowing
during the initial phase of colluvium accumulation.
The presence of the colluvial deposits rich in TOC
originating partly from buried black earths in Che³mno
Lake District has already been stated by Szrejder
(1998). According to her studies, properties of slope
deposits are strongly modified by fossil soils and
therefore buried soil should be taken under conside-
ration in determining the systematic position of
colluvial soil.

Chernozemic colluvial soils (in Polish: gleby
deluwialne czarnoziemne) occur more often in areas
with low slope inclination (Table 1). Small denivelations
indicate the slow erosion processes which do not lead
to total destruction of humus horizons of eroded soils
and favor accumulation of colluvium relatively rich
in humic substances (Jonczak and Kuczyñska 2008).
Occurrence of the colluvial soils which contain high
amounts of organic carbon in flat and gently undulated
morainic landscapes of Sêpopolska Plain (NE Poland)
was described by Orzechowski (2008). High content
of organic carbon was also found in slope deposits
accumulated as a result of slow truncation of Luvisols
in Czech Republic (Zádorová et al. 2014).
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Subtypes of chernozemic colluvial soils were
determined based on mollic horizon thickness. If buried
mollic horizons occur directly underneath the
chernozemic-type colluvium, their combined thickness
was considered (profiles 7–10). In pedons 7 and 8
this thickness did not exceeded 60 cm, therefore the
soils were classified as typical chernozemic colluvial
soils (in Polish: gleby deluwialne czarnoziemne
typowe). The other three profiles (6, 9, 10) represent
cumulative chernozemic colluvial soils (in Polish: gleby
deluwialne czarnoziemne kumulacyjne) due to combined
thickness of mollic horizon larger than 60 cm.

Second group includes the pedons (profiles 1–4),
which do not fulfill most of the criteria of chernozemic
colluvial soils despite the considerable colluvium
thickness (Table 3). The slope deposits have too bright
color (chroma and value > 3 moist or value > 5 dry)
and low base saturation (< 50%). In the first two profiles
content of TOC is also insufficient (< 6 g·kg–1). All
these properties are associated with characteristics of
eroded soils. Described colluvial material originates
from strongly eroded soil lessivés (gleby p³owe) in
case of profile 1 and rusty soils (gleby rdzawe) in
profiles 2, 3, 4. High inclination of the slopes led to
the high rate of erosion. The colluvial material comes
from sandy, acidic, and poor in humus ochric and
sideric horizons of eroded rusty soils or luvic horizons
of eroded soil lessivés (Œwitoniak and Bednarek 2014,
Œwitoniak 2014). In this group of profiles, the colluvial
materials have a sandy texture (sand, weak loamy
sand, and loamy sand). Because these colluvial deposits
are not influenced by groundwater, the sediments are
prone to drying, leaching of nutrients by rainwater
(endopercolative type of water regime), and acidification.
Their bright color may result not only from a low
content of humic substances. In the profiles 3 and 4
the content of organic matter is even higher than in
the above-mentioned darker chernozemic colluvial
soils. The difference in color is probably due to the
higher share of fulvic acids in sandy and acidic collu-
vium. The dependence of fractional composition of
humus from the source of colluvium was confirmed
by studies carried out on G³ubczyce Plateau, S
Poland (Licznar et al. 1993). Humic acids fixed with
Ca and non-siliceous forms of R2O3 dominated in
chernozemic colluvial soils of this plateau. The fulvic
acids prevailed in other colluvial materials (non
chernozemic) originated from truncation of brown
soils (gleby brunatne). The higher susceptibility to
leaching of labile humic acids in sandy colluvium
(compared with loamy slope deposits) has also been
detected in soils of Iñskie Lake District, NW Poland
(Giegu¿yñska 2002).

In this study, the epipedons of buried soils had no
significant impact on contemporary amount of organic
carbon in colluvial material in pedons 1–3. In two
first cases the fossil humic horizons ochric (2Ab) have
properties similar to overlying colluvium. Their mixing
with slope deposits did not result in perceptible changes
of humus content. In profile 3, the buried peat was
not mixed with the colluvium. Although the soil is
situated at the foot of the slopes used for agricultural
purposes, it is covered with timber forest and has never
been ploughed.

According to the current Polish Soil Classification
(2011), colluvial soils which do not fulfil criteria of
mollic horizon must be included to soil types other
than chernozemic. In profiles 3 and 4, colluvial material
meets the criteria of subsurface horizon sideric Bv.
These soils were consequently classified as rusty soils
(PSC 2011). Genesis of Bv horizons can be associated
both with post-sedimentary processes of sesquioxides
accumulation as well as redeposition of soil material
originated from eroded older sideric horizons. In profiles
1 and 2 ochric horizons are the only diagnostic horizons
to the depth of 120–130 cm. Other diagnostic horizons
of these pedons were not taken into account in the
diagnosis of systematic position of colluvial soils
because these horizons developed as parts of fossil
soils and represent the relic features which occur in
deeper parts of the profile. Due to the sandy texture
(Table 2) and thickness of ochric horizons > 10 cm
both soils meet the criteria of arenosols only. The
colluvial materials in described two profiles can be
influenced by in-situ accumulation of sesquioxides
similarly to the profile 3 and 4. The effects of this
process, however, are macroscopically invisible due
to the humus nature (dark gray color) of colluvium.

The last considered pedon (profile 5) represents a
transitional form. The slope deposits in this profile

TABLE 3. Properties of colluvial material with respect to mollic
horizon criteria

+ fulfilled criterion, – not fulfilled criterion
*Chroma and value ≤ 3, moist; value ≤ 5, dry.
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have many characteristics of the chernozemic soils:
loamy texture, well developed soil structure, high
amount of organic carbon and dark color. However,
low base saturation (Table 2) allows to classify
colluvium as umbric horizon. In this soil, the strong
influence of ground-water have also been observed
in bottom part of the colluvium. The pedon was
classified as leached black earth (czarna ziemia wy-
³ugowana).

Classifying pedons developed from colluvial
materials the same way as other types causes a loss
of important information about the genesis of these
soils. It is included only in the rank of genus, which
is ignored in many cartographic studies. It will result
in underestimation of colluvial soil on the maps, which
may in turn lead to an undervaluation of the impact
of erosion processes on the formation of soil cover.
This is especially disadvantageous, because due to
the small areas of particular contours of colluvial soils
they were already often overlooked in the previous
cartographic works (Bieniek 1997). The creation of
additional soil taxons – proper colluvial soils (in Po-
lish: gleby deluwialne w³aœciwe) and rusty-colluvial
soils (in Polish: gleby rdzawo-deluwialne) would
enable a more precise determination of their specificity
at the soil type level. Proper colluvial soils should be
positioned in the order 2 of weakly developed soils
(PSC 2011). The presence of ochric horizon (profile
1 and 2) developed from colluvium can be taken into
account as the main criterion used for classifying these
colluvial soils. In the case of the analyzed profiles 5,
they would be classified as typical proper colluvial
soil (in Polish: gleby deluwialne w³aœciwe typowe),
The profile 4 would represent rusty-colluvial soils (in
Polish: gleby rdzawo-deluwialne). This type should
be added to order 4 of rustyzemic soil (in Polish gleby
rdzawoziemne). Moreover, the definition of cherno-
zemic colluvial soils could be extended to the possi-
bility of classifying colluvial soils with umbric into
this type (profiles 3 and 5). The necessity of creation
of additional classification units relating to colluvial
soils has already been reported by Podlasiñski (2013).
It should be emphasized that in the fourth edition of
Polish Soil Classification (1989) colluvial soils were
treated as the order within which three types were
distinguished: proper, humous and brown deluvial (i.e.
colluvial) soils. This gave the opportunity to
differentiate between chernozemic colluvial soils rich
in humus, proper colluvial soil characterized by lower
accumulation of organic matter, and pedons with
visible accumulation of sesquioxides and clay fraction
(Bieniek 1997, Piaœcik et al. 2001, Sowiñski et al.
2004a,b, Orzechowski 2008, Paluszek and ̄ embrow-
ski 2008).

CONCLUSIONS

1. High diversity of basic properties is characterized
for the colluvial soils of the Che³mno and Brodnica
Lake District, N Poland. They represent a broad
spectrum of soils extending beyond order of cher-
nozemic soils (PSC 2011).

2. The investigated chernozemic colluvial soils are
the result of the accumulation of loamy and
humus colluvium, deposited on the surface of black
earths developed primarily within depressions in
flat and undulating morainic plateaus.

3. A significant part of analyzed colluvium is sandy,
acidic or contains low amounts of organic matter.
They were formed as a result of severe erosion of
coarse textured soil lessivés and rusty soils. Soils
containing these slope deposits do not fulfil criteria
of mollic horizon and must be classified as other
types e.g. rusty soils (in Polish: gleby rdzawe),
leached black earths (in Polish: czarne ziemie
wy³ugowane) or arenosols (in Polish: arenosole).It
is suggested to restore proper colluvial soil type
(in Polish: gleby deluwialne w³aœciwe) within the
order of weakly developed soils (in Polish: gleby
s³abo ukszta³towane). The presence of ochric
horizon developed from colluvium could be taken
into account as the main criterion used for distin-
guishing soils of this type.

4. The creation of the new type of rusty-colluvial soils
(in Polish: gleby rdzawo-deluwialne) within the
order of rustyzemic soils (in Polish: gleby rdza-
woziemne) should be very useful in determining
taxonomic position of colluvial soils with
well-developed sideric horizon.

5. Definition of chernozemic colluvial soils could be
extended to colluvial soils with umbric horizon.
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Problemy klasyfikacji gleb deluwialnych obszarów m³odoglacjalnych

na przyk³adzie Pojezierza Che³miñskiego i Brodnickiego

Streszczenie: Gleby deluwialne stanowi¹ wa¿ny element pokrywy glebowej krajobrazów m³odoglacjalnych Polski pó³nocnej.
Powstaj¹ one w wyniku akumulacji zerodowanego materia³u u podnó¿y stoków i w dnach zag³êbieñ bezodp³ywowych. Celem
przeprowadzonych badañ by³o okreœlenie pozycji systematycznej gleb wykszta³conych z materia³ów deluwialnych, wystêpuj¹cych
powszechnie na terenie Pojezierza Che³miñskiego i Brodnickiego. Do badañ wytypowano 10 profili glebowych po³o¿onych w
ró¿nych typach krajobrazów.  Deluwia, wystêpuj¹ce na obszarze badañ, charakteryzuj¹ siê znacznym zró¿nicowaniem podstawo-
wych w³aœciwoœci: mi¹¿szoœci, uziarnienia, zawartoœci wêgla organicznego, barwy, odczynu lub stopnia wysycenia kompleksu sorp-
cyjnego kationami zasadowymi. W wyniku tego zró¿nicowania, gleby wytworzone z materia³u deluwialnego reprezentuj¹ szerokie
spektrum typologiczne. Czêœæ z nich zawiera epipedony mollic i spe³nia kryteria wyró¿niania gleb deluwialnych czarnoziemnych.
Deluwia czarnoziemne wystêpuj¹ przewa¿nie na kopalnych czarnych ziemiach w obszarach o ma³ych deniwelacjach. Czêœæ bada-
nych pedonów zawiera materia³ deluwialny: o kwaœnym odczynie, niskim stopniu wysycenia kompleksu sorpcyjnego zasadami,
niskiej zawartoœci wêgla i jasnej barwie, przez co musz¹ byæ klasyfikowane jako jednostki innych typów: arenosole i gleby rdzawe.
Gleby te wystêpuj¹ przewa¿nie w  obszarach o znacznych deniwelacjach, przykrywaj¹ jednostki ró¿nego typu od gleb rdzawych po
gleby organiczne i powsta³y w wyniku og³awiania gleb p³owych i rdzawych. Wprowadzenie do Systematyki gleb Polski dodatko-
wych jednostek gleb deluwialnych w³aœciwych, maj¹cych epipedony próchniczne ochric i gleb rdzawo-deluwialnych z endopedona-
mi sideric, a tak¿e rozszerzenie definicji gleb deluwialnych czarnoziemnych o pedony z poziomem umbric umo¿liwi³oby bardziej
precyzyjne wyra¿anie genezy tych gleb. Klasyfikowanie gleb wytworzonych z materia³u deluwialnego jako pedony innych typów
prowadzi do pomijania gleb deluwialnych w opracowaniach kartograficznych i niedoszacowania wp³ywu denudacji na pokrywê
glebow¹.

S³owa kluczowe: denudacja antropogeniczna, erozja gleb, gleby deluwialne, Systematyka gleb Polski


