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Abstract

Alluvial soils constitute a group of soils that is very diverse in terms of their genesis and what is the 
effect of it – most of properties, e.g. organic carbon content, features connected with ground or stag-
nating water, development of B horizons or texture. It is also refl ected in their systematic position. 
Currently, the Polish Soil Classifi cation (PSC, 2019) distinguishes as many as 3 types of soils devel-
oped from fl uvic materials: ordinary, chernozemic and brown alluvial soils. Some of soils with allu-
vial sediments strongly infl uenced by water but without diagnostic horizons can be also classifi ed as 
gleysols or stagnosols. The aim of the article was to check the criteria and to verify completeness of 
units in the rank of types and subtypes for distinguishing alluvial soils in latest version of Polish Soil 
Classifi cation (PSC, 2019). The study was carried out in area covered by Vistulian glaciation in North-
ern Poland. 87 profi les to the maximum depth of 210 cm were studied. 18 pedons belong to cher-
nozemic alluvial soils, the most common type (48) was classifi ed as brown alluvial soils, ordinary 
alluvial soils occurred 11 times. Moreover, 7 pedons with fl uvic material were classifi ed as gleysols. 
Other 3 soils represented organic and colluvial soils. Based on the conducted research some changes 
in Polish Soil Classifi cation have been proposed. They are regarding the minimum thickness of fl u-
vic materials for classifying alluvial soils, the revision of the humus subtype, the introduction of the 
type of gleyzemic alluvial soils in gleyzemic order or subtype of alluvial soils in type of gleysols and 
subtype of waterlogged soils in chernozemic alluvial soil type. The article also addresses important 
issues of the origin and classifi cation of B horizons in the studied soils, and confi rmed signifi cant 
usefulness of soil-agricultural maps in determining the places of occurrence of alluvial soils.
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1. Introduction

Alluvial soils are an crucial element in river, lake and coast-
al-related ecosystems. Due to their specific genesis, they can oc-
cur in all climatic zones of the world (Driessen et al., 2001). De-
spite some common features (e.g. stratification of the material, 
the influence of groundwater), the high differentiation of the 
pedogenic properties of these soils makes them a very diverse 
group (e.g. Holmes and Hearn, 1942; Sheremet, 2006; Schaetzl 
and Anderson, 2005). Nevertheless, these soils are still often 
treated by many researchers as homogenous cluster in which 
lithogenesis plays a major role. Such a lithogenetic approach, 
which is treating alluvial soils as a one unit without taking into 
account pedogenic transformations, can be found in many publi-
cations on various study aspects, e.g.: clay minerals (Cieśla et al., 
1988), water retention (Hewelke et al., 2018), soil contamination 
(Cappuyns and Swennen, 2007), anthropogenic changes (Kanno 
et al., 1965), identification of geotechnical parameters (Yilmaz 
and Karacan, 1997; Młynarek et al., 2012). One of the reasons for 
this is because in many older versions of classification systems 
– including international ones – most of the pedons developed 

from alluvial materials were put to the one main unit. For ex-
ample, according to the WRB (IUSS Working Group WRB, 2007), 
majority of alluvial soils were classified only as Fluvisols. This 
Reference Group was located on the beginning of classification 
key. Pedogenesis of these soils were expressed on lower rank 
units by qualifiers. In the third version (IUSS Working Group 
WRB, 2015) of this classification system more emphasis was 
placed on the pedogenesis of alluvial soils. Pedons developed 
from such deposits are represented by 24 out of 32 Reference 
Soil Groups. The presence of alluvial material is expressed by us-
ing the fluvic qualifier on lower rank units (e.g. Cipriano-Silva et 
al., 2020; Kawałko et al., 2021). Fluvisols Reference Group was 
placed on the end of the classification key and refers to young al-
luvial soils weakly changed by pedogenesis only. Also in Soil Tax-
onomy these soils are often linked by researchers automatically 
with suborder of Entisols – Fluvents, that consists of very young 
sediments (Soil Survey Staff USDA, Soil Taxonomy, 1999). Mean-
while, soils with alluvial material are also represented by many 
subgroups of other orders (e.g. Iqbal et. al., 2005; Hikmatullah 
and Al-Jabri, 2007). The classification of alluvial soils is of great 
importance for environmental research and may shape the 
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awareness of the diversity of processes taking place in such soils. 
The international literature shows a gradual increase in the em-
phasis on pedogenetic processes taking place in alluvial deposits.

Research on alluvial soils was carried out in Poland by 
many authors in various regions of the country (e.g. Laskowski, 
1986; Cieśla et al., 1988; Banaszuk, 1987; Chojnicki, 2001, 2002; 
Paluszek, 2004; Kabała et al., 2011; Michalski, 2013; Mendyk et 
al., 2015; Kobierski and Banach-Szott, 2022) from the spring areas 
(Jonczak, 2015) up to the estuary areas under the influence of the 
Baltic Sea (Hulisz et al., 2015). They generally concern studies on 
soils developed from fluvial sediments (e.g. Dąbkowska-Naskręt, 
1994; Niedźwiecki et al., 2010a; Łabaz and Kabała, 2016) but also 
in some cases lacustrine fluvic material was under investigations 
(Łachacz and Nitkiewicz, 2021). The complexity and heterogene-
ity of soil-forming processes in alluvial deposits was described 
already in the 1950s by Strzemski (1955). Great importance to 
the pedogenic differentiation of alluvial soils was reflected from 
the very first editions of the Polish Soil Classification. Despite the 
fact that these soils constitute only about 4% of the country’s area 
(Bednarek and Prusinkiewicz, 1997; Sykuła et al., 2019), out of the 
11 distinguished types in second edition of PSC (1959), as many as 
4 concerned soils of “contemporary river terraces”. These dispro-
portions result from the fact that the first editions of PSC put a lot 
of emphasis on soils of high agricultural value, and alluvial soils 
are one of the most fertile soils in Poland. In next two editions of 
PSC (1974, 1989) alluvial soils were divided into only two types 
(river and marsh alluvial soils) with four subtypes. In the 2011 
version, the division into 3 types with a total of 5 subtypes has al-
ready been introduced. In the latest version of the Polish Soil Clas-
sification (PSC, 2019), soils developed from fluvial or lacustrine 
deposits are still (like in previous edition from 2011) present on 
main taxonomic level by three types: (I) chernozemic, (II) brown 
and (III) ordinary alluvial soils. Their considerable differentiation 
was highlighted by introducing as much as 14 subtypes in total. 
Moreover, in the latest version of the PSC (2019), a taxonomical 
key has been introduced for the first time, which will significantly 
change the rules for soil classification (Kabała et al., 2019).

Therefore, the aim of the article was to evaluate the sixth 
edition of the PSC (2019), especially in terms of:
– checking the criteria for distinguishing individual features 

related to litho- and pedogenesis in soils developed from al-
luvial materials;

– verification of completeness of alluvial units in the rank of 
types and subtypes;

– proposing the correction of the current and introduction of 
new systematic units for the described soils. 
It based on a set of broad spectrum of soil profiles located 

in flooded areas of selected rivers of South Baltic Lakelands in 
Northern Poland.

2. Study area and methods

The study was carried out in area covered by Vistulian 
glaciation in Northern Poland. The investigated area is located 
within the range of Pomeranian phase (16–17 kyr BP) of the 
Weichselian glaciation (Niewiarowski, 1959, 1986; Niewiarowski 
and Wysota, 1986; Marks, 2012). 

The area is located in the zone of moist and cool temperate 
climate (IPCC, 2006). According to Köppen−Geiger Climate Clas-
sification, the region is located in the fully humid zone with tem-
perate and warm summer (Kottek et al., 2006). Average annual air 
temperature (based on data obtained in the central part of stud-
ied area at the Koniczynka meteorological station, Chełmno Lake 
District from period 1994 – 2019) is 8.7°C (Kejna et al., 2020). The 
warmest month is July with average air temperature of 19.1°C, 
and the coldest month is January with average air temperature 
of –1.6°C. The average annual precipitation is about 550 mm with 
the majority of precipitation occurring in summer.

87 profiles mostly to the depth of 150 cm (maximum depth 
of 210 cm) were studied. All profiles were located in floodplains 
within four mesoregions (Fig. 1; Kondracki, 2009; Solon et al., 
2018): Toruń Basin, Fordon Valley (76 and 2 profiles respectively 
– Vistula River floodplain in both mesoregions), Nieszawa Gap 
of the Vistula River (4 profiles – Złowiączka River floodplain) 
and Drwęca Valley (5 profiles – Drwęca River valley). Investi-
gated floodplains were filled with Holocene alluvial deposits. 
In the case of the soils located within Toruń Basin, these were 
mainly sandy and silty flood sediments typical for Vistula Valley 
(Kordowski et al., 2014). Contemporary river overflows are rare 
– once in a few / several years, which results from the hydrotech-
nical regulation at the end of XIX-th century. It led also to a signif-
icant lowering of the groundwater table at the bottom of the val-
ley. The Zgłowiączka and Drwęca valleys are definitely smaller 
geomorphological forms, with significant share of organic soils 
in their bottoms and relatively high ground water table (Andrze-
jewski, 1984) and long periods of spring floods (Kalinowski et al., 
2011). On the soil-agricultural maps all profiles were designated 
by symbol “F” – as alluvial soils (Świtoniak et al., 2019) . Most 
of studied soils (49) were used as arable lands. In 27 cases soils 
were covered with meadows/pastures and 9 pedons were located 
within small contours of riparian forests/bushes. 

All profiles were described in stage of field works. From 20 
profiles disturbed soil samples were taken from every genetic 
soil horizons. 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; 
CaCO3 content – volumetric Scheibler method; particle-size dis-
tribution — by sieve and sedimentary areometric method; pH of 
soil-to-solution ratio of 1:2.5 using 1 M KCl and distilled H2O as 
the suspension medium. Color has been described according to 
Munsell Soil Color Charts (2000). 

Presenting location of studied soil profiles (Figure 1) was cre-
ated in ArcMap 10.8 on the basis of BDOT10k database (source: 
https://mapy.geoportal.gov.pl). The systematic position and sym-
bols/names of diagnostic horizons were given after the sixth edi-
tion of the Polish Soil Classification (PSC, 2019) and WRB (IUSS 
Working Group WRB, 2015). English-language names of soil units 
(PSC, 2019) were given as proposed by Kabała et al. (2019).

3. Results

Among all 87 profiles 19 had mollik horizons (Figure 2. PSC, 
2019). One of them was classified as chernozemic colluvial soil, 
18 pedons belong to chernozemic alluvial soils (mostly Fluvic 
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Fig. 1. Location of soil profiles

Fig. 2. Main features and systematic position of investigation soils
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Phaeozems in WRB). Within this type only three represented 
typical subtype. In 12 pedons gleyic subtype was noticed. In sev-
en profiles kambik (5) and siderik (2) diagnostic horizons (Bru-
nic qualifier in WRB) were also present (subtypes of brown and 
rusty chernozemic alluvial soils respectively). 

The most common type was that classified as brown allu-
vial soils (Fluvic Cambisols or Fluvic Brunic Arenosols in WRB) 
– 48 cases. Most of them had loamy or silty texture in B horizons 
(kambik) but in 8 soils also sandy Bv (siderik) horizons were no-
ticed (subtype – rusty alluvial soils). 45 of brown alluvial soils 
were classified also as humic and about 50% was also put to 
gleyic subtype. 

Ordinary alluvial soils (Fluvisols in WRB) occurred 11 times. 
Shallow gleyic properties with lack of other diagnostic horizons 
or properties allowed to classify 7 pedons with fluvic material 
only as gleysols (Gleysols in WRB). Two profiles represented or-
ganic soils (Histosols in WRB).

4. Discussion

4.1. Fluvic material

The most important feature taken into account in distin-
guishing alluvial soils is the presence of fluvic material. Accord-
ing to PSC (2019) such stratified fluvial, lacustrine or marine 
deposits have to appear in soils classified as alluvial types 
(chernozemic, brown or ordinary) somewhere in the depth be-
tween 0 and 150 cm from the soil surface. In the case of the 
studied soils, only in two profiles (despite their location within 

the contours marked as F on the soil-agricultural maps), such 
sediments were not recorded at the soil surface and in upper 
part of pedons. In one place, only thick organic material was 
noticed, in the other – the soil was developed of slope materials 
(colluvium) of thickness more than 50 cm, covering the alluvial 
deposits.

In the remaining 85 soils, alluvial material was present 
in at least part of the profile. One of these profiles was classi-
fied within the order of organic type (Histosol in WRB) because 
the fluvic mineral material with thickness of 30 cm was cover-
ing thick murszik horizon. Other 84 profiles belongs to mineral 
alluvial units – chernozemic, brown or ordinary alluvial soils 
(Fluvic Phaeozems, Fluvic Cambisols or Arenosols and Fluvisols 
respectively in WRB) or gleysols.

The minimal thickness of alluvial deposits is not defined in 
PSC (2019) as it is in WRB (2015) where minimum 25 cm is re-
quired. It seems appropriate to introduce such a requirement 
in PSC – it would facilitate the correlation with the Fluvic and 
Fluvisol qualifications in WRB (2015). Nevertheless, in studied 
soils the minimal thickness of alluvial deposits were 30 cm 
(Fig. 3). The average thickness of the fluvic material is difficult 
to determine. In as many as 40 soils, the lower limit of these 
sediments exceeded 140 cm and was not reached mainly due 
to groundwater. In the soils where the lower boundary of flu-
vic material was found, the thickness was slightly over 70 cm. 
In most cases they covered the fluvioglacial sandy sediments. 
Mostly there were no problems with recognition of fluvic mate-
rial. Clear stratification combined with high vertical variabil-
ity of organic matter content (Figure 4, Table 1) allowed for 
easy identification of fluvic material at the stage of field work 

Fig. 3. Thickness of fluvic material
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– especially in soil with deep fluvial sediments not significantly 
transformed by human activity (e.g. profiles Czarnowo 10 and 
11, DM 8 – Figure 4, Table 1). In 11 cases, determining whether 
the material has a fluvial or lacustrine origin was quite prob-
lematic due to the homogenization of this material by agrotech-
nical treatments. It mainly concerns thin (up to 60 cm) alluvial 
material, where it was mixed to its lower boundary by plow-
ing or deep subsoiling (Figures 3 and 4 – e.g. profiles GS 11, 
GS 21 with alluvium thickness of about 40 cm). The problem 
of agrotechnical homogenization of alluvial material was also 
described in the Barycz Valley (Łabaz and Kabała, 2016). Iden-
tification of fluvic material in such cases was carried out on 
the basis of relatively high humus content and its texture – sig-
nificant amount of silt or clay fractions (Table 1). The abun-
dance of these fine fractions in mineral material could only be 
result from fluvial or lacustrine processes. Within investigated 
Holocene floodplains, apart alluvial deposits, mostly Late Pleis-
tocene fluvioglacial sands can appear. They are also strongly 
layered but are characterized by the lack of fine fractions (silt 
and clay) and humus (Weckwerth et al., 2011). Some authors 
(e.g. Banaszuk, 1987) include such sandy, layered sands from 
the Late Pleistocene as alluvial materials, however, according 
to the PSC (2019), fluvic material is a Holocene sediment. In 
cases of strong anthropogenic homogenization of alluvial ma-
terial, its recognition may be made only on the basis of expert 
knowledge, however, taking into account that this problem af-
fects over 10% of the studied soils – it is very important from 
a cartographic point of view. According to the official rules in 
PSC and WRB – such soils should be classified as non-alluvial 
units. In studied cases if these alluvial material would be not 
treaded as fluvic, the soils would be put into brown soils (WRB 
– Cambisols) – 4 profiles; black earths (Gleyic Phaeozems) – 6 
profiles; arenosol – 1 profile. 

The strongest layering, with its high visibility from shal-
low depths, was found in soils with shallow gleyic properties 
and lack of other diagnostic horizons or properties. These pe-
dons, which accounted for as much as 8% of all cases studied, 
were referred to gleysols (Fig. 2). Such approach, with a strong 
emphasis on the role of groundwater, seems to be appropriate 
from the utility point of view. However, in this type of soils in 
PSC (2019) there is no possibility to distinguish the subtype of 
alluvial soils. In the WRB system (IUSS Working Group WRB, 
2015), the importance of the alluvial genesis of gleysols was no-
ticed – this feature is expressed by principal qualifier. In PSC 
(2019) the alluvial lithogenesis of pedons may appear in name 
of soil only at the genus level which is very low in taxonomy 
structure. 

4.2. Surface humus horizons

Well-formed humus horizons are quite a common feature 
of alluvial soils (Pranagal and Ligęza, 2011; Głąb and Gondek, 
2013; Łabaz and Kabała, 2016; Rennert et al., 2021). The high 
thickness of humus horizons and a significant content of or-
ganic carbon are very often the result of the redeposition 
processes of pedogenic material (Strzemski, 1955; Faust et al., 
2000; Mayer et al., 2019; Jonczak et al., 2022). In 18 profiles of 
alluvial soils, the well-formed humus horizons meet the diag-
nostic criteria of mollik. These pedons were classified as cher-
nozemic alluvial soils (mostly Gleyic Phaeozems and Gleyic 
Chernozems in WRB). The remaining surface humus horizons 
(66 cases) mainly did not meet the color criterion (they were 
too light). Only in a 13 soils the thickness criterion for mollik 
(30 cm) was not achieved. The relatively large thickness of the 
humus horizons (almost 40 cm!) of the studied soils results 
from several factors – their allochthonous nature, formation in 

Fig. 4. Examples of investigated alluvial soils
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Table 1
Basic properties of selected soils

Horizon Sampling 
depth [cm]

Corg Nt C/N CaCO3 
[%]

pH Colour* Textural class

[%] H2O 1M KCl dry moist PTG 
2008

USDA

GS 21 – Humic rusty alluvial soil

Ap 0–40 0.65 – – – 7.0 6.5 10YR 6/2 10YR 4/2 pg SL

Cgg (Bv, g?) 40–70 – – – – – – 2.5Y 7/2 / 10YR 5/8 2.5Y 6/2 / 7.5YR 5/8 pl S

Cgg (Bv?) 70–100 – – – – – – 10YR 5/8 7.5YR 5/8 pl S

G 100–(150) – – – – – – 2.5Y 7/2 2.5Y 6/2 pl S

GS 11 – Rusty chernozemic alluvial soil

Ap 0–40 1.20 – – – 8.0 7.5 10YR 5/3 10YR 3/3 pyz SiL

Bv? (gg?) 40–90 – – 10YR 5/8 7.5YR 5/8 pl S

C 90–(150) – – 10YR 7/4 10YR 7/6 pl S

Czarnowo 10 – Humic brown alluvial soil

A1 0–20 3.55 0.304 12 4.4 7.5 7.1 10YR 5/2 10YR 3/2 pyi SiL

A2 20–40 1.37 0.123 11 3.6 8.0 7.4 10YR 6/3 10YR 3/3 pyi SiL

A/B 40–60 1.16 0.106 11 3.2 8.1 7.4 10YR 6/3 10YR 3/3 pyi SiL

Bw 60–82 0.76 0.069 11 2.4 8.1 7.4 10 YR 6/2 10YR 4/3 pyi SiL

C1 82–87 0.11 0.010 11 0.4 8.4 8.0 2,5Y 6/4 2,5Y 4/4 psśr MS

C2 87–95 0.73 0.067 11 2.5 8.2 7.5 2,5Y 5/3 2,5Y 3/3 pyi SiL

C3 95–105 – – 0.2 8.2 7.8 2,5Y 7/4 2,5Y 5/4 plśr MS

C4 105–122 0.17 0.014 12 0.5 8.2 7.8 2,5Y 6/3 2,5Y 4/3 psdr FS

C5 103–130 – – 0.2 7.7 7.4 10YR 7/4 10YR 6/3 plśr MS

C6 130–(150) – – 0.3 7.9 7.3 10YR 7/4 10YR 5/4 pldr FS

Czarnowo 11 – Humic brown alluvial soil

Ap 0–40 1.81 0.159 11 2.7 7.9 7.2 2,5Y 5/2 2,5Y 3/2 pyi SiL

AB 40–80 0.89 0.088 10 2.5 8.2 7.4 2,5Y 5/3 2,5Y 3/3 pyi SiL

Bw1 80–112 0.64 0.065 10 2.6 8.2 7.4 2,5Y 6/3 2,5Y 4/3 pyi SiL

Bw2(g) 112–132 0.60 0.065 9 2.8 8.2 7.5 2,5Y 6/3 2,5Y 4/3 pyi SiL

C 132–(150) – – 0.2 7.3 7.2 10YR 7/3 10YR 6/4 plśr MS

DM 8 – Typical gleysol

A 0–10 1.12 0.113 10 0.1 6.8 6.0 10YR 3/1 10YR 2/1 ps S

Cgg1 10–20 0.23 0.024 10 0.1 7.2 6.5 2.5YR 7/1 2.5YR 6/1 ps S

Cgg2 20–30 – – – 0.2 7.3 6.6 2.5YR 6/1 2.5YR 6/2 ps S

Acgg 30–45 – – – 1.0 7.2 6.4 2.5YR 5/1 2.5YR 4/1 pg LS

Cgg3 45–90 – – – 0.1 7.5 6.8 2.5YR 6/1 2.5YR 5/1 pg LS

Cgg4 90–100 – – – 0.1 7.5 6.7 2.5YR 5/1 2.5YR 4/1 pg LS

Cgg5 100–110 – – – 0.3 7.7 7.2 2.5YR 6/1 2.5YR 5/1 pg LS

Cgg6 110–120 – – – 0.1 7.2 6.8 2.5YR 5/1 2.5YR 4/1 pl S

Cgg7 120–135 – – – 0.2 7.4 7.0 2.5YR 6/1 2.5YR 5/1 pl S

G 135–(150) – – – 2.2 8.0 7.4 GLEY2 6/10G GLEY6/2 5/10G pl S

* the colour of the soil matrix
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moist conditions with shallow groundwater and (where their 
natural thickness could have been small) from agrotechnical 
treatments. The formation of highly structural and deep hu-
mus horizons as a result of the agricultural use of alluvial soils 
has also been described in other regions of Poland – e.g. within 
Dobra River Valley in the Silesian Lowland (Kabała et al., 2011). 
The anthropogenic deepening is particularly important in the 
case of intensively used agricultural brown alluvial soils, 
where only in 5 cases the thickness of the A surface horizons 
was slightly below 30 cm. Artificial deepening of humus ho-
rizons resulted in the fact that the vast majority of brown al-
luvial soils and nearly half of ordinary alluvial soils met the 
criterion of the humic subtype. In author’s opinion the criteria 
for this are not restrictive enough. In many investigated cases 
weakly developed Ap horizons were only deepened by plowing 
and only due to this had to be classified as a humic subtype 
(e.g. profile GS 21 – Table 1, Fig. 4). The authors propose to raise 
the criteria to analogous with Humic qualifier criterion in WRB 
(2015) – up to the average OC content ≥ 1% in the thickness from 
0 to 50 cm (like it is e.g. in profiles Czarnowo 10 and Czarnowo 
11 – Table 1, Fig. 4). Summarizing, after this changes, the crite-
ria for distinguishing the humic subtype would be as follows: 
“having surface humus horizon with ≥ 1% soil organic carbon 
in the fine earth fraction as a weighted average to a depth of 
50 cm from the mineral soil surface or a humus horizon with 
a thickness of ≥ 20 cm meeting the mollik / umbrik criteria, 
except for the thickness criterion”.

Gleyic properties
Gleyic properties were found in as many as 71 soil profiles 

(82%) up to a depth of 200 cm. It is obvious that alluvial soils 
are developed in an environment where groundwater is quite 
shallow. However, the mean depth of the upper boundary of 
gleyic properties in studied soils appears to be relatively deep 
in all 3 alluvial types. They were 96, 106 and 134 cm in Cherno-
zemic, Brown and Ordinary alluvial soils, respectively (Fig. 5). 
In 16 profiles (18%) some few oxymorphic colours and con-
centrations were visible but diagnostic gleyic properties were 
not noticed to the depth of 200 cm. Such deep or even lack of 
gleyic properties is due to strong drainage works carried out 
in the studied area as early as the 19th century (Sulimierski 

Fig. 5. Average depth to gleyic properties

et al., 1880; Makowski 1998). Within the alluvial plain of the 
lower Vistula, the groundwater table declined by an average 
of about 1,3–1,5 m since the mid-19th century (Babiński, 2005). 
In many pedons distinct relict gleyic features (mainly iron or 
iron-manganese concentrations) were visible. Accumulation of 
several different iron forms in the oxidation-reduction horizon 
in which the active gley soil-forming process occurs was de-
scribed by many authors (e.g. Chojnicki 2001; Kalembasa et al., 
2001). The high concentration of iron in most of alluvial soils 
is certainly due to the influence of groundwater. Nevertheless, 
in many of investigated profiles concentrations of iron were 
formed in the period before the regulation of the river bed and 
melioration (drainage) of the alluvial plains. Currently, many 
of studied soils are not actively influenced by groundwater. 
However, such relict accumulations of iron and manganese 
are very similar to active gleyic features. They slightly differ 
from them because occur not mainly around the root canals 
and on surfaces or shallowly below the surface of aggregates, 
but can be found in various positions independent of the cur-
rent shapes and surfaces of the aggregates. Moreover, relict 
gleyic concretions are mostly surrounded by mineral matrix 
which brownish/rusty colour indicates biochemical weather-
ing in well-aerated conditions. It led to the formation of kam-
bik or siderik (Bw/Bv) horizons in places (depths) where origi-
nally strong gleyic conditions prevailed (Kawałko et al., 2021). 
Domination of residual, fixed in silicate structures fractions 
of iron in alluvial soils from the River Vistula valley was also 
noticed by Dąbkowska-Naskręt (2000) which may be evidence 
of post-sedimentation processes. Due to the morphologically 
dominant gleyic features (i.e. the fact that they are relict), these 
Bw/Bv horizons can often be misclassified. Described issue is 
presented on the example of GS 21 and GS 11 profiles (Table 1, 
Fig. 4). It should place emphasis on the precise recognition of 
the degree of their transformation already at the stage of field 
research. 

On the other hand, in 19 soil profiles of alluvial types 
(8 – chernozemic, 8 – brown; 3 – ordinary) and all investigated 
gleysols (7 profiles), groundwater appears at a depth of less 
than 1 m (at least in part of the year), and the gleyic properties 
occurred at a depth of up to 50 cm. In gleysols it is an obvious 
feature and its occurrence is already highlighted in the rank of 
soil type. In alluvial soils (all three types), such a strong influ-
ence of groundwater should be expressed in the rank of the 
soil subtype – analogous to the black earths type, where the wa-
terlogged subtype can be distinguished. This is especially im-
portant in the type of chernozemic alluvial soils where such 
a shallow influence of groundwater was recorded in as much 
as 40% of cases. Moreover, many alluvial soils without diagnos-
tic humus horizons but with shallow influence of groundwater 
are classified according to the PSC (2019) as gleysols (e.g. pro-
file DM 8 – Table 1, Fig. 4). The alluvial genesis is not noticed 
in such soils at rank of type or subtype. To solve this problem, 
order of gleyzemic soils should include the type of gleyic al-
luvial soils, or the subtype of alluvial gleysols should be add to 
the type of gleysols. It should be noted that similar suggestions 
for distinguishing “gleyic alluvial soils” have been appearing in 
Polish literature for a long time (e.g. Rytelewski, 1965)
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4.3. Subsurface AB or A/B horizons

The accumulation of humus in alluvial soils has a complex 
genesis resulting from their allochthonous nature. Fluvial mate-
rial is very often rich in highly decomposed organic matter at the 
time of its deposition (Hein et al., 2003; Zehetner et al., 2008; Bull-
inger-Weber at al., 2014). As a result, alluvial soils very often have 
humus horizons down to considerable depths. In aggradation en-
vironments, i.e. flood plains or foot slopes (Świtoniak 2015) for-
mer surface humus horizons are gradually covered with younger 
A horizons and become subsurface parts of pedons. Post-sedi-
mentation soil-formation processes (i.e. biochemical weathering, 
bioturbations) gradually change it into ABw or ABv horizons. Af-
ter some time, such materials are still relatively rich in humus, 
but at the same time meet all the criteria for kambik or siderik 
horizons (e.g. profiles Czarnowo 10 and Czarnowo 11 – Table 1, 
Fig. 4). Well-developed, biochemically weathered B horizons with 
significant OC content (over 1%) are a common feature in alluvial 
soils (e.g. Niedźwiecki et al., 2010a; 2010b; Mendyk et al., 2016). 
However, soil-surveyors often treat such horizons only as A, ig-
noring their post-sedimentative pedogenesis. In cases where AB 
or A/B horizons meet the diagnostic criteria for A mollik / umbrik, 
advanced pedogenesis is highlighted at the level of type – cher-
nozemic alluvial soils (Fluvic Phaeozems or Fluvic Chernozems 
in WRB). In soils where the A surface and AB or A / B subsurface 
horizons do not meet the diagnostic criteria for mollik/umbric all 
information about advanced pedogenesis in such soils is lost in 
the name of soil. This is confirmed by the entries on soil-classifi-
cation maps where the tested brown alluvial soils (Fluvic Cambi-
sols or Fluvic Brunic Arenosols in WRB) were classified as weakly 
developed ordinary alluvial units (Fluvisols in WRB). 

4.4. Stagnic properties

Stagnic properties were visible only in few investigated 
soils. This diagnostic property can be connected with the fine-
textural texture of soils (Kawałko et al., 2021) In some cases 
this diagnostic property may be a result of water stagnation on 
barriers formed by relict gleyic process of iron and manganese 
compounds accumulation. This is confirmed by the presence 
of stagnic properties in the upper part of some Bv horizons de-
veloped as weathering of relict iron concretions formed due to 
changes in redox conditions (Fig. 4). In addition, in some cases 
the compaction in the sub-arable horizons as a result of agricul-
tural cultivation and the formation of a plow pan was recorded. 
Development of stagnic properties just under the Ap horizons 
due to compaction of fine sands or silty alluvial deposits by the 
usage of heavy machinery was recorded in the floodplain of Mis-
sissippi Delta (Iqbal et al., 2005) .

4.5. Eluviation

The leaching (eluviation) processes are very common in the 
soils of the described region. Among autogenous soils (not sub-
ject to a strong influence of groundwater), lessivage processes 
dominate in fine-grained soils (Radziuk and Świtoniak 2021; 
Świtoniak 2021) or podzolization in sandy materials (Jankowski, 

2014; Sewerniak et al., 2017). Leaching processes are also noticed 
in alluvial soils in many parts of the World (e.g. Cipriano-Silva 
et al., 2020; Suther and Leigh, 2020) and Poland (Terelak, 1967; 
Banaszuk, 1987). However, such processes were not recorded 
in the investigated soils. This may be due to the high pH values 
found in most soils, resulting from the influence of groundwater 
and fertilization. The activation of strong leaching processes in 
alluvial soils is often associated with pine plantings (Banaszuk, 
1987), while the studied soils were generally under agricultural 
cultivation or covered with riparian forests. 

5. Conclusions

The conducted research makes it possible to propose sev-
eral improvements in the Polish Soil Classification with regard 
to soils developed from alluvial material:
1) the criterion of the minimum thickness of fluvic material 

and the depth of its occurrence should be introduced when 
classifying soils as alluvial soils. The rules adopted in the 
WRB could be applied here;

2) “Humic” subtype should be revised. In the case of materi-
als that do not meet (except thickness) the mollik criteria – a 
greater minimum thickness or organic carbon content should 
be introduced here – preferably compatible with the “humic” 
qualifier in WRB. The current criteria are so undemanding 
that almost all alluvial soils can be classify as “humic”;

3) In order of gleyzemic soils new type should be added – gley-
ic alluvial soils or in type of gleysols the subtype of alluvial 
gleysols should be added;

4) Waterlogged subtype should be introduced – it is most im-
portant in case of chernozemic alluvial soils.
In addition to the above proposals, there is also an impor-

tant issue of B horizons – both their genesis (weathering of rel-
ictigleyic features) and the designation of AB horizons not as 
only humus but also diagnostic kambik or siderik. This aspect 
requires further research. Moreover, it should be noted that soil-
agricultural maps are a good source of the range of occurrence 
of soils developed from alluvial materials.
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map and types and subtypes of Polish Soil Classification (6th edition, 
2019). Soil Science Annual 70(2), 98–114. https://doi.org/10.2478/ssa-
2019-0010 

Terelak, H., 1967. Kwaśne mady eluwialno-iluwialne. Pamiętnik Puław-
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Pozycja systematyczna gleb aluwialnych – zagadnienia problematyczne 
na przykładach z Pojezierzy Południowobałtyckich, Polska północna

Słowa kluczowe

Mady
Równiny aluwialne
Systematyka gleb Polski
Gleby gruntowo-glejowe
Kambik, Siderik

Streszczenie

Gleby wytworzone z materiałów aluwialnych stanowią bardzo zróżnicowaną grupę. Dotyczy to 
zarówno ich genezy, jak i wynikających z niej większości podstawowych właściwości np. zawarto-
ści węgla organicznego, cech związanych z oglejeniem opadowo lub gruntowo wodnym, obecności 
poziomów B czy uziarnienia. Zróżnicowanie omawianych gleb odzwierciedla ich pozycja systema-
tyczna. W najnowszym wydaniu Systematyki gleb Polski (2019) gleby wytworzone z materiałów 
aluwialnych mogą należeć do trzech typów mad: czarnoziemnych, brunatnych lub właściwych. 
W przypadku braku poziomów diagnostycznych, ale przy silnym wpływie wody mogą być też 
klasyfi kowane jako gleby gruntowo lub opadowo-glejowe. Celem przeprowadzonych badań była 
weryfi kacja kryteriów jak i kompletności jednostek w randze typów i podtypów gleb aluwialnych 
wydzielonych w najnowszym wydaniu Systematyki gleb Polski (2019). Badania przeprowadzono 
w dolinach rzecznych Polski północnej objętej ostatnim zlodowaceniem Wisły. Łącznie przebada-
no 87 profi li glebowych. 18 gleb zostało zaklasyfi kowanych jako mady czarnoziemne. Najbardziej 
powszechne, bo reprezentowane aż przez 48 przypadków, były mady brunatne. Mady właściwe 
odnotowano 11 razy. Ponadto 7 gleb wytworzonych z materiałów aluwialnych należało do gleb 
gruntowo-glejowych. 3 pozostałe przypadki zostały zaklasyfi kowane jako gleby organiczne i de-
luwialne. Na podstawie uzyskanych wyników badań opracowano kilka propozycji zmian w Syste-
matyce gleb Polski. Dotyczą one konieczności wprowadzenia kryterium minimalnej miąższości 
materiału fl uvic przy wydzielaniu mad, podniesienia wymogów dla podtypu gleb próchnicznych 
oraz rozszerzenia gamy typów w glebach glejoziemnych lub podtypów gleb gruntowo-glejowych 
o mady gruntowo-glejowe oraz typu mad czarnoziemnych o gleby podmokłe. W artykule podjęto 
też problematyczne kwestie określania genezy poziomów B w glebach aluwialnych. Ponadto bada-
nia potwierdziły dużą przydatność map glebowo-rolniczych w określaniu zasięgów występowania 
gleb aluwialnych. 

Weckwerth, P., Przegiętka, K., Chruścińska, A., Woronko, B., Oczkowski, 
H.L., 2011. Age and sedimentological features of fluvial series in the 
Toruń Basin and the Drwęca Valley (Poland). Geochronometria 38(4), 
397–412. https://doi.org/10.2478/s13386-011-0038-1 

Yilmaz, I., Karacan, E., 1997. Geotechnical properties of alluvial soils: 
An example from South of Sivas (Turkey). Bulletin of the Interna-

tional Association of Engineering Geology 55, 159–165. https://doi.
org/10.1007/BF02635418

Zehetner, F., Lair, G.J., Maringer, F.J., Gerzabek, M.H., Hein, T., 2008. 
From sediment to soil: floodplain phosphorus transformations at the 
Danube River. Biogeochemistry 88, 117–126. https://doi.org/10.1007/
s10533-008-9198-3 
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