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Soil erosion, as a result of which physical, chemical and morphological features of the soil are
changing, is an increasingly common problem. The outcropping of deeper horizons of pedons also
causes a change in the colour of their surface horizons, which is reflected in aerial photos. Strongly
exposed to erosive transformations are agricultural areas. Intensive human activity leads to an
increase in ratio of natural slope processes and the movement of soil material by agricultural ma-
chinery, which is called human-induced erosion or denudation. The largest transformations within
study area — the Chelmza commune, can be observed at the tops of convex hills, where the plow
horizons of the strongly truncated soils are mixed with the calcareous parent material (glacial tills).
The aim of this study was to determine spatial extent of soils that contain calcium carbonate in plow
horizons, based on available orthophotomaps and cartographic materials — topographic maps and
a numerical terrain model. More than 700 contours (about 1% of investigated area) of eroded soils
potentially rich in the calcium carbonate were delimited. The following criteria were taken into ac-
count: 1) very bright brown colour of surface horizons indicating the potential presence of calcium
carbonate; 2) proximity of strongly eroded clay-illuvial soils characterized by a dark brown color
of surface horizons indicating the exposure on surface of argik horizons; 3) occurrence in places
exposed to erosion — on tops of hills and within convex slopes. Field works and laboratory analysis
allowed to verification of the contours of potentially calcareous soils. These studies confirmed the
high suitability of aerial photos in delimitation of mentioned pedons — 96% of the analysed profiles
represented strongly eroded calcareous soils. The average content of CaCO3 in plow horizons was
6.1%. The only genetic horizons of the studied soils are weakly developed A horizons lying directly
on parent material. Plow horizons did not meet the criteria referring to colour and/or carbon content
of mollik and parent material had too low a calcium carbonate content to designate kalcik horizons.
According to the Polish Soils Classification (2019), most of the analysed soils can be classified as weakly
developed soils - typical/humic regosols. In one case, due to the strong influence of ground water,
the profile was classified as gleysol. The review of archival materials focused on eroded calcareous
soils indicates the possibility of occurrence of mollik or/and kalcik horizons and what is connected
with it — chernozems, black earths and stagnosols.
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1. Introduction natural slope processes. As a result, soil material is washed away

or moves during the cultivation down the slope, what is called

Issues related to soil erosion, leading to changes in physical,
chemical and morphological features of the soil are more and
more frequently discussed in the scientific literature (Van Oost
et al., 2003; De Alba et al., 2004; Marcinek and Komisarek, 2004;
Leopold and Volkel, 2007; Martinez-Casasnovas and Ramos, 2009;
Dreibrodt et al., 2010; Kittel, 2014; Deumlich et al., 2010, 2018).
Particularly exposed to erosive transformations are hilly and un-
dulating agricultural areas, where long-lasting lack of vegetation
cover and agrotechnical treatments, mainly plowing, intensify

anthropogenic (human-induced) denudation (Sinkiewicz, 1998)
or accelerated erosion (Evans, 1993). The effect of anthropogenic
denudation is the progressive shallowing (truncation) of the soil
profiles located in upper, convex part of slopes, leading to disap-
pearance of genetic horizons, as well as increasing the thickness
of the colluvial material in the depressions and at the foot slope
positions (e.g. Turski et al., 1991; Marcinek and Komisarek, 2004;
Klimowicz and Uziak, 2001; Switoniak, 2014; Switoniak, 2015).
The degree and extent of erosional transformations as well as
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the rate and loss of soil material are diverse. The truncation of
profiles is dependent on inclination, exposure and shape of slopes,
soil susceptibility to erosion, land use and many other factors
(Sinkiewicz, 1998; Paluszek, 2010; Podlasinski, 2013; Switoniak,
2014; Deumlich et al., 2010, 2018).

The most intensive studies on soil erosion in Poland were
conducted mainly in mountainous and upland areas (e.g. Turski
et al., 1987; Jozefaciuk and Jézefaciuk, 1996; Paluszek, 1994, 2010).
The first papers focused on the Polish Lowlands were published,
among others by Chudecki (1960) and Uggla et al. (1968). Since the
end of the nineties of the 20-th century the studies on erosion of
the most common moraine upland pedons - clay-illuviated soils
(Luvisols or Retisols in WRB (IUSS, 2015)) have been intensified.
This phenomenon was studied by Sinkiewicz (1998), Bednarek
and Szrejder (2004) within Chelmno morainic plateau, Bednarek
et al. (2009) on Swiecie plateau or Switoniak (2014) within area
of Brodnica Lakeland and on borders of morainic plateaus with
huge river valleys (Switoniak et al., 2015, 2018). In the analyzed
area of the Chelmno morainic plateau, clay-illuviated soils were
strongly truncated to the argik horizon (Bednarek and Szrejder,
2004), and their morphology is similar to brown soils (PSG, 2019)
or Cambisols according to WRB (Switoniak et al., 2016). In places
with significant denivelations and heavily exposed to the slope
processes, soil truncation leads to the outcropping of the former
parent material — calcareous glacial till (Switoniak et al., 2013;
Switoniak, 2014). As a result strongly eroded soils with simple
sequence of soil horizons Apk-Ck and calcium carbonate in plow
horizons (Apk) were developed.

Traditional methods for determining the degree and extent
of soil erosion based mainly on the analysis of agricultural soil
maps, topographic, geological maps etc. in combination with work-
and time-consuming detailed field work seems to be insufficient.
Although the transformations related to human-induced erosion
in the soil cover of young morainic areas of north Poland are
significant, there is lack of cartographic units on the agricultural
soils maps associated with the discussed phenomenon (Pindral
and Switoniak, 2017). Therefore many researchers state that
it is necessary to reclassify and update agricultural soil maps
(Kobierski, 2013), and then to determine the extent of erosion-
al transformations. The updated results should be correlated
with orthophotomaps (Przewozna, 2012). Since the 1960s, the
recognition of variability of soil properties on the basis of aerial
photographs has grown rapidly. Many researchers dealt with this
issue and described the methods of aerial photo interpretation e.g.
Buringh (1970), Bialousz (1978), Bialousz et al. (1978), Sinkiewicz
(1998), Zizala et al. (2019). The aerial photos are a very useful
tool for interpreting the extent and degree of eroded soils due to
the shallowing of the soil profile, physical and physicochemical
properties of surface horizons and their spectral response are
changing too (Switoniak et al., 2013). For example, according to
Gacki and Golebiewski (1977) decreasing the amount of humus on
the eroded slope leads to a reduction in the optical density, which
is manifested in a lighter phototon in the aerial photos.

The present study aims to assess the possibility of using aerial
photographs in delineation of the contours of pedons containing
calcium carbonate in plow horizons (hereafter in brief called
“calcareous soils”), which are the most eroded and weakly devel-
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oped soils within young moraine areas. This goal was achieved
through the following research tasks:

1) preliminary delineation of potentially calcareous soil con-
tours on the basis of the adopted key with the use of a easily
accessible orthophotomaps;

2) field validation of designated contours;

3) determination of basic physical and chemical properties of
the studied soils, their profile morphology and systematic position.

2. Study area and methods

The study was carried out in the Chelmza commune. This area
was chosen due to diversity of terrain denivelation and intensive
agricultural use (two factors leading to widespread erosional
soil changes) as well as dominance of moraine uplands in which
clay-illuvial soils predominate and are potentially truncated in
some locations to the depth of the carbonate-rich parent materials
Ck (glacial tills).

In administrative terms, the commune is located in the Torun
poviat in the central part of the Kuyavian-Pomeranian Voivode-
ship (Fig. 1). According to the division of Poland into physiogeo-
graphic regions, the analyzed area islocated in the Chelmno Lake
District mesoregion (Kondracki, 2009). It borders with the Drweca
Valley and the Bodnica Lake District in the east, the Torun Basin
in the south, the Fordon Valley and the Grudziadz Basin in the
west and the Ilawa Lake District in the north (Kondracki, 2009;
Solon et al., 2018).

Average annual air temperature (based on data from period
1951-1970) in the studied area is 7,5°C (W¢jcik and Marciniak,
1987a). The warmest month is July with average air temperature
of 17,5°C, and the coldest month is February with average air
temperature of —3,3°C. The average annual precipitation in the
Chelmno Lake District is 519 mm with the majority of precipita-
tion occurring in summer and the maximum in July - 101 mm
(Wbojcik and Marciniak, 1987b). The humid period with precipita-
tion-evaporation ratio > 1 lasts for a whole year conditioning the
leaching soil-water regime in pedons with good natural drainage.

Relief of the studied area is very diverse (Fig. 2) and has all
the features of the young glacial (inherited from the last glaci-
ation) landscape. The study area is located within the range of
Pomeranian phase of the Weichselian glaciation (Niewiarowski,
1959), which left deposits of morainic glacial tills or fluvioglacial
sands and gravels in the analyzed area. The average elevation
of the Chelmno morainic plateau increases from the south, on
contact with the Torun Basin from 85 m a.s.l. up to 90-95 m a.s.l.
towards east and north (Niewiarowski and Weckwerth, 2006).
The altitude of the analyzed area varies from 75 to 111 m, and
the maximum denivelations are 36 m. The most varied terrain
with the inclination of slopes between 2°-10° is typical for hilly
and undulating moraine plateau in the north-eastern part of the
area. The relief of the southern part of the analyzed area has a
completely different character. There is the lowest point of the
area (75 m n.p.m.), in the place where the flat morainic plateau
is cut by subglacial tunnel valley (Fig. 2) with slope inclination
even up to 13°. Bottom part of tunnel valley is occupied by many
post-glacial lakes elongated in shape, including the largest in the
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Characteristic of calcareous soils within young moraine areas

Fig. 1. Location of
study area
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Fig. 2. Geomorphology (Niewiarowski, 1959) and relief (DTM).
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area — Chelmzynskie Lake, the river Fryba, and Holocene organ-
ic deposits (peats). The described valley has a NW-SE direction,
which matches to entire late Pleistocene drainage system of the
region —the ice marginal Drweca Valley (they are perpendicular)
and the tunnel valleys of Dobrzyn Lake District (Wysota, 1993).
The fluvioglacial sands and gravels formed the Chelmza outwash
plain, stretching in the form of a strip along the tunnel valley
described above.

The dominant parent materials of soils in the studied area
are glacial tills and fluvioglacial as well as glacial sands deposited
during the last glaciation. Holocene sediments occupy relatively
small areas. Clay-illuviated soils (PSC, 2019) or according to WRB
Luvisols and Retisols (IUSS, 2015) cover 66% of the studied area.
As a result of erosive shallowing of pedons, the primeval humus
and eluvial horizons have been destroyed in many places, and
the present sequence of horizons (A-Bt-Ck) resembles the brown
soils (PSC, 2019) or Cambisols (IUSS, 2015) morphology (Bednarek
and Szrejder, 2004; Switoniak et al., 2016). In places with limited
natural drainage, semihydrogenic black earths (PSC, 2019) —- Mollic
Gleysols or Gleyic Chernozems according to WRB (IUSS, 2015)
were also developed from glacial deposits. Calcareous sandy
loams or loams are parent materials of these soils (Bednarek
and Jankowski, 2006). They occupy a substantial area (18%) of the
studied region. The largest contours of black earths occur in the
southern part of the area within the flat morainic plateau. Smaller,
but numerous spots of these soils were developed within bottom
parts of terrain depressions of the hilly and undulating moraine
plateaus in the entire area. From the fluvioglacial sands, rusty
soils (PSC, 2019) / Brunic Arenosols (IUSS, 2015) were formed. Such
soils constitute 5% of the area. Organic soils (Histosols in WRB)
occur in bottom of tunnel valley and in some local depressions.
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Fig. 3. Soil cover (according to soil agricultural maps 1:25 000) and land
use (according to Corine Land Cover 2012).

Forms of land use are typical for whole Chelmno Lake Dis-
trict mesoregion. Agricultural land covers 89% of the area with
predominant arable land — 83% (Fig. 3). Due to the relatively high
soil fertility and favorable relief, this area has been used for agri-
cultural purposes since 7th-8th century (Chudziak, 1990). Forests
covering about 1.5% of the area remained only on the less fertile
soils (unsuitable for agriculture), which were developed mainly
from fluvioglacial sands.

Based on the collected cartographic materials (topographic
map, agricultural soil map 1:25.000, DTM) and accessible ortho-
photomaps (https://www.google.pl/maps; www.geoportal.gov.pl),
the contours of soils that could contain calcium carbonate in
plow horizons were pre-determined. Delimitation of the con-
tours was made with the QGis software tools. About 35% of the
entire area was suitable for the analysis — plots of arable land,
where photointerpretation was possible based on the colour of
surface horizons without vegetation coverage (Fig. 4). More than
700 contours representing approximately 1% of the analyzed area
were selected for further testing. The selected contours met the
following criteria: i) light colour of surface horizons (from light
brown to almost white), which indicates the potential presence of
calcium carbonate; ii) surroundings by “rings” of eroded clay-il-
luvial soils that were characterized by a dark brown color in the
photos resulting from the outcropping on surface Bt horizons;
iii) occurrence in places particularly exposed to erosion, i.e. on
hillsides and within convex parts of slopes (Fig. 4).
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From among the 700 contours, 50 field validation sites were
randomly selected. In these points the verification of the pres-
ence of calcium carbonate with 1M HCI in plow horizons was
made during field work. In addition, soil samples were taken
from plow and sub-plow horizons in 16 places to determine their
properties in laboratory. Standard soil analyses were performed
using the methods as follows: total organic carbon (TOC) content —
by Tiurin’s method; total nitrogen content by Kjeldahl method;
CaCOs3 content — volumetric Scheibler method; particle-size dis-
tribution - by sieve and sedimentary aerometric method; pH of
soil-to-solution ratio of 1:2.5 using 1M KCl and distilled H,O as
the suspension medium. Color has been described according to
Munsell Soil Color Charts (2000).

The systematic position and symbols/names of diagnostic
horizons were given after the sixth edition of the Polish Soil
Classification (PSC 2019) and WRB (IUSS 2015). English-language
names of soil units (PSC 2019) were given as proposed by Kabala
et al. (2019).

3. Results

Almost all analyzed soil profiles were characterized by a very
simple sequence of genetic horizons (Fig. 5, Table 1) with plow
Ap overlying directly the parent material Ck. Lack of any eluvial
or illuvial horizons was noticed in whole group of the analyzed
soils, and only in one case (Profile 1) the parent material had
gleyic features connected with groundwater influence. Solum
was limited to the thickness of plow horizon, whose lower abrupt
boundary was at a maximum depth of about 30 cm. In terms of
texture, various granulometric groups of loams dominated both
in Ap horizons and in parent materials. The vast majority of sur-
face horizons had sandy loam texture. Clay fraction content in Ap
horizons ranged from 7% to 24% (mean 17%, SD+4.6). The parent
material of the studied soils were texturally slightly more diverse —
from clay loam containing 34% of clay fraction to very fine sandy
loam with a small amount of clay (4%) (mean 16%, SD+7.3). Only
one soil sample (a deeper material lithologically different from
parent material in profile 16) had texture of very fine loamy sand
with almost 90% of the sand fraction content.

In surface horizons, the mean organic carbon content
(Table 2) was 0.63% (SD+0.14, values from 0.38% to 0.85%), while
the C/N ratio was narrow, on average 8 (ranged from 7 to 9).

Almost all investigated soils contained calcium carbonate
(Table 2), whose average content in Apk horizons was 5.8%
(SD+3.2) and individual values were in the range of 0.41% (Pro-
file 4) and 9.91% (Profile 3). In the parent materials, its content
was even higher reaching 13.8% (mean 10.2, SD+3.8) (Profile 1).
Calcium carbonate occurred both in dispersed and concentrated
forms. They are especially well visible macroscopically in parent
materials in form of concretions, nodules, pseudomycelia or in-
fillings. Secondary carbonates in Ap horizons usually have only
the character of chaotically arranged, disturbed concretions. The
reaction of both calcareous Ap horizons and parent materials is
alkaline and the pHgy,o values range from 7.8 to 8.9 (pHkc17.1-8.4).
An exception is Profile 13, where no calcium carbonate has been
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contours of potential occurrence of calcareous soils
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Fig. 4. Extent of analyzed areas, places of po-
tential occurrence of calcareous soils and lo-
cation of study sites (soil pits and hand-made 0 50
augerholes)

found. In the non-calcareous samples of Profile 13, the pH values
were lower and were 5.6 (Ap) - 6.5 (C) in water and 4.8 (Ap) and 5.4
(C) in KCl, respectively. The remaining validation points, where the
presence of calcium carbonate was only checked for surface hori-
zons by field measurement with 1M HCL, were mostly calcareous.
The length and intensity of acid reaction (effervescence) indicate
of 2-15% of calcium carbonate content. Only in one case (near

Characteristic of calcareous soils within young moraine areas

® validation points
@ hand-made augerholes
B soil pits

100 m

Profile 13) there was no detectable visible or audible effervescence
of soil material with acid.

The color of the surface levels was usually brown (10YR 5/3
dry, 10YR 4/3 wet) and only slightly differs compared to the parent
materials where yellowish-brown or pale brown color predomi-
nates (10YR 6/3 dry, 10YR 5/4 wet).

27



Matecka and Switoniak

Fig. 5. Typical
morphology of inve-
stigated soils

4. Discussion

In the whole group of the 50 analyzed sites (soil pits, auger-
holes and surface validation measurements) only in two cases
soil material in plow horizons was non-calcareous. The obtained
results indicate the high (96%) effectiveness of the preliminary
interpretation key for aerial images prepared for the Brodnica
Lakeland, which is very useful to determine the occurrence of
calcareous soils (Switoniak et al., 2013). The reason for the lack of
calcium carbonate in the Profile 13 (and lying near to it the one
of validation point) may be the different (than glacial tills) litho-
logical character of the sediment. The mentioned non-carbonate
soils were located in the edge zone of the morainic upland on
contact with the tunnel valley and are probably developed from
fluvioglacial deposits characterized by bright colour. Similar tex-
ture with a high content of sand fraction was also found in horizon
2C containing fluvioglacial sand covered by loamy material in
Profile 16 located in upper slope of tunnel valley. The all others
studied soils had the texture typical for glacial tills of moraine
plateaus (Bednarek and Prusinkiewicz, 1997). The content of cal-
cium carbonate in the analyzed pedons was very diverse — both
in plow horizons and parent materials (Table 2). The main factor
conditioning this diversity is probably the natural primary het-
erogeneity of glacial tills (Bednarek and Prusinkiewicz, 1997). It
was confirmed by the research of other authors, e.g. Kobierski
(2013) noticed in the parent materials (Ck) of clay-illuviated soils
of Krajna, Chodziez and Chelmno Lake District CaCOs content
from 6.5% to 10.9%. In similar morainic soils of the Brodnica Lake
District this variability is even greater and ranges between 0.6%
and 9.1% (Switoniak, 2014). In addition, the parent materials of
the studied soils contain a considerable number of secondary
forms of CaCOs that affect even greater variation in the content
of carbonates in the soil material. It should be noted that the
highest content of CaCOs was recorded in Profile 1 where parent
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brown (10YR 5/3; 10YR 4/3), slightly moist, moderate
subangular medium/coarse structure, very fine or
fine roots, few carbonates, abrupt smooth boundary;

| Ck - 30—(60) cm, parent material with protocalcic

properties, sandy loam, yellowish brown (10YR 7/3;
10YR 5/4), slightly moist, strong subangular coarse
structure, very fine and very few roots, common fine
rounded soft concretions and pseudomycelium of
secondary carbonates.

material was affected by groundwater that could limit the leaching
of carbonates outside the soil profile or even could enrich top of
soil in carbonates due capillary rising and evaporation.

The contours of the discussed calcareous soils were easily
identifiable and delineable due to their high contrast in rela-
tion to the surrounding dark brown outcrops of argik horizons
(Switoniak et al., 2013). The contours were usually small, i.e. on
average slightly below 0.1 ha and their shape referred to the sum-
mits of moraine hills. Slightly larger sizes reached longitudinal
contours covered the upper, convex parts of the valley slopes.
Despite the small size compared to the contours of other soils,
they were numerous (over 700 in the analyzed area) and cover
about 1% of the entire soil cover of the study area. It should be
noted that on the agricultural soil maps this type of cartographic
units were completely neglected (Switoniak et al., 2016; Pindral
and Switoniak, 2017). It seems to be a serious mistake, because the
exposure of the calcareous material on the terrain surface of the
upper slopes have great importance not only to the place where
they occur. They are changing the functioning of entire soil cate-
nas e.g. can lead to inversion of genetic horizons by washing the
soil material downslope. Moreover it can increase the pH value
of all soils located along slope through the lateral, gravitational
migration of waters rich in dissolved calcium carbonate (Sommer
and Schlichting, 1997).

The presence of calcium carbonate in the plow horizons of
the studied soils is largely associated with the strong impact of
slope processes on the soil cover. The outcropping of the calcar-
eous parent material results from the erosional shallowing of the
soils with a substantially larger primary thickness of solum. The
vast majority of authors interpret the soils of moraine uplands
with the sequence of Ap-Ck horizons as the strongest stage of
truncation of primeval clay-illuviated soils. These conclusions
were reached, among others, by Sinkiewicz (1998) in many re-
gions of north Poland, Koémit et al. (2001) within West Pomera-
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Table 1.
Texture of the studied soils

Characteristic of calcareous soils within young moraine areas

Percentage share of fraction, size of fraction in mm

Textural class

Gravel Sand Silt Clay PTG USDA
Profile Horizon Depth [cm] (>2.0) (2.0-0.05) (0.05-0.002) (<0.002) 2008

1 Apk 0-30 6 59 24 17 gl SL
Ckg 30-(60) 5 59 23 18 gl SL

2 Apk 0-30 5 72 19 9 gpdr SL
Cck 30-(60) 5 64 27 9 gl SL

3 Apk 0-30 4 60 25 15 gl SL
Ck 30-(60) 3 58 26 16 gl SL

4 Apk 0-30 2 60 26 14 gl SL
Ck 30-(60) 3 58 23 19 gl SL

5 Apk 0-30 4 59 22 19 gl SL
ck 30-(60) 4 61 23 16 gl SL

6 Apk 0-30 4 56 24 20 gl SCL
Ck 30-(60) 54 25 21 gpi SCL

7  Apk 0-30 8 57 19 24 gpi SCL
Cck 30-(60) 4 39 27 34 gi CL

8 Apk 0-30 2 52 29 19 gl L
Ck 30-(60) 2 43 32 25 gz L

9 Apk 0-30 8 58 23 19 gl SL
Ck 30-(60) 4 58 24 18 gl SL

10 Apk 0-30 3 61 22 17 gl SL
Ck 30-(60) 2 61 24 15 gl SL

11  Apk 0-30 3 58 26 16 gl SL
Ck 30-(60) 7 59 24 17 gl SL

12 Apk 0-30 7 59 23 18 gl SL
Ck 30-(60) 3 59 25 16 gl SL

13 Ap 0-30 1 71 22 7 gpdr FSL
C 30-(60) 1 65 31 4 gpbdr  FSL
14 Apk 0-30 49 35 16 gz L
Ck 30-(60) 53 34 13 gl SL

15 Apk 0-30 3 46 32 22 gz L
Ck 30-(60) 3 44 35 21 gz L

16  Apk 0-20 1 67 23 10 gpdr FSL
Ck 20-40 66 23 11 gpdr FSL
2Ck 40-(60) 0 89 7 4 pghdr  FS

gl - glina lekka, gpdr — glina piaszczysta drobnoziarnista, gpbdr — glina piaszczysta bardzo drobnoziarnista, gpi — glina
piaszczysto-ilasta, gz — glina zwykla, SL -sandy loam, SCL - sandy clay loam, CL - clay loam, L - loam, FSL - fine sandy loam,

FS - fine sand.

nia, Bednarek and Szrejder (2004) in the Chelmno Lake District,
Podlasinski (2013) in the Weltyn Plain and Switoniak (2014) in
Brodnica Lake District. Similar phenomena of soil truncation
and outcropping the calcareous parent material on the terrain
surface were also recorded in the post-glacial morainic areas of
Mecklenburg and Brandenburg (Deumlich et al., 2010, 2018) and

in loess regions - in the Lublin Upland (Klimowicz and Uziak,
2001), in Hungary (Novdk et al., 2018) or in the Czech Republic
(PeniZek et al., 2018; Zizala et al., 2019). Such a significant amount
of well-preserved concentrations of secondary carbonates could
not be formed directly below the plow horizons. In areas not
affected by groundwater and therefore exposed to leaching by
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rainwater, there would be a rapid decalcification of moraine ma-
terial, the initiation of the lessivage process and the development
of the argik horizons (Sauer et al.,, 2009; Quénard et al., 2011).
Meanwhile, forms typical of the translocation and accumulation
of clay fraction (clay coatings or infillings) were not observed
in the studied soils. In addition, the plow horizons did not have
an increased clay fraction content compared to the parent ma-
terials — so it does not appear to contain even residues of the

Table 2.
Chemical and physical properties of the studied soils

SOIL SCIENCE ANNUAL

argik Bt horizons. Because all analyzed calcareous soils in the
studied area were located in places most exposed to erosion and
were surrounded by eroded clay-illuviated soils, their erosive
genesis can certainly be confirmed. Probably they are a result
of truncation of clay-illuvial soils pre-developed in these places.
The succeeding effect of the erosion was also the low content of
organic carbon in Ap horizons (mean - 0,63%) what according
to Jézefaciuk and Jézefaciuk (1999) is a result of intensive slope

Corg Nt C/N pH CaCOs Color
[%]
Profile  Horizon Dept [cm] [%] 5 P10) 1M KCl1 dry moist
1 Apk 0-30 0.62 0.081 8 8.1 7.9 8.3 10YR 6/3 10YR 4/2
Ckg 30-(60) 8.6 8.1 13.8 10YR 7/3 10YR 5/4
2 Apk 0-30 0.49 0.064 8 8.3 8.1 5.1 10YR 5/3 10YR 4/3
ck 30-(60) 8.9 8.3 12.7 10YR 7/3 10YR 5/4
3 Apk 0-30 0.38 0.046 8 8.6 8.0 9.9 10YR 6/3 10YR 4/4
ck 30-(60) 8.7 8.0 11.6 10YR 6/4 10YR 5/4
4 Apk 0-30 0.83 0.103 8 8.0 7.5 0.4 10YR 5/3 10YR 3,5/3
ck 30-(60) 7.8 7.1 0.4 10YR 6/3 10YR 4/3
5 Apk 0-30 0.67 0.083 8 8.5 7.9 5.8 10YR 5/3 10YR 4/3
ck 30-(60) 8.8 8.1 9.8 10YR 6/4 10YR 5/4
6 Apk 0-30 0.46 0.057 8 8.6 7.9 9.6 10YR 5/3 10YR 4/3
ck 30-(60) 8.7 7.9 12.7 10YR 5/3 10YR 4/4
7  Apk 0-30 0.84 0.096 9 8.3 7.6 3.6 10YR 5/3 10YR 3,5/3
ck 30-(60) 8.7 7.6 13.1 10YR 6/3 10YR 5/3
8 Apk 0-30 0.84 0.091 9 8.4 7.7 7.7 10YR 5/3 10YR 4/3
ck 30-(60) 8.6 7.7 10.6 10YR 6/3 10YR 4/3,5
9 Apk 0-30 0.62 0.078 8 8.3 7.6 9.7 10YR 5,5/3 10YR 4/3
ck 30-(60) 8.0 7.7 6.8 10YR 6,5/3 10YR 5/4
10  Apk 0-30 0.71 0.086 8 8.2 7.6 3.8 10YR 4/4 10YR 3,5/3
ck 30-(60) 8.5 7.8 9.0. 10YR 6/4 10YR 5/4
11 Apk 0-30 0.59 0.074 8 8.4 7.7 5.8 10YR 5,5/4 10YR 4/3
ck 30-(60) 8.7 7.8 12.3 10YR 6/4 10YR 4,5/4
12 Apk 0-30 0.50 0.070 7 8.4 8.0 9.3 10YR 5,5/3 10YR 4/4
ck 30-(60) 8.7 7.9 11.7 10YR 6/4 10YR 5/4
13  Ap 0-30 0.55 0.065 8 5.6 4.8 - 10YR 5/3 10YR 3/3
C 30-(60) 6.5 5.4 - 10YR 6,5/3 10YR 4,5/3
14  Apk 0-30 0.53 0.065 8 8.2 7.7 5.99 2,5YR 6/3 2,5 YR 4,5/4
ck 30-(60) 8.6 7.6 7.26 2,5 YR 6/4 2,5YR 4,5/4
15  Apk 0-30 0.77 0.090 9 8.1 7.5 2.82 10YR 5,5/3,5 10YR 3,5/4
ck 30-(60) 8.2 7.5 7.87 10YR 5/3 10YR 4/4
16  Apk 0-20 0.74 0.082 9 8.4 7.9 4.20 10YR 5/3,5 10YR 3,5/3
Ck 20-40 8.4 7.7 4.58 10YR 5/3,5 10YR 4/3
2Ck 40-(60) 8.9 8.4 4.50 10YR 6,5/4 10YR 5/3

—-not analyzed
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Fig. 6. Systematic position of eroded calcareo-

us soils PSC6 (2019)
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processes and indicate strong soil truncation. Less than 1% of
organic carbon content in eroded Ap-Ck soils was also noted by
Podlasinski (2013) in the Weltyn Plain (2013) and Deumlich et al.
(2018) in the north-east of Germany.

Strong truncation of the studied soils affected the lack of
diagnostic horizons in the discussed pedons both according to the
criteria of Polish Soil Classification (2019) and the international
WRB system (IUSS, 2015). With the exception of Profile 1 where
a strong influence of groundwater and a shallow occurrence of
gleyic properties allowed classify this soil as gleysol (Gleysol in
WRB). All other profiles were classified as regosols (Regosols in
WRB - Table 3). Despite the fact that Ap horizons have a sufficient
thickness, a well-developed soil structure and high base saturation
(high pH values) they could not be considered as diagnostic. In
the analyzed cases, the main feature preventing the designation
of mollik (mollic in WRB) horizons was the too light color of the
Ap horizons. Significant thickness of Ap (resulting from plowing)
enabled to identification of humic subtype (PSC, 2019) in fifteen
cases of regosols. In WRB names, the Ochric qualifier was used

humus horizon - colour dark

Corg content high

to indicate the presence of humus horizons that do not meet the
diagnostic criteria. Their ploughed character was also emphasized
by adding the Aric qualifier. The accumulation of calcium carbon-
ate (less than 15%) and its secondary forms in parent material
is also insufficient to meet the diagnostic criteria of kalcik (PSC,
2019) or calcic (IUSS, 2015) horizon. In Polish Soil Classification
(2019), the presence of carbonates above 2% was marked by the
calcareous variety within type of regosols which was possible to
use in the 14 studied soils. In the WRB nomenclature, in 13 cases
where the secondary forms of carbonates occupied more than 5%
of the soil volume, the qualifier Protocalcic was used. The high
base saturation (expressed by high pH values) allowed to use the
qualifier Eutric, which due to the lack of other additional features
is the most important and the only principal qualifier in all an-
alysed Regosols (IUSS, 2015). It should be added that in the WRB
system it was possible to specify in more detail the properties of
soils in their names in comparison with the PSC (2019). The loamy
texture was emphasized by the use of the Loamic qualifier, and
the bedding of the profile 16 with a sandy material of different
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lithogenesis at a depth of 40 cm - by qualifier Katoarenic and
Epiraptic (lithic discontinuity at depth < 50 cm). In the case of
Gleysol located within the field surrounded by drainage channels,
it was also possible to add the qualifier Drainic.

The analyzed soils represent a relatively homogeneous group
in terms of classification units. Most of them, despite their low
thickness and simple sequence of soil horizons, had well expressed
features of pedogenesis (accumulation of humus in surface hori-
zons, significant concentration of secondary carbonates in the
parent materials) and presented pedons “on the border” with
other classification units. In eight cases (nine in WRB - because of
lower diagnostic thickness) almost all criteria of mollik (mollic in
WRB) have been met. Moreover in seven profiles the calcium car-
bonate content in the parent material was high and exceeded over
10%, which brings them close to kalcik (PSC, 2019) or calcic (IUSS,
2015) horizon. Review of archival materials (master’s theses) and

Table 3.
Systematic position of investigated soils

SOIL SCIENCE ANNUAL

previously published papers focused on the erosional changes of
soil cover within young glacial morainic areas and elaborated in
the Department of Soil Science and Landscape Management of
Nicolaus Copernicus University in Torun allowed for a broader
view on the systematic position of eroded soils containing calcium
carbonate in plow horizons. Additional 15 profiles (Table 4) were
analysed - together 30, because non-calcareous Profile 13 was not
further taken into consideration.

Calcareous soils not influenced by groundwater or without
strong stagnation of rainwater and with Ap-Ck sequence of genet-
ic horizons which did not meet the diagnostic criteria — typical/
humic regosols PSC (2019) or Eutric Regosols (IUSS 2015) repre-
sented the most common pedons (22 profiles). In the two other
cases (Ramowska, 2016; Rataj, 2012) the presence of kalcik/calcic
horizons with primary and secondary carbonates content > 15%
has been noted just under the plow horizons. According to WRB

Mollik g Systematic position
P
on
Vi
g 5]
S g
o —
o - %
Al j=1o] S j=N
0 o 5 5 0 3 2
9] 5 O 2 ©u A a,
) =]
— g = ° 3} Al 4 9
§ 2 8 2 £ 2 &8 %
& S % R S8 B X T  PSC(2019) WRB (2015)
1+ + + - + - + Humic Gleysol Eutric Gleysol
(Calcareous) (Aric, Drainic, Loamic,
Ochric)
2+ + - - + - -
3+ + - - + - -
5 + + + - + - -
6 + + - - + - -
7+ + + - + - -
- - . Eutric Regosol
8 + + + Humic Regosol . & .
(Calcareous) (Aric, Loamic,
9 + + + - + - - Protocalcic, Ochric)
10 + + + - + - -
11+ + - - + - -
12+ + - - + - -
14 + + - - + - -
15  + + - - + - -
4 + + + - + - - Humic Eutric Regosol
Regosol (Aric, Loamic, Ochric)
13+ + - + + - -
16 + + -+ - - Typical Regosol Eutric Regosol
(Calcareous) (Aric, Epiloamic,

Katoarenic, Ochric,
Epiraptic)
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Table 4.
Systematic position of calcareous soils based on a literature review

Characteristic of calcareous soils within young moraine areas

Systematic position

2
N
(]
o
Q
A o=
= % 5
= o = <
< site = ¥4 & PSC (2019) WRB (2015) Reference
1 Slesin, Krajna morainic plateau + + - Typical Chernozem  Calcic Kastanozem Switoniak et al. (2018)
(Aric, Loamic, Pachic)
2 Zbdjno, Dobrzyn Lakeland - + - Haplic Calcisol Rataj (2012)
(Aric, Loamic, Ochric)
3 Bocien, Chelmno Lakeland - + - Ramowska (2016)
4 - - - Switoniak (2014)
— Gaj, Brodnica Lakeland
5 — - — Switoniak et al., (2014)
6  Sumowo, Brodnica Lakeland - Switoniak et al. (2013)
7  Wabrzezno, Chelmno Lakeland - - - Humic/Typical Eutric Regosol Izydorski (2016)
Regosol (Aric, Loamic,
8 Jedwabno, Chelmno Lakeland - - - (Calcareous) Protocalcic, Ochric) Ramowska (2016)
9  Papowo Torunskie, Chelmno Lakeland - - -
Szulinski (2017)
10  Gronoéwko, Chelmno Lakeland - - -
11  Zbdjno, Dobrzyn Lakeland - - - Dabrowski et al. (2018)
12 Wielka Laka, Chelmno Lakeland + + + Calcic black earth Calcic Chernic/ Mollic Zielinski (2014)
Gleysol (Aric, Drainic,
13  Kamionki Male, Chelmno LAkeland Loamic) Szulinski (2017)
14  Wielka Laka, Chelmno Lakeland + - + Typical black earth ~ Mollic Gleysol (Aric, Zielinski (2014)
Drainic, Loamic,
Protocalcic)
15  Sumowko, Brodnica Lakeland - - + Typical stagnosol Calcaric Stagnosol Mendyk et al. (2014)

(Endoarenic, Aric, Ochric)

(IUSS, 2015) such pedons were classified as Calcisols, whereas in
PSC (2019) for such soils it is not possible to mark the presence
of kalcik horizons in the rank of a separate type or subtype of
regosols. It can be only highlighted by the use of calcareous va-
riety. The need to raise the rank of this attribute to the subtype
in regosols (analogously like e.g. in black earths type) should be
widely discussed in the future. In one place, the soil was addition-
ally characterized by the presence of the mollik (mollic in WRB),
which in combination with the kalcik (calcic in WRB), entitles to
put it in the chernozem type (PSC, 2019) or according to rules of
WRB (IUSS, 2015) — Kastanozem reference soil group (Chernozems
in WRB must have even better developed than mollic — the cher-
nic horizon). The occurrence of this type of soil in highly eroded
places was resulted from inhibition of erosion and “rebuilding” of
the humus horizon (Switoniak et al., 2018). The discussed cherno-
zem (PSC 2019) was located on the upper border of the meadow
(in the past it was plowing area) where grass vegetation stopped
the erosion and led to the accumulation of organic carbon and
change color to dark enough for criteria of mollik horizon. All
mentioned soils (with or without diagnostic horizons) occupied
the upper slopes and summits of moraine hills of the Chelmno

(Izydorski, 2016; Ramowska, 2016; Szuliniski, 2017), Dobrzyn (Rataj,
2012; Dabrowski et al., 2018) or Brodnica Lake District (Switoniak
et al,, 2013, 2014; Switoniak, 2014) and they were surrounded by
the “rings” of eroded clay-illuvial soils with exposed argik (argic,
WRB) horizons on the surface. On aerial photographs, in the “back-
ground” or “matrix” of the soil cover outside the dark brown Bt
rings, light gray or brown colors mainly occur indicating relatively
small amounts of humus in plow horizons what is related to good
natural drainage of area (Fig. 4; Switoniak et al., 2013).

The next 5 profiles represent soils with strong gleyic or stag-
nic properties (Ap-Ckg). The poor natural drainage of the areas
with these soils was reflected in aerial photographs by the dark
gray or even almost black color of soils in “background” surround-
ing bright contours of carbonate soils and dark brown rings of Bt
outcrops (Fig. 4; Switoniak et al., 2013). This indicates a substantial
amount of humus accumulated in soils located in depression with
conditions of insufficient aeration and periodical waterlogging
(Fig. 4; Bialousz et al., 1978). Although studied Ap-Ckg soils resem-
ble morphologically fully formed, non-eroded semihydrogenic
soils such as gleysols or black earths, their erosive shallowing
leading to exposure on the surface calcareous material is indisput-
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able. They occupied relatively low hills at the foot of which young
colluvial material has been found. In one case stagnic properties
were found and the soil was assigned to stagnosols (PSC, 2019;
1USS, 2015). The factor that hinders the outflow of rainwater was
the shallow presence of a low permeable kame material rich in
calcium carbonate (Mendyk et al., 2014). The four remaining soils
were significantly influenced by groundwater. According to WRB
(IUSS, 2015), they were classified to the Gleysol reference group.
After applying the criteria adopted in PSC (2019) only one profile
belonged to gleysols. In the other three profiles, the presence
of mollik horizons was recorded, thanks to which they met the
criteria of black earths. In this group, the two pedons were also
characterized by a significant accumulation of calcium carbonate
(> 15%), thus representing a subtype of calcic black earths.

5. Summary and conclusions

The obtained results allow to draw the following conclusions:

the contours of the studied calcareous soils can be deter-
mined on the basis of areas with light brown color of humus
horizons, surrounded by dark brown rings — corresponding
to outcrops of Bt horizons of eroded clay-illuvial soils;
investigated calcareous soils, were truncated by erosion and
have a simple morphology that is generally limited to two
horizons: Ap-Ck in areas with good natural drainage and
Ap-Ckg in areas with periodic water saturation;

in areas with good natural drainage, the examined calcar-
eous soils are characterized by lack of diagnostic horizons
and mainly represent regosols both in terms of Polish Soil
Systematics (2019) and the international WRB system (2015).
In some profiles, a significant concentration of secondary
carbonates and CaCO; content higher than 15% allowed for
classifying the soil as Calcisol according to WRB. In one case,
due to the inhibition of erosive processes and the develop-
ment of mollik horizon (over kalcik horizon), transformation
of weakly developed soil in chernozem (PSC 2019) or accord-
ing to criteria of WRB - Kastanozem was confirmed.

in moraine uplands with restricted natural drainage, calcar-
eous soils were mostly classified as black earths or less often
gleysols or stagnosols (PSC, 2019). According to WRB, these
soils are mostly Gleysols, much less frequently — Stagnosols.

Studies on the properties of eroded calcareous soils and the
use of various cartographic materials in determining their range
of occurrence require further continuation. It is necessary to
develop a procedure for automatically determining the contours
of these soils. An interesting issue would be to diagnose the rela-
tionship between the color of their surface horizons and the con-
tent of calcium carbonate, organic carbon or texture. A thorough
comparative analysis of calcareous soils location in combination
with detailed terrain models would also help in determining the
morphometric parameters of the surfaces conditioning the oc-
currence of such a strong stage of soil truncation.
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Delimitacja konturéw, wlasciwosci i pozycja systematyczna gleb zawierajacych
weglan wapnia w poziomach ornych w obszarach mlodoglacjalnych

Slowa kluczowe Streszczenie
Ortofotomapy
Erozja gleb

Gleby weglanowe
Regosole

Erozja gleb prowadzi do sptycenia profilu glebowego i zmian wlasciwosci fizycznych, chemicznych
oraz cech morfologicznych gleby. Odstanianie glebszych partii gleby wywoluje tez zmiane barwy
pozioméw powierzchniowych, co znajduje swoje odzwierciedlenie na zdjeciach lotniczych. Szcze-
gblnie narazone na przeksztalcenia erozyjne sa obszary rolnicze, w ktérych intensywna dziatalnos$¢

czlowieka prowadzi do wzmozenia naturalnych proceséw stokowych oraz przemieszczania mate-
riatu glebowego przez maszyny i narzedzia rolnicze, co nazywane jest denudacja antropogeniczna.
Obszar badan — gmina Chelmza (powiat torunski) lezy w obrebie wysoczyzny morenowej pagorko-
watej i plaskiej, zbudowanej z glin zwalowych ostatniego zlodowacenia. Intensywne uzytkowanie
rolnicze polaczone ze znacznymi deniwelacjami terenu spowodowalo oglowienie gleb ptowych,
ktére dominuja na analizowanym obszarze. Najwieksze przeksztalcenia mozna zaobserwowac¢ na
szczytach pagorkow wysoczyznowych, gdzie poziom orny analizowanych gleb wymieszany jest ze
skala macierzysta bogata w weglan wapnia. W celu wyznaczenia zasiegu gleb, ktére zawieraja we-
glan wapnia w poziomach ornych przeanalizowano ogélnodostepne ortofotomapy oraz materialty
kartograficzne w postaci map topograficznych i numerycznego modelu terenu. Na podstawie przy-
jetego klucza fotointerpretacyjnego wyznaczono ponad 700 konturéw gleb potencjalnie zasobnych
w caltym profilu w weglan wapnia, stanowiacych okoto 1% powierzchni analizowanego obszaru.
Przy ich wyznaczaniu wzieto pod uwage: 1) bardzo jasna barwe poziomdédw powierzchniowych,
2) wystepowanie w miejscach eksponowanych na erozje - na wierzchowinach pagdérkéw i w obrebie
wypuklych stokéw, 3) otoczenie pierscieniami silnie zerodowanych gleb plowych odznaczajacych
sie barwa ciemnobrazowa poziomoéw ornych i wskazujaca na odstoniecie poziomoéw argik. Badania
terenowe i laboratoryjne pozwolily na weryfikacje wyznaczonych zasiegéw gleb zerodowanych
zasobnych w weglan wapnia. Potwierdzilty one wysoka przydatnos$¢ ogélnodostepnych zdje¢ lotni-
czych, poniewaz 96% wyznaczonych na ich podstawie konturéw reprezentowalo gleby bardzo silnie
zerodowane (Apk-Ck) i zawieralo weglan wapnia w poziomach ornych. Srednia zawarto$¢ CaCOs
w poziomach ornych wyniosta 6,1%. Poziomy préchniczne nie spemiaty kryteriéw barwy i (lub)
zawarto$ci wegla organicznego wymaganego dla pozioméw mollik, a skaty macierzyste miaty zbyt
malg zawarto$¢ weglanu wapnia dla wydzielenia pozioméw kalcik. Wedtug Systematyki gleb Polski
7 2019 r. wiekszo$¢ analizowanych gleb mozna zaklasyfikowac jako regosole. W jednym przypadku
ze wzgledu na silne oglejenie, profil glebowy zaklasyfikowano jako glebe gruntowo-glejowa. Przeglad
archiwalnych materialéw dotyczacych gleb zerodowanych bogatych w weglan wapnia wskazuje tez
na mozliwo$¢ wystgpienia w grupie tych gleb czarnozieméw, czarnych ziem i gleb opadowo-glejowych
zawierajacych poziomy mollik i/lub kalcik.
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