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PROPERTIES AND CLASSIFICATION OF SOILS
DEVELOPED FROM AEOLIAN AND FLYSCH MATERIALS
IN THE WIELICZKA FOOTHILLS (SOUTHERN POLAND)

Abstract. The paper is focused on the properties of soils developed from relatively shallow loess
mantles overlying flysch weathered materials and the role of resulting lithological discontinuities within
parent material in shaping soil properties in the marginal area of the Carpathian Foothills. The studied soils
were located under mixed forest vegetation in varied geomorphologic context — on relatively flat hilltops
and on slopes with varying inclination. The performed analyses comprised the determination of soil texture,
also on clay-free basis, pH, content of organic carbon and carbonates as well as the determination of cation
exchange capacity and base saturation. The soils were described and classified following the WRB system.

Most of the studied soils show properties resulting from the process of lessivage, expressed in the
formation of clay coatings (cutans), changes in soil colour and structure, leading to the origin of fragic
horizons. The role of redoximorphic processes related to the high rainfall is also well visible, especially at
the boundary of E and Bt horizons and on the contact of loess and flysch regolith, along a lithological
discontinuity. The occurrence of lithological discontinuities is detected predominantly based on changes in
soil texture and particularly visible when the contents of sand and silt fractions are calculated on the clay-
free basis. This shows a marked homogeneity of loess in contrast with a great textural diversity of
weathered flysch. Apart from the main discontinuity between loess and weathered flysch, it is also possible
to discern textural discontinuities between flysch-derived slope materials (cover beds) and underlying,
weathered flysch (regolith) in situ, as well as within the weathered flysch itself. The slope materials (cover
beds) occurring under loess mantles and above flysch bedrock owe their genesis to slope processes,
predominantly solifluction in the Pleistocene. The existing lithological discontinuities influence also soil
physicochemical and chemical properties such as pH, content of carbonates, cation exchange capacity and
base saturation, so they have a significant ecological impact.

In the investigated area soil formation and, consequently, taxonomic position depends predominantly
on two factors — the thickness of loess material and the inclination of slope. With decreasing slope
inclination and increasing thickness of loess soils change from Stagnic Cambisols (Ruptic) through Haplic
Stagnosols (Ruptic) and Haplic Stagnosols (Ruptic, Episiltic) to Stagnic Albeluvisols (Ruptic), and where
soil profiles are developed entirely in loess materials — Stagnic Albeluvisols.
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CBOWCTBA U KITACCU®UKALMA NOYB,
PA3BMBAIOLLMXCA U3 30J10BbIX U ®ITULLEBLIX MATEPUATIOB
B POGORZE WIELICKIE (FOXKHASA MOJbLLA)

B cratbe Qoxycupyercss BHHMaHHE Ha CBOMCTBAaxX IIOYB, KOTOpbIe OBUIM pa3BHTHI H3
OTHOCHTEIBHO MEJIKHX JIECCOBBIX CJIOCB, IIEPEKPHIBAIOLIMX (NIHIIEBbIE PErONUTHI B KpaeBoil obiactu
noneckoro npearopesi Kapmat. MccnemoBaHHbIE MOYBBI MOKPHITHI MOJOTOM CMEIIAHHBIX JIECOB U
pacronararoTcsi B Pa3IMYHBIX TeOMOP(OIOTHIECKUX CHUTyanusx. IIpoBeJeHHBIH aHaIW3 BKIIOYAI
OIIPE/ICNICHNE TPAHYIOMETPHIECKOTO COCTaBa MOYBBI, PACUET TPAHYJIOMETPUH MOYB C UCKIIOYCHHEM
nnuctoit Gppaxnun, pH, coxepkaHus OpraHNYecKOro yriaeposia 1 KapOoHATOB, ONPEIENICHUS] eMKOCTH
KaTHOHHOTO 0OOMEHA M CTEIIeHH HACBHIIICHHOCTH OCHOBaHUSIMU.

[TouBbl OBUIM ONMCAaHBI W KJIACCU(QHIMPOBAHB B COOTBETCTBUM ¢ cucteMod WRB.
BonbIIMHCTBO HCCIIeyeMbIX MOYB ITOKA3bIBAlOT CBOMCTBA, KOTOPHIC SIBISIFOTCS PE3YJIbTaTOM
JeccHUBaXka, B TOM 4HMClIe M 00pa3oBaHus (PaUKUICHOBOrO TOPU30HTA, CO 3HAYUTEIBHOH
BBIP)KEHHOCTBIO OKUCIUTETbHO-BOCCTAHOBUTENBHBIX ITPOLIECCOB.

[NosBNEeHME JMTONOTHYECKUX Ppa3phIBOB OOHAPYXKEHO MPEHMYINECTBEHHO Ha OCHOBE
HM3MEHEHUH TPaHyJIOMETPHIECKOTO COCTaBa MOYBHL. 1IoOMHMO OCHOBHOTO pa3pbiBa MEXIY JIECOM U
BBIBETPHUBIIUMCS (MIMIIEM, BBIIESUINCH PA3phIBEI MEXTY CKJIOHOBBIM MaTepHalIoM (IIHIIEBOTO
MIPOUCXOX/CHUSI W TMOACTENAIOINM BBIBETPUBINMMCS (ummieM in situ, a TaKKe B COMOM
BBIBETpEHHOM (uuiie. JIuTonornueckue pasphiBbl BIMSAIOT HAa (PU3UKO-XMMHYECKHE M XUMUYCCKHE
CBOIiCTBa MOYBEI, B yacTHOCTH Ha pH, coxepxanue kapOOHAaTOB W €MKOCTh KaTHOHHOTO OOMeEHa,
CO3/1aBasi 3HAUUTENLHOE 3KOJIOTNYECKOE BO3EHCTBUE.

Ha wuccnenyemoit Tepputopun Mmo4BooOpa3oBaHME, a, CIEAOBATEIBHO, M CHCTEMAaTHYECKOE
MOJIOKEHHE TTOYB 3aBHCHUT MIPEHMYIIECTBEHHO OT ABYX XapaKTEPUCTHK — TOJIIWHBI JIECCOBBIX HOPOT
U KpyTH3HBI CKIOHA. C yMEHbIIEHHeM HAKIOHA U YBEIMIEHHEM TOJIIUHBI JIECCOBBIX TTOPOJ, ITOYBHI
m3mensrorest ot Stagnic Cambisols (Ruptic) uepe3 Haplic Stagnosols (Ruptic) u Haplic Stagnosols
(Ruptic, Episiltic), B Stagnic Albeluvisols (Ruptic), a B MecTax, r/ie MOYBEHHBIH POQHIb IOIHOCTHIO
pa3BUIICS Ha JIECCOBBIX MaTepuanax — Stagnic Albeluvisols.

Knrouesvie cnoea: npedeopve Kapnam, necc, gauw, numonocuueckue paspuléb,
Kknaccugpuxayus nous, WRB.
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BNACTUBOCTI | KTACUDIKALIA FPYHTIB,
O PO3BUBAIOTLCA 3 EOJTIOBUX | ®JTILLIOBUX MATEPIANIB
Y POGORZE WIELICKIE (MIBAEHHA MOJbLLA)

V crarti (OKyCyeTbCs yBara Ha BIACTUBOCTSX I'PYHTIB, IO PO3BHUHYJIUCH 3 BIHOCHO JIPiOHMX
JIECOBUX BEPCTB, SIKi MEPEKPUBAIOTH (DIIIIIOBI BUBITPEHI Marepiasi B KpaHoBili 00iacTi MOIbCHKOTO
nepenrip'st Kapnat. JlocmipkeHi rpyHTH BKPUTI HOJIOrOM MIIIAHKX JICIB Ta PO3TALLIOBYBAIUCS B PI3HUX
reomopdooriyanx cutyarisx. [IpoBeneHuii anani3 BKII0OYaB BU3HAYECHHS TPAHYJIOMETPHYHOTO CKIIALY
TPYHTY, PO3PaXxyHOK TPaHYJIOMETpii TPYHTY 3 BHUKIIOYEHHSM BMIcTy Myiy, pH, BMicTy opraHigHOro
kapOoHy 1 kapOOHATIB, BU3HAUCHHS €MHOCTI KaTiIOHHOTO OOMIHY Ta CTYINEHS HACHYCHOCTi OCHOBAMH.
I'pynTr Gymu onmcaHi i kiacudikoBaHi BinmoBigHo 3 cuctemoro WRB.

BinbpIicTh DOCTIPKYBAaHUX TPYHTIB ITOKa3ylOTh BIACTHBOCTI, SIKi € Pe3yJbTaTOM JICCHBAXKY, B
TOMY YHCII i YTBOPEHHS (paPKIIIEHOBOTO FOPU30HTY, 31 3HAYHUM BHPaXXCHHSM OKHCHO-BiJHOBHUX
npoteci. [TosiBa TITOJOrIYHUX PO3PHUBIB BHUSBICHA MEPEBAXKHO HA OCHOBI 3MiH IPaHyJIOMETPUYHOTO
CKJIaJly TPYHTY.
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KpiM OCHOBHOTrO pO3pHMBY MDXK JIECOM 1 BHBITpeHHM (IIIIIOM, BHIULSUTUCS PO3PUBH MIXK
CXUJIOBUM MaTepiasioM (uIiioBoro moxopxenus (cover beds) 1 migcTensirod4nM BUBITpEHUM (IIiIOM
in situ, a TAKOX B CaMUX PErojirax.

JliTonmorivHi po3pUBHU BIUIMBAIOTH 1 HA (Hi3MKO-XIMiUHI Ta XiMi4HI BIACTUBOCTI TPYHTY, 30KpeMa Ha
pH, BMicT KapOOHATIB 1 EMHICTH KaTIOHHOTO OOMiHY, TOMY BOHH MalOTh 3HAYHHI €KOJIOT1YHUI BILTHB.

Ha nocimpkyBaHiil TepuTopii, [PyHTOYTBOPEHHSI, & OTXKE 1 CHCTEMAaTHYHE IIOJIOKCHHS IPYHTIB
3aJICKHUTh HEPEBAXKHO BiJ JBOX XapaKTEPHCTHK — TOBLIMHU JIECOBUX IMOPIA i KPYyTH3HH CXmiy. 3i
3MEHIIICHHSAM HaxXMJIy i 30UTBIICHHSIM TOBIIMHHU JIGCOBUX IMOPiJa, TPYHTH 3MIHIOIOThCS Bin Stagnic
Cambisols (Ruptic) uepe3 Haplic Stagnosols (Ruptic) i Haplic Stagnosols (Ruptic, Episiltic), mo
Stagnic Albeluvisols (Ruptic), a B micisix e rpyHTOBHIT IPOQib MOBHICTIO PO3BHHYBCS Ha JIECOBHX
Mmarepianax — Stagnic Albeluvisols.

Knrouoei cnosa: nepeozip’s Kapnam, nec, ¢hniws, nimonoeiuni pospusu, knacugixayis epynmis, WRB.

INTRODUCTION

The Wieliczka Foothills (Pogorze Wielickie) is a part of the Carpathian Foothills, being
the northernmost geographical unit of the Carpathians in Poland. It is built of folded,
sedimentary, flysch rocks on most of the region’s area covered with carbonate-free loess
sediments of varying thickness. At the regional scale, the soil cover of the Carpathian
Foothills is fairly uniform, dominated by Luvisols and Albeluvisols (Skiba and Drewnik,
2003, Szymanski et al., 2012b). The Wieliczka Foothills is an area where intensive soil
research has been carried out for several decades, dealing with the mechanisms of the
lessivage process (Zasonski, 1981, 1983, 1989), soil geography and structure of soil cover
(Skiba, 1992, Skiba et al., 1998, 2002), and, most recently, on the formation and degradation
of fragipan horizons (Szymanski et al., 2011, 2012a). Most of the research has focused on the
soils developed from loess materials, although the influence of flysch bedrock in certain parts
of the Wieliczka Foothills was also indicated (Kacprzak et al., 2010).

The aim of this paper is to present the results of a study focused on the properties of
soils developed from relatively shallow loess mantles overlying flysch weathered materials
(regolith) and the role of resulting lithological discontinuities within parent material in
shaping soil properties. The importance of lithological discontinuities and soil layering has
been getting increasing recognition worldwide over recent years, as reviewed by Schaetzl
and Anderson (2005) or Phillips and Lorz (2008). Also their ecological role has been
emphasized (Lorz and Phillips, 2006). This phenomenon is particularly important in the
mountains, where most soils are formed in slope materials (cover beds). In the Carpathians
the role of lithologically discontinued slope materials in soil formation has been
investigated in the Bieszczady Mts (Kacprzak and Skiba, 2001, Kacprzak 2003) and in the
Pieniny Mts (Kacprzak and Derkowski, 2007). Another goal of this paper is to discuss the
classification of the studied soils according to the World Reference Base (WRB) system
(IUSS Working Group WRB, 2007), in which lithological discontinuities are recognized as
one of diagnostic properties.

DATA AND METHODS OF RESEARCH

The studied area is situated in the marginal zone of the Wieliczka Foothills, south-east
of the town of Bochnia. The elevation above sea level is between 200 and 350 m. The
characteristic elements of the landscape are broad, flat hilltops and interfluves, as well as
wide, flat-bottomed valleys. The altitude of hills increases to the south and so does the
inclination of slopes. Hilltops and slopes in the northern part are completely covered by
loess, whereas in the southern part outcrops of flysch rocks occur in the steepest slope
sections, exposed mainly due to the action of landsliding or fluvial erosion. The mean
annual temperature is 6 to 8 °C and the mean annual precipitation is 700-900 mm (Hess,
1965). Most of the area is under agricultural use with forests occurring solely on the
steepest slopes or valley sides and adjacent strips of hilltops.
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Soil profiles were described and classified using the WRB system (IUSS Working
Group WRB, 2007). Particle size distribution was determined using a modified Casagrande
method (Bednarek et al., 2004) and the relative contents of the sand and clay fractions were
also calculated on the clay-free basis. Soil pH was measured potentiometrically in distilled
water with a soil/solution ratio 1:1 and 0,01M CaCl, solution (1:2) (USDA NRCS, 2004).
Organic carbon content was measured using a modified Tyurin method (Bednarek et al.,
2004) and the content of carbonates was determined using the Scheibler volumetric method
(Bednarek et al., 2004). Soil exchangeable acidity was determined using the Sokolow
method and the sum of exchangeable bases using the Kappen method (Oleksynowa et al.,
1987) The colours of soil material were described using the Munsell scale. The content of
coarse fractions (> 2 mm) was evaluated in the field.

RESULTS AND THEIR DISCUSSION

The studied soils (Fig. 1) were all located under mixed forest vegetation (Tillio —
Carpinetum) in varied geomorphologic context — on relatively flat hilltops (profiles 1 and 4)
and on slopes with varying inclination (profiles 2, 3, 5). The important factor taken into
consideration was the varied thickness of loess cover (profiles 2-5).

o
N
i
i
|
|

-

A B C
Figure 1. Morphology of the studied soils:
A —profile 1; B — profile 3; C — profile 4; D — profile 5

Profile 1 is a soil developed entirely in loess material, representing a typical situation
for most of the area (Skiba et al., 1998, Szymanski et al., 2012b). The morphological
properties of the studied soils are presented in Table 1.

Except profile 5, all studied soils show properties resulting from the process of
lessivage i.e. clay illuviation, expressed in the formation of clay coatings (cutans), changes
in soil colour and structure, leading to the origin of fragic horizons with prismatic soil
structure (profiles 1 and 4). The role of redoximorphic processes related to the high rainfall
is also well visible, especially at the boundary of E and Bt horizons (profiles 1 and 4) and
on the contact of loess and flysch regolith (profiles 2 and 3). Soil horizons developed in
loess material are devoid of coarse fraction, whereas its content in horizons developed in
flysch regolith can be as high as more than 50 % (profile 3).

Particle size distribution in the studied soils (Table 2), particularly in the upper parts
of their profiles, is dominated by the silt fraction, constituting 40-79 % of fine earth in the
majority of horizons. Except profile 5, a marked increase in the content of clay can be
observed between Ah or E horizons (2-15 %) and Bt or B(t)g horizons (16-23 %), caused
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by the process of clay illuviation. There are, however, prominent differences in soil texture
resulting not from soil-forming processes but from the occurrence of lithological
discontinuities within soil material. The texture of the upper parts of profiles, developed in
loess material, is slit loam.

Table 2
Particle size distribution in the studied soils
Particle size distribution [diameter in mm] Clay-free
Depth w|lal| 88 & g Soil
Horizon| Z | = | S| & S| 8| F| oS | =8 .
[cm] - = . = 7 S| & | 29| 83 | texture | sand | silt
< — 3 o~ 8 = ) QA =
S\ = - =% = \Y =t =3 \
e S S ) S
Profile 1. Stagnic Cutanic Fragic Albeluvisol (Abruptic, Orthoeutric, Siltic)
0-3 Oe na. na na na na na na n.a. n.a. n.a. na. na.
3-8 Ah na. na na na na na na n.a. n.a. n.a. na. na.
8-35 E 9 12 45 23 5 6 21 73 6 SiL 22 78
35-55 Btx 5 13 40 17 3 22 18 60 22 SiL 23 77
55- Btg 5 15 40 19 3 18 20 62 18 SiL 24 76
105- BC1 3 18 46 17 2 14 21 65 14 SiL 24 76
125- BC2 5 14 49 17 1 14 19 67 14 SiL 22 78
Profile 2. Haplic Stagnosol (Ruptic, Epidystric)
0-3 Ah na. na na na na na na n.a. n.a. n.a na. na.

3-20 E 8 6 36 27 8 15 14 71 15 SiL 16 84
20-40 2B(t)g 31 6 11 21 8 23 37 40 23 L 48 52
40-55 2BC 28 6 18 19 6 23 34 43 23 L 4 56
55-60 3Cgl 11 0 35 22 8 24 11 65 24 SiL 14 86
10
1

60-95 3Cg2 11 121 27 20 21 59 20 SiL 26 74

95- 3Cg3 3 9 23 20 44 4 52 44 SiC 7 93
Profile 3. Haplic Stagnosol (Ruptic, Epidystric, Episiltic)
0-2 Oi na. na na na na na na n.a. n.a. n.a. na. na.
2-7 Oe na. na na na na na na n.a. n.a. n.a. na. na.
7-18 Ah 15 4 54 21 4 2 19 79 2 SiL 19 81
18-45 Eg 5 10 45 25 6 9 15 76 9 SiL 16 84
45-55  B(t)g 6 11 40 22 3 18 17 65 18 SiL 21 79
5565 2BC 29 10 25 15 4 17 39 44 17 L 47 53
6590 2Cgl 56 6 15 8 3 12 62 26 12 SL 70 30
90- 2Cg2 41 2 12 15 10 20 43 37 20 L 54 46
Profile 4. Stagnic Cutanic Fragic Albeluvisol (Abruptic, Ruptic, Alumic, Siltic)
0-3 Oe na. na na na na na na n.a. n.a. n.a. na. na.
3-12 Ag n.a. na. na na na na na. n.a. n.a. n.a. na. na.
12-38 Eg 9 4 42 30 7 8 13 79 8 SiL 14 86
38-50 Btx 7 5 43 24 5 16 12 72 16 SiL 14 86
50-75 Btg 5 7 44 21 4 19 12 69 19 SiL 15 85
75-90 BC 17 12 29 17 5 20 29 51 20 SiL 36 64
90- 2Cg 70 7 8 3 1 177 12 11 SL 87 13
Profile 5. Stagnic Cambisol (Endoeutric, Ruptic)
0-1 Oe na. na. na na na na na n.a. n.a. n.a. na. na
1-5 Ah na. na na na na na na n.a. n.a. n.a. na. na.
5-15 Bwg 38 12 23 13 3 11 50 39 11 SL 56 44
1535 2BC 64 12 10 5 3 6 76 18 6 SL 81 19
35- 2Cg 78 3 9 5 2 3 81 16 3 LS 84 16

The texture of deeper horizons is varied — in the lowermost horizons of soils
developed entirely in loess material it is silt loam (profile 1), but the texture of BC and C
horizons developed in flysch regolith ranges from loamy sand (profile 5), through sand
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loam (profile 4), loam (profile 3) to silty clay (profile 2), depending on the lithology of
bedrock. The occurrence of lithological discontinuities is particularly visible when the
contents of sand and silt fractions are calculated on the clay-free basis. This procedure
shows a marked homogeneity of loess (76—78 % silt in profile 1, 85-86 % silt in profile 4)
corresponding with the data given by Szymanski et al. (2011) and standing in contrast with
a great textural diversity of weathered flysch. Apart from the main discontinuity between
loess and flysch regolith (profiles 2—4), it is also possible to discern textural discontinuities
between flysch-derived slope materials and underlying weathered flysch in situ (profiles 2
and 5), as well as within the weathered flysch itself (profiles 2 and 3). The observed, large
textural diveristy of flysch-derived slope materials and weathered flysch material in situ has
two causes. Firstly, it is a result of the gravity-driven transportation of material from upper
parts of slope, predominantly by solifluction in the Pleistocene (Kacprzak et al., 2010).
Secondly, it results from the geological layering of flysch bedrock consisting of
interbedded sandstones, mudstones and shales. The occurrence of lithological
discontinuities was reflected in the application of arabic numerals (2, 3) in front of the
designations of horizons developed in material of varied origin (FAO, 2006).

In the studied soils organic carbon, apart form litter O horizons, is concentrated in
relatively thin (less than 10 cm thick) Ah horizons, where its content can exceed 5 %
(Table 3). Soil reaction in the most of horizons is acidic, with the values of pH in H,O
lower than 5,5, usually between 4,1-4,8. The content of organic carbon is higher and the
pH values lower than reported for the soils of the area (e.g. Szymanski et al. 2011, 2012b)
but this is a natural phenomenon when forest soils are compared with these under
agricultural use (Skiba et al., 1998). Markedly higher pH values are observed in C horizons
formed in weathered flysch bedrock (profile 3 and 5), where the occurrence of carbonates is
observed (Table 3). The rest of the investigated soil horizons is devoid of carbonates. The
determined cation exchangeable capacity (T) ranges from 2,40 to 45,90 cmol/kg
(Table 3). This significant variability is also a result of the occurrence of lithological
discontinuities — the smallest values were recorded in sandy layers of flysch regolith or
silty eluvial horizons, while the highest values are a characteristic of horizons developed in
clay-rich material originated due to weathering of flysch shales. The determined values of
base saturation in soils with lithological discontinuities do not exceed 50 % in horizons
developed in loess materials and cover beds, whereas in these formed in flysch regolith in
situ they are markedly higher, ranging from 55 to 100 % (Table 3). The differences in
cation exchange capacity and base saturation have an ecological impact. Although most
roots are observed in the upper soil horizons developed in acidic horizons developed in
loess mantle, tree roots reach to more euthrophic horizons formed in cover beds and
weathered flysch layers.

The studied soils were classified using the latest version of the WRB system (IUSS
Working Group 2007). Soils situated on flat hilltops covered with loess material (profiles 1
and 4) developed as Albeluvisols. The presence of thick (> 25 c¢cm) albic horizons, abundant
clay coatings (cutans) and fragic properties in the upper sections of Bt horizons allow to
classify them as Stagnic Cutanic Fragic Albeluvisols. As their profiles are typified by the
occurrence of abrupt textural change i.e. doubling of clay content at the boundary of E and
Bt horizons, the suffix Abruptic has to be used, and, because of the dominant texture of silt
loam, the suffix Siltic is also applicable. In the cases where the thickness of loess material
is smaller, as in profile 4, a lithological discontinuity between loess and flysch regolith is
observed, so the soils have to be classified with the suffix Ruptic.

Soils occupying slopes, where the thickness of loess material does not exceed 50 cm
and the B horizons do not meet the criteria for the argic horizon (profiles 2 and 3) have to
be classified as Haplic Stagnosols. They are typified by the presence of pale-coloured E
horizons, meeting the criteria for the albic horizon, and the occurrence of stagnic colour
pattern in most of the soil volume, being best expressed in B(t)g horizons on the contact of
loess material and flysch regolith. The redoximorphic features result from a periodic excess
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of water due to subsurficial throughflow parallel to the slope surface. This lateral flux of
water also accounts for the initial stage of the development of illuvial horizons, as colloids
are to a large extent transported not vertically but laterally, down the slope. As there is a
lithological discontinuity between the loess material and flysch regolith, the soils are
classified with the suffix Ruptic, and in the cases where the loess cover is thicker than 30
cm, the suffix Episiltic is applicable.

Table 3
Selected chemical properties of the studied soils
pH s | H [ Hy | HY

. equiv. T
]?Cerlilt]h ngrllz g%jé o | g |C€0s ) FOI/OA]l cmol®” [}/2]

o g [%] cmol*/kg kg

Profile 1. Stagnic Cutanic Fragic Albeluvisol (Abruptic, Orthoeutric, Siltic)

0-3 Oe n.a. n.a. na. na. n.a. na. na.  na. na. n.a. n.a.
3-8 Ah 4,25 4,1 3,7 0,00 na. na na na na. n.a. n.a.
8-35 E 0,68 47 40 000 00 40 0,1 3,8 095 4,00 0,0

35-55 Btx 0,19 53 43 000 86 1,5 01 14 83, 10,20 845

55- Btg 0,10 54 46 000 84 10 0,1 08 83, 9,50 88,9

105- BC1 0,10 53 46 000 66 08 01 07 80, 7,50 88,3

125- BC2 0,10 53 46 000 66 07 00 0,6 87, 7,30 90,4
Profile 2. Haplic Stagnosol (Ruptic, Epidystric)

0-3 Ah 623 38 35 000 26 84 07 7,7 91, 11,00 23,6

3-20 E 036 39 35 000 32 13, 43 87 66, 1630 19,6

20-40 2B 0,19 41 35 000 38 16, 84 85 50, 2080 183

40-55 2BC 0,15 46 40 000 64 73 1,2 6,1 83 13,80 46,5

55-60 3Cgl na. 45 40 000 78 63 1,0 52 83 14,10 553

60-95 3Cg2 na 45 40 000 10, 63 2,1 42 66, 17,10 63,2

95- 3Cg3 na. 44 41 000 16, 49 10 38 78, 21,70 774
Profile 3. Haplic Stagnosol (Ruptic, Epidystric, Episiltic)

0-2 (0)1 n.a. n.a. na. na. na. na. na na. na. n.a. n.a.
2-7 Oe¢ n.a. n.a. n.a. n.a. n.a. n.a. na. na. na. n.a. n.a.
7-18 Ah 407 3,5 3,1 0,00 04 12, 1,8 10, 85, 12,90 3,1

18-45 Eg 047 3,7 36 000 06 93 04 89 95 10,00 6,0

45-55  B(tg 022 42 39 000 51 83 03 79 95 1340 38,0

55-65 2BC  na. 68 6,7 105 21, 00 00 00 00 21,5 100,

65-90 2C1 na. 76 74 1,52 32, 00 00 00 00 3240 100,

90- 2C2  na. 80 75 294 45 00 00 00 00 4590 100,
Profile 4. Stagnic Cutanic Fragic Albeluvisol (Abruptic, Ruptic, Alumic, Siltic)

0-3 Oe¢ n.a. n.a. n.a. n.a. n.a. n.a. na. na. na. n.a. n.a.
3-12 Ag 0,53 na. na 000 na na na na na n.a. n.a.
12-38 Eg 0,17 43 39 0,00 3,6 16, 0,1 15, 98, 19,70 18,3
38-50 Btx 0,10 44 338 0,00 34 91 03 8,7 96, 12,50 27,2
50-75 Btg 0,06 44 38 0,00 0,8 12, 33 89 72, 13,10 6,1
75-90 BC 0,01 44 38 0,00 0,6 12, 42 84 66, 13,20 4,5
90- 2Cg na. 44 38 0,00 00 6,1 0,1 59 97, 6,10 0,0
Profile 5. Stagnic Cambisol (Endoeutric, Ruptic)

1 Oe¢ n.a. n.a. n.a. n.a. n.a. n.a. na. na. na. n.a. n.a.
-5 Ah 342 4,1 3,5 0,00 1,2 98 0,7 9,1 92, 11,00 10,9
5-15 Bwg 033 42 37 0,00 22 7.1 0,2 69 96, 9,40 23,5
15-35 2BC 0,19 48 4,1 0,00 1,7 25 00 24 96, 4,20 40,1
35- 2Cg 0,03 57 5,1 048 24 00 00 0,0 0,0 2,40 100,

On the steepest slopes soils developed predominantly in weathered flysch layers an
flysch-derived slope materials (cover beds) with only an admixture of loess material
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(profile 5), possibly resulting from slope transportation driven by gravity and movement of
water. The influence of water is visible in the stagnic colour pattern observed in their
profiles and they are classified as Stagnic Cambisols. As lithological discontinuities, based
on textural differences, occur between slope materials and in situ regolith, the suffix Ruptic
is applicable.

On the basis of the investigated soil profiles a general model of soil diversity in the
studied area of the Carpathian Foothills can be presented. Soil formation and, consequently,
taxonomic position depends predominantly on two characteristics — the thickness of loess
material and the inclination of slope. With a decreasing slope inclination and an increasing
thickness of loess soils change from Stagnic Cambisols (Ruptic) through Haplic Stagnosols
(Ruptic) and Haplic Stagnosols (Ruptic, Episiltic) to Stagnic Albeluvisols (Ruptic), and
where soil profiles are developed entirely in loess materials — Stagnic Albeluvisols.

CONCLUSIONS

In the investigated area of the Wieliczka Foothills morphology and properties of soils
are to a large degree controlled by the occurrence of lithological discontinuities between
loess mantles, slope deposits and in situ weathered flysch (regolith). The presence of
lithological discontinuities can be detected from significant textural changes and they
influence soil morphology, structure and chemical properties as well as throughflow of
water. The impact of discontinuities is particularly important in the case of soils occurring
on steep slopes, where the thickness of loess is smallest. Soils developed entirely in loess
material or where its thickness reaches 1 m are classified as Albeluvisols, whereas soils
occurring on slopes are classified as Stagnosols or Cambisols.

REFERENCES

Bednarek R. Badania  ekologiczno- Kacprzak A. Uziarnienie i sktad mineralny

gleboznawcze / R. Bednarek, H. Dziadowiec,
U. Pokojska, Z. Prusinkiewicz. — Warszawa :
PWN, 2005. — 344 p.

Bednarek, R., Dziadowiec, H., Pokojska, U.,
Prusinkiewicz, Z., 2005, , Ecological and
pedological research”, Warsaw, PWN, 344 p.

FAO. Guidelines for Soil Description, fourth
edition. — Rome : FAO, 2006. — 98 p.

Hess M. Pigtra klimatyczne w Polskich
Karpatach Zachodnich / M. Hess // Zesz. Nauk.
UJ : Prace Geogr. 1965 (11). — pp. 1-258.

Hess, M., 1965, “Altitudinal climatic zones in
the Polish Western Carpathians”, Zesz. Nauk.
UJ, Prace Geogr., 11, pp. 1-258.

IUSS Working Group WRB, 2007. World
Reference Base for Soil Resources 2006, first
update 2007. World Soil Resources Reports
103, Rome, FAO, 114 p.

Kacprzak A. Pokrywy stokowe jako utwory
macierzyste gleb Bieszczadow Zachodnich /
A. Kacprzak // Rocz. Glebozn. 2003 (54/3). —
pp- 97-110.

Kacprzak, A., 2003, “Slope covers as the soil
parent material in the western Bieszczady Mts”,
Soil Science Annual, 54/3, pp. 97-110.

Kacprzak, A., Derkowski, A., 2007,
“Cambisols developed from cover-beds in the
Pieniny Mts. (southern Poland) and their
mineral composition”, Catena, 71, pp. 292-297.

jako wskazniki genezy utworéw macierzystych
gleb w katenie stokowej Matej Rawki
(Bieszczady Zachodnie) / A. Kacprzak,
M. Skiba // Rocz. Bieszcz. 2001 (9). —pp. 169-181.

Kacprzak, A., Skiba, M., 2001, “Soil texture
and mineral composition as indicators of the
parent material genesis in the soil catena of
Mata Rawka (Western Bieszczady Mts.)”, Rocz.
Bieszcz., 9, pp. 169—181.

Kacprzak A. Nieciaglosci litologiczne w
katenie gleb Gory Zamkowej w Lanckoronie
(Pogorze Wielickie) / A. Kacprzak, M. Klimek,
P. Wojcik-Tabol, M. Zyta // Prace Geograf.
2010 (123). — pp. 83-98.

Kacprzak, A., Klimek, M., Wojcik-Tabol, P.,
Zyia M., 2010, , Lithological discontinuities in
the soil catena of Gora Zamkowa at
Lanckorona (Wieliczka Foothills, Southern
Poland)”, Prace Geograf. 123, pp. 83-98.

Lorz, C., Phillips, J. D., 2006, “Pedo-
ecological consequences of lithological discon-
tinuities in soils — examples from Central Europe”,
J. Plant Nutr. Soil Sci., 169, pp. 573-581.

Oleksynowa K. Przewodnik do ¢wiczen z
gleboznawstwa 1 geologii. Czg§¢ 2 -
laboratoryjne analizy gleby / K. Oleksynowa,
J. Tokaj, J. Jakubiec. — Krakéw, 1987. — 134 p.

Oleksynowa, K., Tokaj, J., Jakubiec, J.,
Oleksynowa, K., 1987, “Manual for classes in

ISSN 1684-9094. Gruntoznavstvo. 2013. Vol. 14, no. 3—4 61



soil science and geology. Part 2 — laboratory
methods of soil analysis”, Cracow, 134 p.

Phillips, J. D., Lorz, C., 2008, “Origins and
implications of soil layering”, Earth-Science
Reviews, 89, p. 144-155.

Schaetzl, R., Anderson, S., 2005, “Soils:
Genesis and Geomorphology”, Cambridge,
Cambridge University Press, 817 p.

Skiba S. Gleby zlewni Starej Rzeki na
Pogorzu Wielickim / S. Skiba // Zesz. Nauk. UJ,
Prace Geograf. 1992 (88). — pp. 39-47.

Skiba, S., 1992, , Soils of the Stara Rzeka
catchment in the Wieliczka Foothills”, Zesz.
Nauk. UJ, Prace Geograf., 88, pp. 39—47.

Skiba S. Mapa gleb obszaru Karpat w
granicach Polski / S. Skiba, M. Drewnik // Rocz.
Bieszcz. 2003 (11). — pp. 15-20.

Skiba, S., Drewnik, M., 2003, “Soil map of the
Carpathian area in Poland”, Rocz. Bieszcz., 11,
pp- 15-20.

Skiba, S., Drewnik, M., Klimek, M.,
Szmuc, R., 1998, “Soil cover in the marginal
zone of the Carpathian Foothills between the
Raba and Uszwica Rivers”, Prace Geogr. Inst.
Geogr. UJ, 103, pp. 125-135.

Skiba, S., Drewnik, M., Klimek, M.,
Szmuc, R., 2002, “The soil cover in Gaik-
Brzezowa (Wieliczka Foothills)”, Prace Geogr.
IGiGP UJ, 109, pp. 21-30.

Szymanski, W., Skiba, M., Skiba, S., 2011,
“Fragipan horizon degradation and bleached
tongues formation in Albeluvisols on the
Carpathian Foothils, Poland”, Geoderma, 167—
168, pp. 340-350.

Szymanski, W., Skiba, M., Skiba, S., 2012a,
“Origin of reversible cementation and brittneless
of the fragipan in Albeluvisols of the Carpathian
Foothills, Poland”, Catena, 99, pp. 66-74.

Cmamms naditiwna 6 pedaxyiro: 10.09.2013

Szymanski, W. Gleby plowe (Albeluvisols)
Pogorza i Przedgorza Karpackiego z obszaru
Polski i Ukrainy / W. Szymanski, S. Skiba,
W. Nikorych, S. Polchyna // Rocz. Bieszcz.
2012b (20). — pp. 266-278.

Szymanski, W., Skiba, S., Nikorych, W.,
Polchyna, S., 2012b, “Luvisols of the
Carpathian Foothills and the Precarpathians in
Poland and the Ukraine”, Rocz. Bieszcz., 20,
pp- 266-278.

USDA NRCS, 2004. Soil Survey Laboratory
Methods Manual, Version No. 4.0 / Soil Survey
Investigations Report No. 42, 700 p.

Zasonski S. Gtéowne kierunki glebotworcze
na utworach pylowych Pogoérza Wielickiego.
Cz. I. Ogdlna charakterystyka gleb i niektore
wilasciwosci chemiczne / S. Zasonski // Rocz.
Glebozn. 1981 (32/2). — p. 115-143.

Zasonski, S., 1981, “Main pedogenetic
directions on silty sediments of the Wieliczka
Foothills. Part 1. General soil characteristics
and selected chemical properties”, Soil Science
Annual, 32/2, pp. 115-143.

Zasonski S. Gtéowne kierunki glebotworcze
na utworach pylowych Pogdrza Wielickiego.
Cz. II. Wiasciwosci mikromorfologiczne /
S. Zasonski // Rocz. Glebozn. 1983 (34/4). —
pp. 123-161.

Zasonski, S., 1983, ,Main pedogenetic
directions on silty sediments of the Wieliczka
Foothills. Part 2. Micromorphological pro-
perties”, Soil Science Annual, 34/4, pp. 123-161.

Zasonski S. Wplyw rzezby terenu na
morfologi¢ gleb pylowych Pogdrza Wielickiego
/ S. Zasonski // Rocz. Glebozn. 1989 (40). —
pp. 43-58.

Zasonski, S., 1989, “Influence of relief on the
morphology of silty soils in the Wieliczka
Foothills”, Soil Science Annual, 40, pp. 43-58.

Pexomendye do opyky: o-p c.-e. nayk, npo@. /1. I'. Tuxonenro

62 ISSN 1684-9094. Gruntoznavstvo. 2013. Vol. 14, no. 3—4



