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Abstract

Gleba rdzawa (Pol.) — the rusty soil is a soil type distinguished in Polish classification system that
has been elected as the soil of the year 2021 in Poland. Rusty soils are mainly coarse textured soils,
developed from sandy deposits of various origin (glaciofluvial, fluvial, less often aeolian and of
weathering) with A-Bv-C horizon sequence. Pale orange enrichment horizon Bv-siderik is a diag-
nostic one of these soils. The agricultural quality of rusty soils is low, but they constitute valuable
habitats of natural and managed forests, on the territory of Poland occupying over 50% of all the
forest area. The article discusses the general concepts of the genesis of rusty soils in the following
aspects: (1) ‘rustyfication’ — formation of Fe-Al coatings on sand grains in the Bv horizon, (2) ‘dry
pedoclimate’ — as an assumed factor responsible for the lack of Fe-Al-oxides mobility, (3) coniferous
forest vs deciduous forest vegetation as a soil-forming factor, (4) Pleistocene vs Holocene age and
the possible role of periglacial conditions. In Polish classification system rusty soils are currently
located close to brown soils (Cambisols), however, in the past they were located in one taxonomic
unit with podzolic soils. In international classifications such soils are not distinguished separately
and belong to Brunic Arenosols/Psamments. The largest areas of rusty soils in Poland are located in
lowlands and uplands, mainly on sandy surfaces of outwash plains, and terraces of ice-marginal
streamways and valleys.

1. Introduction

Gleba rdzawa (Pol.) — the rusty soil - is the type of soil that
has been elected as the soil of the year 2021 by the Commission
for the Soil Genesis, Classification and Cartography of the Soil
Science Society of Poland.

Rusty soils are well developed sandy soils whose main di-
agnostic feature is the presence of a characteristic pale orange
(rusty) coloured, relatively deep enrichment horizon (Bv) that in
Polish soil science is named siderik (SGP 6, 2019). Rusty soils are
a common element of the soil cover in Poland and also the whole
area of Central European Lowlands. That region is located inside
the so-called ‘Central European sand belt’ (Zeeberg, 1998), where
sandy deposits of various origin (glaciofluvial, fluvial, aeolian),
forming parent rocks especially suitable of rusty soils develop-
ment, are especially widespread.

Public attention and colloquial perception of soils and their
role in the environment and human economy is mainly focused
on agricultural issues. The intention of the Commission for the
Soil Genesis, Classification and Cartography of the SSSP was,
however, to emphasize the fact that also less fertile sandy soils,
not as much useful for agriculture, are an important element of

environment, shaping valuable habitats of natural or seminatu-
ral forest ecosystems, as well as managed woodlands. For this
reason, these less fertile, sandy soils are a basis for forestry and
wood industry — an important branch of the Polish economy (ht-
tps://www.torun.lasy.gov.pl/pgl-lasy-panstwowe). The rusty soils,
on the teritory of Poland are the most important forest soils, oc-
cupying over 50% of all the forest area of the country (https://
www.hdl.lasy.gov.pl/portal/mapy; Rutkowski et al., 2021).

Poland is one of the pioneer countries, where studying indi-
vidual characteristics of rusty soils has several decades of tradi-
tion and where these soils were identified as a distinct soil type
in the national classification (SGP 3, 1974). Studies on rusty soils
in Poland started in the mid-twentieth century. Probably for the
first time the term ,gleby rdzawe” was used by Jan Tomasze-
wski in the 1950s (Bialousz et al., 2021), although in Germany
analogous soils were described as ‘Rostfarbene Waldbdden’ by
Stremme, even in late 1930s (Stremme, 1939). Since the 1960s
rusty soils commonly occur in Polish literature. During the last
ca. seven decades numerous studies on these soils were realised
by the researchers from various Polish academic centers. The
Authors’ attention in the present paper was focused on the fol-
lowing aspects:
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1. Genesis and age of rusty soils — the subject of two mono-
graphic books entirely dedicated to rusty soils (Bednarek,
1991; Janowska, 2001) and several other publications (e.g.
Kowalkowski 1977a, Manikowska, 1985; Kowalkowski et
al,, 1985, 1986; Szafranek, 1989, 1992; Konecka-Betley, 1991;
Manikowska and Bednarek, 1994; Konecka-Betley and
Janowska, 1996, 2005; Jankowski, 2003, 2019; Czubaszek,
2006; Switoniak, 2021).

2. Regularities of geographical distribution of rusty soils
(Uggla and Roszko, 1974; KuZnicki et al., 1978; Bialousz,
1978; Prusinkiewicz, 1969; Kowalkowski and Borzysz-
kowski, 1974; Kowalkowski et al., 1981; Konecka-Betley et
al., 2002; Czepinska-Kaminska, 1986; Prusinkiewicz et al,,
1980; Marzec and Kabatla, 2008; Degorski et al., 2013; Jon-
czak and Sztabkowski, 2021).

3. Characterization of rusty soils physical, chemical, physi-
cochemical and biological properties and their transfor-
mation due to land use (Kuznicki and Sklodowski, 1974;
Kowalkowski, 1977b; Kowalkowski and Szczesny, 1977,
1978; Kowalkowski et al., 1977; Ostrowska, 1977; Chudecki
and Blaszczyk, 1980; Sktodowski, 1986; Sktodowski and Ma-
ciejewska, 1986; Maciejewska, 1993; Pokojska et al., 1995,
1999; Malczyk, 1998; Nowinski, 1998, 1999; Szafranek,
1998, 2000; Szafranek and Sklodowski, 1998; Magnuski et
al., 2001; Dziadowiec et al., 2002; Swiercz, 2005; Becher
and Kalembasa, 2006, 2008; Kalembasa and Becher, 2006;
Wawrzyniak-Gramacka and Drab, 2007a, 2007b; Smal and
Olszewska, 2008; Bryk, 2009; Martyn and Niemczuk, 2009,
2011; Wéjcikowska-Kapusta and Niemczuk, 2010; Kobierski
et al,, 2011; Kondratowicz-Maciejewska et al., 2012; Bloriska
et al., 2013; Jonczak, 2014; Lemanowicz, 2015; Jonczak et al.,
2019; Kabala et al., 2021; Lasota et al., 2021).

4. Management of rusty soils (NiedZwiecki, 1984; Bednarek
and Michalska, 1998; Szafranek and Sklodowski, 2004;
Sklodowski et al., 2004; Smreczak et al., 2021) with special
focus at their ecological interpretation and evaluation of
value for forestry (Bialty, 1997, 1999; Brozek et al., 2008;
Jankowski, 2003, 2014; Chudecka and Tomaszewicz, 2014;
Jamroz et al., 2014; Chojnicki, 2020; Chojnicki et al. 2021 a, b;
Sewerniak and Jankowski, 2021; Smdlczynski et al., 2021).
In the journal Soil Science Annual (SSA) (in 1950-2011 jour-

nal’s name was Roczniki Gleboznawcze), including the current

issue, the term ‘gleby rdzawe’ was used ca. 40 times in article
titles, keywords and abstracts (Table 1). In papers indexed in the

Polish scientific datebase ‘Biblioteka Nauki’ (https://yadda.icm.

edu.pl) the keyword ‘gleby rdzawe’ occurs 56 times. Of course,

various aspects of the rusty soils research, in combination with
other soils, were an integral element of many more works. In
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the google scholar database, the term ‘gleby rdzawe’ appears in
around 2,300 items (https://scholar.google.com). For the purpos-
es of this study, 100 publications on rusty soils were collected.
In these numbers, most works were dedicated to soil properties
and their transformations, some to soil genesis, age and regu-
larities of geographical distribution and only few to the general
management issues.

Until these days, numerous controversies, especially around
the rusty soils’ origin are not unequivocally resolved and gener-
ate academic discussions about the classifiation of these soils,
their ecological potential and principles of sustainable manage-
ment, especially in forestry.

The aim of this paper is to present main concepts of the
rusty soils’ genesis, time of formation, classification, general
regularities of geographical distribution and management that
have been formulated by Polish soil scientists in the second half
of the 20% century and the first two decades of the 215 century.

2. Concepts of rusty soils genesis
2.1. General mechanisms of rusty soils formation

In Polish literature development of rusty soils is considered
as a separate soil-forming typological process. In literal transla-
tion from Polish this process can be named the ‘rusting’ or ap-
plying the rule of adapting non-English, international names
of soil-forming processes the ‘rustyfication’ or the ‘rustyzation’
(Pol. proces rdzawienia; SGP 4, 1989; Bednarek and Skiba, 2015).
The main mechanism of this process is defined as the formation
of stable rusty coloured coatings on grains of sand fraction (SGP
3, 1974). The coatings are built from iron and aluminum oxides
with some admixture of organic matter (mostly around 0.5% of
organic carbon - OC content). Weathering of primary iron-con-
taining aluminosilicate minerals is the source of Fe- Al-oxides
and organic (humic) acids originated from the organic matter
decomposition is the source of OC. Oxides and organo-mineral
complexes in classical literature are interpreted to be accumu-
lated due to in situ (understood as non-illuvial) transformation,
similarly to the kambik horizon formation, however with no
(or no significant) clay minerals contribution (SGP 3, PTG 1974;
Bednarek and Skiba, 2015). From the other side, they are inter-
preted as immobile forms, that effects in lack of eluvial (Es - al-
bik) and illuvial (Bhs - spodik) horizons, which develop, when
podzolization is an active soil-forming process. Immobility of
Fe-Al oxides in the diagnostic enrichment horizons Bv - siderik
is explained by limiting factors: (1) relative richness of parent
material in iron and aluminum compounds (higher than in Pod-

Table 1
The occurrence of the term ‘gleby rdzawe’ in the titles, Topics: Genesls, a.ge, o Properties Management
keywords and abstracts of articles published in the Soil geographical distribution
Science Annual (SSA) journal 1950 (1974)-2021, indexed in SSA 8 21 11
the ‘Biblioteka Nauki’ (BN) database and collected for the
purposes of this work BN 7 45 4
This work 42 44 14
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zols), (2) insufficient production of fulvic acids during organic
matter decomposition (lower than in Podzols), (3) the propor-
tion of OC/Fe+Al to low to enable eluviation.

This theory, however, does not explain why in most cases
Bv - siderik horizons and also A humic horizons of proper rusty
soils contain more Fe and Al than the parent rock C, visible not
only for their pedogenic (dithionite-bicarbonate-citrate extract-
able - Fe ) forms but also for total contents. This fact suggests,
that there is an accumulation of Fe and Al, starting from the top-
soil and occuring throughout the whole solum of a rusty soil and
thus, ‘rustyfication’ may not (or not only) be a really non-illuvial
process, but at least some part of these compounds has to origi-
nate from an external source. Concerning the lack of any supply
of ingredients from outside the pedon, in our opinion, the only
explanation of that enrichment is bioaccumulation - the redis-
tribution of compounds through the biological activity. It is obvi-
ous, that the original vegetation that participated in the develop-
ment of rusty soils, had to derive components using root systems
from the entire volume of soil and also reaching the parent rock.
These components in condensed form are returned along with
plant remains back to the soil surface (litter) and underground
(roots, etc.), accumulating with time and forming A and Bv ho-
rizons. Verification of this concept needs, however, additional
research.

2.2. The concept of ‘dry pedoclimate’

In several works analysing distribution of soils in inland
dune areas of Poland distribution of rusty soils was associated
with summit parts of dune hills. Such situation was reported
e.g. from dunes in the valleys of the Biebrza and Narew riv-
ers (Banaszuk, 1979; Czubaszek and Banaszuk, 2004) and in
the Warsaw Basin (the Kampinos forest; Czepifiska-Kaminska,
1986; Janowska, 2001; Konecka-Betley et al., 2002). In the most
extreme situation, not only the summits but the entire dune
forms and even large dune fields were marked as dominated by
rusty soils on soil-habitat maps edited for areas administrated
by the State Forests, e.g. in the Torun Basin (Operat, 1999). Such
landscape position of these soils was interpreted as an effect of
a specific climate conditions (pedoclimate) supposed to form in-
side the soils occupying the summits. As the most elevated and
exposed places they are expected to be a subject of dryingup to a
state that enables downward water movement in the soil profile
and development of podzolization, normally dominating on sur-
rounding dune slopes.

Such a concept, however, raises several doubts. Firstly, sizes
of inland dunes in Poland (mainly they rich the height of 10-20
meters, maximum 45 m, and a slope lenght of several dozen
meteres) seem to be insufficient to generate climatic variability
decisive for differentiating directions of soil-forming processes.
Although, topoclimatic variability of dune slopes of various ex-
position (northern and southern) is noticeable (Sewerniak and
Jankowski, 2017; Sewerniak and Puchalka, 2020), it may only
modify the intensity and pace of soil-forming processes but not
their general direction (Rutkowska, 2019). With uniform lithol-
ogy, vegetation and automorphic water regime even on much
more extensive landforms characterised with more significant

Rusty soil - Soil of the Year 2021 in Poland

topoclimate variability, typical of mountainous areas (verti-
cal bioclimatical zonation), topographical differentation of soil
forming processes is not always as obvious (e.g. Sommer et al,,
2001).

Secondly, morphology and chemical properties of the soils
occupying top parts of dune hills are significantly different from
rusty soils developed from outwash and terrace deposits. In
most cases these soils show features much more typical of weak-
ly advanced podzolization (presence of bleached eluvial zone
and thin gradually fading illuvial Bs or BC horizon) than ‘rusty-
fication’ (deep homogenous Bv horizon) and thus, they should
be classified as weakly developed podzolic soils or podzolized
arenosols rather than as rusty soils. It is necessary to underline,
that some researchers noticed the difference between soils oc-
cupying the tops of dunes and the rest of the rusty soils (Prusink-
iewicz, 1969; Bialousz, 1978; KuZnicki et al., 1978), calling the
first of them ‘cryptopodzolic’ soils (Prusinkiewicz, 1969). Weak
degree of their development - interpreted formerly as domi-
nance of ‘rustyfication’ — is rather a result of the high suscepti-
bility of soils at dune tops to the degradation processes (erosion
and deflation), in the case of any destruction of the vegetation
cover. Such interpretation was formulated on the basis of stud-
ies carried out on dunes in the Torun Basin (Jankowski, 2003,
2019; Sewerniak and Jankowski, 2021). In case of the Biebrza
and Narew River valleys podzolization as the process forming
soils on dunes was confirmed by works of Czubaszek (2006). For
dune soils of the Warsaw Basin the same conclusion was made
as a result of the discussion during the field session of the 27
Congress of the Soil Science Society of Poland in 2007.

Thirdly, in numerous profiles of rusty soils illuvial bands
(lamellae) were reported (e.g. Prusinkiewicz et al., 1998; Brozek
and Zwydak, 2003; Jankowski, 2018; Gus-Stolarczyk et al., 2021)
seeming to contradict the theory of the total immobility of iron
and aluminum compounds related to the dry pedoclimate. Actu-
ally, it is widely accepted that pedogenic lamellae form accord-
ing to the illuviation of clay fraction, and also Fe-Al-coompounds
(Prusinkiewicz et al., 1998; Rawling, 2000; Gus-Stolarczyk et al.,
2021) and their presence indicates that leaching of Fe and Al by
water seeping downward into the soil profile takes place in rusty
soils, as well as in podzolic and clay-illuvial (lessive) soils often
occurring in close neighborhood. The specifity of rusty soils re-
lates to the fact, that possible loss of components which could
occur in their top horizons due to leaching may be compensated
by bioaccumulation, as it is sugested in the chapter 2.1.

2.3. Vegetation as a soil-forming factor

Most of rusty soils in Poland are actually overgrown with
managed pine woodlands (Pinus sylvestris L.). For decades the
opinion on the compliance of such vegetation with rusty soils’
ecological potential dominated the scientific views and prin-
ciples of forest management (SGP 3, 1974; Prusinkiewicz et
al., 1980; SGP 4, 1989; Brozek and Zwydak, 2003). However, in
profiles of rusty soils overgrown with pines morphological and
chemical effects of podzolization (bleaching of quartz grains or
even formation of thin layer of albik material as well as quanti-
tative evidence for the translocation of Fe and Al) are regularly
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present in the top, over the Bv — siderik horizon. The intesity of
podzolization seems to be related to the age of pine stands and
the mineralogical richness of parent material (Jankowski, 2014).
From the other side, in numerous areas managed as pine wod-
lands spontanous encroachment of deciduous tree species, such
as oak (Quercus sp.), hornbeam (Carpinus betulus L.), beech (Fa-
gus sylvatica L.) and maple (Acer sp.) on rusty soils is observed
with time. Thus, there appears the suggestion, that such trees,
more demanding but also more competitive than pine, may suc-
cesfully grow on these soils and perhaps they constitute a poten-
tial vegetation participating in rusty soils formation (Biaty, 1997,
1999; Jankowski, 2014, 2019; Andrzejczyk and Sewerniak, 2016;
Sewerniak and Jankowski, 2021). In the Brodnica Lakeland the
phenomena of obliteration of former podzolization effects and
regeneration of rusty soils under encroaching deciduous trees
was documented, seeming to confirm such concept (Jankowski,
2014). Thus, coniferous woodlands widely planted on rusty soils
in Poland should be interpreted as an anthropogenic factor caus-
ing their transformation — replacing primary ‘rustyfication’ with
secondary podzolization. Considering ecological potential such
vegetation should be perceived as disconcordant with rusty
soils and the described phenomena even as a habitat degrada-
tion process.

It is worthy to notice, that first suggestions of higher eco-
logical potential of rusty soils in comparizon with other auto-
morphous sandy soils (podzolic soils, arenosols, ‘cryptopodzolic’
soils) appeared decades ago (Prusinkiewicz, 1969; Bialousz,
1978; Kuznicki et al., 1978).

2.4. Therole of periglacial conditions and age: Pleistocene vs
Holocene

Until today, a number of controversies have arisen regard-
ing the age and climatic conditions under which rusty soils may
form. For decades, the theory that rusty soils and their character-
istic enrichment horizons Bv-siderik are actually of a relict na-
ture and formed in the periglacial climate of the late Pleistocene
was very popular (Kowalkowski, 1977a, 1988; Degorski et. al.,
2013). The concept, adapted from German literature (Jager and
Kopp, 1969) was accepted by numerous Polish authors and even
established in some editions of the Polish soil classification sys-
tems as the only possible explanation of the genesis of rusty soils
(SGP 3, 1974; SGP 4, 1989; Klasyfikacja gleb lesnych Polski, 2000).
Mainly three arguments supporting this idea are exposed by its
proponents: (1) presence of the layer enriched with clay and/or
gravel fraction sometimes occuring in the bottom of the siderik-
Bv horizon. This layer quite often has a garland shape, and can
also emphasize the shapes of cryogenic structures (pseudomor-
phoses of frost wedges). It is widely interpreted as a relict of the
Pleistocene permafrost and active layer border (Kowalkowski
et al,, 1986). In the SGP 4 it was called the ‘cryoilluvial horizon’
and marked ‘Bk’ (SGP 4, 1989), (2) traces of quartz grain shape
and surface transformation in the periglacial (e.g. sharp edges,
fracture planes, various angular outlines, conchoidal fractures;
Woronko and Pisarska-Jamrozy, 2016) and aeolian (rounded,
mat; Mycielska-Dowgiallo and Woronko, 2004) environments
recorded in SEM (scanning electron microscope) observations
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(Kowalkowski and Mycielska-Dowgialto, 1980; Kowalkowski et
al., 1986; Bednarek, 1991; Janowska, 2001), (3) presence of silt
fraction interpreted as an effect of sand grains physical weath-
ering in multiple freezing-thawing cycles (Kowalkowski et al.,
1985, 1986).

Although, activity of periglacial processes at the end of the
Pleistecene on the territory of Poland is obvious; however, all
the features above mentioned relate to parent rock formation
in geomorphologically active environment (sedimentation, re-
working by redeposition and cryoturbations) rather, than to ef-
fects of soil-forming processes sensu stricto. Moreover, none of
these features are present in all rusty soil profiles, but only in
some of them, as well as in part of clay-illuvial soils, podzolic
soils, chernozems, etc. It seems to be more credible that the relict
features acquired by the parent rock in the periglacial environ-
ment could have conditioned the depth of later (Holocene) pedo-
genesis and in some cases these periglacial features were just
emphasized by subsequent soil-forming processes.

From the other side, no datings unequivocally indicative
of the Pleistocene age of rusty soils/siderik-Bv horizons were
presented in any publication, while numerous radiocarbon and
archaeological datings show, that they could develop in various
phases of the Holocene. According to Manikowska and Bednarek
(1994) and Konecka-Betley and Janowska (2005) rusty soils were
typical soils of central Poland in early Holocene (Preboreal pe-
riod). Two generations of rusty soils ocurring in vertical chron-
osequences were documented from the Tuchola forests — de-
veloped before and after ca. 2400 BP (Bednarek, 1991), in the
Torun Basin — formed during the Eo-mesoholocene and Neohol-
ocene (Bednarek, 2000; Jankowski, 2002, 2003, 2019) and in the
Kuiavia region - related to post Neolithic (Neoholocene) period
(Jankowski, 2018).

Considering these facts, accepting the Pleistocene-perigla-
cial concept of rusty soils genesis a priori seems to be unauthor-
ized, however, such interpretation has followers until today
(Hirsch et al., 2015).

3. Classification position of rusty soils

For the first time in Poland rusty soils were officialy distin-
guished as a separate type, in the third edition of the Classifica-
tion system of Polish Soils (SGP 3, 1974). In earlier editions they
were considered as a sandy variant of brown soils (SGP 1, 1956;
SGP 2, 1959). In this genetic, qualitative classification (SGP 3,
1974), rusty soils were included in the class of ‘podsol-earth’
soils, next to ‘podsolic soils’ and ‘podsols’. The basis for combin-
ing these three soil types into one group was the assumption of
‘similar biological, physical and chemical properties’ and ‘a sim-
ilar system of biological and abiotic factors of the geographical
environment’. This concept, mainly related to sandy texture of
these soils evidences the prevailing opinion of their low ecologi-
cal value and connection with coniferous vegetation. Two sub-
types of rusty soils were distinguished at that time: ‘proper rusty
soils’ and ‘podsolized rusty soils’, dividing soils without or with
visible evidence of podzolization. The rusty enrichment horizon,
characteristic of these soils, was marked with the symbol ‘B’.



In the fourth edition of the classification system - the Sys-
tematics of Polish Soils (SGP 4, 1989) rusty soils were separated
in the division of ‘autogenic soils’ and order of ‘podzol soils’ to-
gether with podzolic soils and podzols. The above mentioned
classification, for the first time in Poland, has introduced diag-
nostic horizons whose definitions were based not only on quali-
tative criteria, but primarily on quantitative criteria. The sideric
horizon (Greek: sideros — iron) was considered to be the diag-
nostic horizon for rusty soils. However, the symbolism adopted
to mark this horizon largely reflected the views on the genesis
of rusty soils prevailing in Polish soil science at that time. The
symbol ‘Bv’ was adopted for rusty periglacial soils, ‘Bvre’ for
rusty relict soils and ‘Br’ for cultivated rusty soils. In the rusty
soil type, three subtypes were distinguished: ‘proper rusty soils’,
‘brownish rusty soils’ (new in comparison to the previous edi-
tion) and ‘podzolized rusty soils’ (equivalent to ‘podsolized rusty
soils’ from the SGP 3,1974).

With next editions of SGP gradual change in perception of
rusty soils ecological valuae is visible.

In the fifth edition of SGP (2011) rusty soils were distin-
guished in a rank of individual order of ‘rusty soils’, separete
from the order of ‘podzol soils’. The diagnostic horizon for these
soils sideric, had the symbol ‘Bv’. In the order of rusty soils, in
addition to the type of rusty soils, a new type was distinguished,
so far not included in the Polish soil taxonomies — ochre soils
— including sandy red-coloured pedons (Rubic Arenosols;
Jankowski, 2013). Within the rusty soil type, three subtypes
were distinguished: typical rusty soils, podzolic rusty soils and
gleyic rusty soils. It should be emphasized that in the definition
of rusty soils and in the symbolism of the sideric — Bv horizon,
the information about periglacial conditions of their formation
has been rightly abandoned.

The newest proposal of the Commission for the Soil Genesis,
Classification and Cartography of the Soil Science Society of Po-
land was edited in 2019 (SGP 6, 2019, Kabala et al., 2019). In this
version, contrary to the previous one, rusty soils were not distin-
guished in the rank of a separate order, but included in the order
of ‘brown earths’ (Cambisol-related soils) together with more
soil types: brown soils, brown rendzinas, brown alluvial soils
and ochrous soils. Such an assumption underlines not only mor-
phological similarity with Cambisols (A-B-C horizon sequence),
but also their at least mesotrophic character as well as ecological
and genetic connection with mixed or even deciduous forests.

The siderik — Bv horizon diagnostic for rusty soils was de-
fined mainly on the basis of quantitative criteria. Within the
type of rusty soils, more subtypes were distinguished than in the
5th edition of the classification (SGP 5, 2011), i.e. typical rusty
soils, brown-rusty soils, podzolic rusty soils, humic rusty soils
and gleyic rusty soils.

In addition to the soil systematics discussed above, the Clas-
sification of Forest Soils has existed in Poland since 2000 (Klasy-
fikacja gleb lesnych Polski, 2000), which is used in habitat evalu-
ation for forest management. This classification, developed by
the Forest Soil Classification Team of the Polish Soil Science Soci-
ety, refers to the former, edition of the Forest Soil Classification
(Klasyfikacja gleb lesnych, 1973) and the 4th edition of the Sys-
tematics of Polish Soils (SGP 4, 1989). Rusty soils in this classifica-

tion were distinguished in the rank of the basic taxonomic unit,
i.e. type. The diagnostic horizon is the sideric (Bv), characterized
by a specific set of quantitative criteria. The definition of rusty
soils emphasizes their genesis related only to periglacial condi-
tions. In this classification, three sub-types of rusty soils were
distinguished: ‘proper rusty soils’, ‘rusty brown soils’ and ‘rusty
podzol soils’.

Thelatest editions of classifications mentioned above (Klasy-
fikacja gleb le$nych Polski, 2000; SGP 6, 2019) extend the defini-
tion of rusty soils to pedons with finer grain-size distribution,
providing for the possibility of including soils with the texture of
loamy sand (SGP 6, 2019), silt and even sandy loam (Klasyfikacja
gleb lesnych Polski, 2000) in this type. So far, however, the docu-
mentation of such soils in the scientific literature is very modest
and does not allow for a broader discussion on them.

It is worthy to underline, that in international classification
systems (Soil Survey Staff, 2014; IUSS Working Group WRB, 2015)
analogues of the rusty soils are not distinguished as separate
units at high classification level. Using WRB soil classification
(IUSS Working Group WRB, 2015) such soils may be classified as
Dystric Brunic Arenosols. According to Soil Taxonomy (Soil Sur-
vey Staff, 2014) they fit to the unit of Typic Udipsamments. The
above names seem to be inappropriate as they suggest a poor
level of profile development and group rusty soils in one unit
with typical A-C arenosols, despite their genetic, ecological and
economical individuality and also reletively high stage of devel-
opment.

4. Regularities of geographical distribution of rusty soils
in Poland

According to various estimations of the soil mantle of Po-
land rusty soils occupy about 14-15% of the country’s territory
(Bednarek and Prusinkiewicz, 1980; Prusinkiewicz et al., 1980;
Uziak and Klimowicz, 2002; Sykula et al., 2019). However, this
percentage seems to be not exact. From one side, taking into
account detail cartographical analysis of Polish forest habitats
(https://www.bdl.lasy.gov.pl/portal/; Rutkowski et al, 2021),
where rusty soils cover about 50% and the information that
afforested area of Poland is 30% one can notice that only for-
est rusty soils make up these 15%. Meanwhile, about 1/3 of all
rusty soils may be in agricultural use (Prusinkiewicz et al., 1980).
Thus, this figure seems to be underestimated and it should be
seen at around 22,5% of the whole teritory of Poland. From the
other side, however, many soils classified on soil-habitat maps
of forest areas as ‘rusty podzol soils’, in fact are weakly devel-
oped or degraded podzolic soils or podzolized arenosols, as it
was shown in several works (Jankowski, 2003, 2019; Czubaszek,
2006; Sewerniak and Jankowski, 2021).

Distribution of rusty soils is related mainly to coarse-grain
(sandy and gravely) deposits of various origin. Mainly, there are
sandy materials extensively sedimented according to the deglaci-
ation of scandinavian ice-sheets and melt-waters outflow during
the Pleistocene and subsequently redistributed by fluvial, slope
and aeolian processes during the Late Glacial and the Holocene.
Rusty soils cover extensive areas in lowland and upland part of
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Poland, on glaciofluvial and fluvial terrace systems of outwash
plains, ice-marginal streamways and valleys. In such areas, they
can form extensive homogeneous mantles or appear in mosaics
and catenary systems with other sandy soils: podzolic, semimur-
shic and ochre soils (Podzols, Umbric Gleysols/Gleyic Arenosols,
Rubic Arenosols). Rusty soils may occur also in washed out parts
of ablational moraines, adjacent to clay-illuvial soils (Luvisols,
Retisols). They appear also on smaller glaciofluvial and glaci-
olacustrine landforms such as kames and eskers. In aeolian
sands rusty soils are rare and they occupy rather thin aeolian
mantles overlying richer deposits and peripheries of dune fields
(Jankowski, 2003, 2019).

Occurence of rusty soils in mountainous areas is ambigu-
ous (Kowalkowski and Degoérski, 2005). They were found in the
Sudetes, as formed from sandy-textured products of the Karkon-
osze granites weathering (Marzec and Kabala, 2008). From the
Carpathians they have not been reported until now (Skiba, 1995;
Skiba and Drewnik, 2003), although, theoretically formation of
rusty soils should be a possible process in wethering sandstones
of the Beskides, especially corse-grained ones. In the Holy-Cross
Mountains rusty soils were described as typical of weathered
quartzites, sandstones of various age and periglacial slope man-
tles (Szafranek, 1989, 1990, 1992; Kowalkowski, 1994).

5. Management of rusty soils in Poland

Rusty soils are mainly managed as forest soils, afforested
with stands of diverse tree-species composition — from fresh
deciduous oak-hornbeam and oak forests, through mixed for-
ests and mixed coniferous forests to homogenous pine mono-
cultures (Brozek and Zwydak, 2003; Brozek et al., 2008, Lasota
etal, 2011 a, b, ¢; Zwydak et al., 2011). However, it is rather un-
likely, that such wide range of vegetation composition may re-
flect natural diversity. In the light of newer data it seems to be
an effect of forest management and does not express their real
habitat value (Bialy, 1997, 1999; Jankowski, 2003, 2014, 2019;
Sewerniak and Jankowski, 2021). The ranges of rusty soils over-
grown with deciduous beech, oak-hornbeam and oak forests
have been documented in several protected areas of Poland,
despite their relatively low SIG (Soil Trophic Index) values (La-
sota et al.,, 2011 a, b).

Quality of rusty soils for agriculture is rather low (Prusink-
iewicz et al., 1980; Sklodowski et al., 2004). Main disadvantages
are related to sandy texture and may be listed as follows:

— low water storage that makes rusty soils easily drying out in
periods of limited precipitation,

—  low content of nutrients in soil mineral phase,

—  high susceptibility of organic matter to mineralization, due
to low content of clay minerals and lack of stable organo-
mineral complexes,

— acid reaction, low cation exchange capacity and low base
saturation.

Despite these disadvantages, it is estimated that up to 1/3
of all rusty soils can still be used for agricultural purposes (Pru-
sinkiewicz et al., 1980). This applies mainly to small patches of
these soils located insularly among more fertile soils and in con-

145585

SOIL SCIENCE ANNUAL

tact zones of sandy areas with areas composed of fine-grained
sediments (for example outwash plains and moraine uplands),
however, in regions, where more fertile soils are limited, rusty
soils may constitute significant part of arable lands (e.g. parts of
Mazovia, Podlasie, £.6dzZ Province).

In Polish soils bonitation classification developed strictly
for economical purposes rusty soils are included in the worst
classes V and VI and only pedons with loamy sandy texture in
humic horizons and pedons containing loamy/silty interlayers
may be classified as IVb (Smreczak et al., 2021). The agricultural
usefulness of these soils is limited to soil-agricultural complexes
6 (weak rye complex) and 7 (the weakest rye complex). Only in
some cases, rusty soils built from sands shalowly underlaid with
finer materials (loamyy/silty/clayey) or having loamy-sandy tex-
ture in the topsoil may be put in the complex 5 (rye good com-
plex).

6. Summary

Despite the fact that rusty soils are an important element of
the soil cover of Poland, especially its forest areas, and despite
long history of scientific research, until now many aspects of the
genesis, utility value and ecological potential of these soils are
controversial. Over decades of studies several theories of rusty
soils formation have been developed, which are also reflected
in the evolution of their classification. Due to numerous doubts
and unresolved questions, these concepts, however, cannot be
considered unambiguously proven.

Summarizing the facts presented in this paper, at the ac-
tual stage of knowledge, the genesis of rusty soils should be
understood as the process of accumulation of components (in-
cluding iron and aluminum) in the solum as a result of (1) in-
tensive weathering of primary minerals, usually occurring in
coarse-grained (sandy) rocks and (2) biological cycling induced
by deciduous forest vegetation. Although, in such conditions, in
the moderate relatively humid climate of Central Europe, leach-
ing of components must take place, the specific redistribution
of components by deciduous forest vegetation compensates any
losses in the topsoil.

In Polish pedology the process of the rusty soils formation
is called ‘proces rdzawienia’ (in literal translation ‘rusting’,
‘rustyfication’ or ‘rustyzation’). Its main effect is the formation
of rusty-coloured coatings covering larger mineral grains in the
diagnostic enrichment horizon of Bv-siderik and in the overly-
ing humus horizon A. Unlike the Bw-kambik horizons of brown
soils (Cambisols), clay minearals do not play a major role in the
siderik horizons. The latest editions of Polish soil classifications
extend the definition of rusty soils to pedons with finer texture
(loamy sand and even finer). However, documentation of such
soils in the scientific literature is very modest and requires fur-
ther completion.

Despite the fact that rusty soils (like mineral soils of other
types in Poland) are often developed in the Pleistocene deposits
processed in periglacial conditions, the course of the soil-form-
ing process leading to their formation should be associated with
various phases of the Holocene, up to the present day.
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The exact share of rusty soils in the soil cover of Poland is
not precisely established. The existing estimates show that it is
between 15 and 22.5%.
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Gleba rdzawa jest typem gleby wyr6znionym w polskim systemie klasyfikacji gleb, wybranym
w Polsce gleba roku 2021. Gleby rdzawe sa glebami wyksztalconymi gléwnie z osadéw piaszczy-
stych réznego pochodzenia (wodnolodowcowego, rzecznego, rzadziej eolicznego i wietrzeniowgo),
o sekwencji pozioméw A-Bv-C. Jasnopomaranczowy poziom wzbogacania Bv-siderik jest pozio-
mem diagnostycznym tych gleb. Jako$¢ rolnicza gleb rdzawych jest niska, jednak stanowia one
cenne siedliska laséw naturalnych oraz gospodarczych, na terenie Polski zajmujac ponad 50%
calej powierzchni le$nej. W artykule omdéwiono ogélne koncepcje genezy gleb rdzawych w na-
stepujacych aspektach: (1) proces rdzawienia — polegajacy na tworzeniu sie otoczek Fe-Al na ziar-
nach piasku w poziomie Bv, (2) ,suchy pedoklimat” — jako zakladany czynnik odpowiedzialny za
brak mobilnos$ci tlenkéw Fe-Al, (3) roslinno$¢ laséw iglastych kontra roslinno$¢ laséw lisciastych
jako czynnik glebotworczy, (4) plejstocenski lub holocenski wiek i ewentualna rola warunkéw
peryglacjalnych. W polskim systemie klasyfikacyjnym gleby rdzawe sa aktualnie umiejscowione
blisko gleb brunatnych (Cambisols), jednak w przeszlo$ci znajdowaly sie w jednej jednostce tak-
sonomicznej z glebami bielicowymi. W klasyfikacjach miedzynarodowych takie gleby nie sa wy-
rézniane odrebnie i naleza do Brunic Arenosols/Psamments. Najwigeksze obszary gleb rdzawych
w Polsce znajduja si¢ na nizinach i wyzynach, gtéwnie na piaszczystych réwninach sandrowych
oraz terasach pradolin i dolin.
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