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The preparation of a new classification system was initiated by
Vladimir Markovich Fridland,
his last years were devoted to its creation and perfection.
Pupils andfollowers ofV.M. Fridland tried to finalize this work
preserving and developing his ideas
INTRODUCTION
j

,
I

o[:n
[H
i^'
^
.

The development of a soil classification system is a traditional
problem in Russian soil science being an objective of comprehensive
research, acute discussions, and summary of extensive soil-geographic
surveys.
Natural sciences use classifications of their objects as tools to
categorize fundamental scientific knowledge. Classification systems
demonstrate the conceptual level of science at the time of their
development, as well as the amount of information available in a
scientific area. That is why the problem of classification is eternal in any
scientific field. Moreover, it evolves continuously and moves from one
sphere of influence to another. Classification of soils, as of any natural
object, is endlessly forced to determine priorities as it formulates its
principles which alternate between the driving forces (conditions of
habitats, or agents responsible for the development and existence of the
object) and the object itself. The latter being properties, inherent to the
object which primarily are those of morphology.
The purpose of soil classification in Russia is to organize the
available information on the world of soils for revealing relationships
between its numerous members, to assist in the interpretations of soil
genesis and bonds with the other components of the landscape.
Along with the conceptual functions of inventory of basic and
applied knowledge, the classification system pursues direct practical
issues. It is a tool for surveying and mapping soils at any scale (from the
large-scale maps, or plans of research key sites to the world maps), to
make inventories of soil resources and assist in their sustainable use and
maintenance of fertility, and of environmental control.
Many original concepts concerning soil classification and
taxonomy were proposed by prominent Russian pedologists: V.V.
Dokuchaev (1900), N.M. Sibirtsev (1897), K.D. Glinka (1908), P.S.
Kossovich (1910), Ya. N. Afanas'ev (1927), L.I. Prassolov (1936), S.A.
Zakharov (1943), I.P. Gerasimov, A.A. Zavalishin, E.N. Ivanova (1939),
5

LP. Gerasimov (1975), E.N. Ivanova and N.N. Rozov (1960), M.A.
Glazovskaya (1983), V.M. Fridland (1982), V.R. Volobuyev (1964),
V.A. Kovda (1933, 1973), B.G. Rozanov (1982), LA. Sokolov (1991) and
others. Almost all soil classification systems elaborated in Russia,
irrespective of their diverse principles, have one common feature,
namely, a genetic background. Consequently a scientific schooi involved
in the development of genetic soil classification, has evolved in Russia
and consists of several conceptual trends. Most advanced among them
are: ecological-genetic, evolutionary-genetic, and substantive-genetic.
Along with numerous classification systems proposed by
individual scientists, there are official documents of the Ministry of
Agriculture. Two versions of the soil classification system: "Guidelines
for classification and diagnostics of soils of the USSR" (1967), and
"Classification and diagnostics of soils of the USSR" (1977) were
prepared by the Dokuchaev Soil Institute in Moscow and recommended
by governmental authorities to be used for soil survey, experiments on
agronomic stations, forestry and in other areas related to soils. Both
versions of the national classification system are derived from the wellknown ecological and genetic ideas proposed by E.N. Ivanova and N.N.
Rozov.
The "Classification..." of 1977 is an enlarged and improved
version of the former system, and it was to be updated because of new
knowledge on soils gained in the 60-80-ies. The bulk of this knowledge
concerns the recently discovered or described soils of remote areas, and
partially the soils modified by human impacts. Another impetus for
updating the system of 1977 was the re-evaluation of some old concepts
and approaches incompatible with the present-day soil data and their
interpretation. New ideas on classifying soils, both in the national and
international scientific communities, and the conceptual background of
the authors of the new Russian system determined the priority of the
substantive-genetic, or more precisely, of the profile-genetic principle to
be of major importance in the new system.
The first attempt in this direction, which was rather new for
Russian pedology, was made by V.M. Fridland in his publication of
1982: "Major principles and elements of the basic soil classification
system and the program of its development".
To elaborate a comprehensive system of soil diagnostics and
taxonomy for Russia a special commission was organized in the
Dokuchaev Soil Institute headed by its Director - Academician of the
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Russian Academy of Agricultural Sciences L.L. Shishov. The
Commission formulated the principles of categorizing the soils, approved
the list of soil types and the above-type taxa (paper of Shishov and
Sokolov in "Pochvovedenie", 1989, no.4). Experts in certain soils
prepared preliminary descriptions of diagnostic soil properties for each
soil or group of soils, mainly at the type level. These materials were
presented to the Commission and scrutinized by its members, whereupon
they were discussed at the Second All-Russia Soil Science Society
Congress in 1996.
This book contains a brief description of the principles and
structure of the new classification system, definitions of its diagnostic
elements - horizons and features. It is for the first time in Russian soil
classification that human-modified soils have received so much attention.
Nevertheless, the authors understand perfectly well that this issue
requires further research. Part II is devoted to the characterization of units
at the second and third hierarchical levels, and quantitative limits for the
lower taxonomie levels are considered in a special chapter. The non-soil
technogenic surface formations are presented in a general outline as a
first attempt to systematize them in Part III. A comparison of major
diagnostic elements of Russian and other world system is given in Part
IV.
The book is regarded as the first approximation to the new official
classification system, and is now completed and reworked to be published
as a next approximation in few years.
The authors express their gratitude to the specialists from the
Dokuchaev Soil Institute, whose data were used for diagnostic purposes:
Prof I.A. Sokolov, Drs. Sc. E.M. Naumov, E.I. Pankova, M.S. Simakova,
N.B. Khitrov; PhDs. N.I. Belousova, I.N. Liubimova, R.P. Mikhailova,
B.V. Sheremet. Very valuable were the contributions of colleagues from
agricultural institutions PhDs. A.Yu. Pertsovich, P.A. Sukhanov, and V.I.
Tcrent'iev, especially in the area of agricultural and technogenic soils.
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PREFACE
The Russian Soil Classification published in 1997 and now
translated into English provides a view into the state of knowledge about
soils that occur in a huge continental area. The earlier versions in 1967
and 1977 have been revisited by a commission headed by Prof. Dr. L. L.
Shishov, Director of the Dokuchaev Soil Institute and this version draws
on the experience of many scientists at many locations during the past
four decades. They have had an unique opportunity to follow the changes
that occur in soils that are associated with settlement, clearing, farming,
mining, and other influences of mans activities. We benefit from their
insight in developing conceptual models that enabled them to find
practical solutions in classifying man-influenced soils. It is no easy task
and as can be seen, this is an approximation that will grow and change
over time.
From a taxonomie point of view the shift toward more quantitative
definitions and criteria for diagnostic horizons and features that permit
the formation of mutually exclusive classes is most welcome. Concepts
and models of soil genesis have guided the selection of features and
properties for these substantive diagnostics. That same mode of thinking
has led them to a continuum from natural or native soils through slight
and moderate disturbances, to strongly modified soils, and eventually to
non-soil earthy materials produced by technologically augmented
societies. This progression is similar to following the hypothetical
sequence of processes and events in natural soil pedogenesis. Bringing
that concept into a classification system is a challenge that they bravely
faced and now offer us as "food for thoughf'.
They implement a genetic principle by defining profiles that
consist of diagnostic horizons plus modifications of those horizons to
provide additional information about possible processes or causes of the
properties that are observed. There was an attempt to retain, as much as
possible, those names and concepts from the previous versions that were
consistent with providing a substantive-genetic basis for classification.
The TYPE remains as the central classification unit, however, they have
been grouped into two higher taxonomie levels, Orders and Trunks. The
Orders are mainly groups of Types with similar subsurface diagnostic
horizons, such as a solonetzic BSN or a texturally-differentiated BT. The
Orders are grouped into three Trunks that relate to the nature of the soil
material (organic or organo-mineral) and time of formation
8

(postlithogenic or synlithogenic). Synlithogenic soils periodically receive
increments of external material alternating with stable periods of soil
formation, as often observed in some alluvial and volcanic environments.
The framework of a hierarchical structure is in place and helps to
maintain the orderliness of the presumed relationships among the various
soils. The concept of a basic unit (Type) is primarily that of a central
concept of a particular set of soil profiles, and that set can be represented
by a profile formula of the diagnostic horizons and features.
Many of the diagnostic horizons have not yet been given
quantitative limits, thus there are some instances where the intended
placement of a profile is not certain. Because of a high degree of spatial
soil variability in Russia, the refinement and testing of class limits remain
as tasks for the future. This "basic" type unit can be divided into subtypes
and further divided to provide additional information about CEC, salinity,
depth, coarse fragments and so forth. This version of the Russian
Taxonomy deals mainly with the higher levels, particularly the Orders,
Types, and Subtypes. Lower levels are not seriously changed as
compared to earlier versions.
It is recognized that defining taxonomie levels that are appropriate
for the levels of abstraction required is a tenuous and difficult
requirement. The definitions do, however, provide a basis for separating
units within a taxonomie level and guide the selection of the taxonomie
level at which additional properties may be used to accommodate new
information. It should also be noted that neither the World Reference
Base nor Soil Taxonomy provide clearly stated definitions and bases for
differentiating classes within each category of their system.
The rich diversity of soils of Russia can be appreciated as one
glances through the Keys, especially of the POSTLITHOGENIC Trunk.
Here are the classic Podzols, Podzolics, Chernozems, Solonetzes, and
many others familiar to taxonomists. Just as exciting is the introduction
of new horizons, new features, and new taxa that try to capture much of
the variability observed in man-influenced soils.
Let me illustrate with an organo-mineral postlithogenic soil that is
in the Texturally Differentiated Order (many Alfisols and Luvisols are
analogous; a schematic drawing of a similar soil sequence is given in
Chapter 3). The Podzolic Type horizon sequence is 0-EL-BT-C
indicating a litter on a light colored eluvial horizon that overlies a
texturally-enriched subsurface B horizon and below is a parent material.
The typical subtype would have the same horizon formula. As the forest
9

is cleared and cultivation begins there is a definite disturbance of the O
and portions of the EL horizons. The litter is mixed in with the upper part
of the EL and an ELtr horizon, a top-turbated layer of a new subtype,
appears - that of a top-turbated Podzolic soil (ELtr-BT-C). As more
mixing takes place the horizon is transformed into an agrogenic lighthumus horizon, a PY resting on remnants of EL, and a new type is
formed. It is an Agro-Soddy Podzolic soil (PY-EL-BT~C) and is still a
member of the Texturally Differentiated Order. Over time the PY horizon
is mixed to at least 25 cm and incorporates all of the EL so that the
profile is now PY-BT-C without evidence of an eluvial horizon. This
soil is classified as a Texturally Differentiated Agrozem, which is a Type
within the Agrozem Order of the Postlithogenic organo-mineral soil
Trunk. If this soil is no more plowed and overgrown by natural
vegetation, a natural light-humus AY horizon may evolve in the upper
part of the PY horizon, and we have than a regraded Agrozem, which
may become eluviated with centuries, and only weak evidence of former
plowing might be identified. Taxonomically this soil "returns" to its
initial Texturally Differentiated Order as a post-arable subtype of Soddy
Podzolic type. This example provides a four member continuum from
natural to anthropic soils. Two more members correspond to the reverse
evolution. This arrangement works well and one can follow it throughout
the classification system.
In some systems the basic classification unit is a member of a class
of the lowest taxonomie level, such as the soil series in Soil Taxonomy.
The properties of the conceptualized profile are evaluated against the
numerous limits accumulated from the classes in higher categories and
the soil is "keyed out" to find its correct placement. In this Russian
Classification a representative profile is evaluated for its diagnostic
horizons and features and the resulting profile formula can be "keyed
out" to find the appropriate Type or Subtype. Keys are expedient because
they are based on exclusion more than on inclusion, thereby letting one
rapidly eliminate most possibilities and concentrate on the few remaining
ones.
To enable more members of the geosphere to be systematically
identified and named, a scheme is proposed that recognizes properties of
artificially-constructed earth materials. Such non-soil bodies are called
Fabricats and several levels of organization are suggested for trial use in
mapping and description.
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The recognition of human-induced chemical contamination and
degradation of soils is increasingly important in the production of healthy
food, management of biodiversity, and providing sustainable ecosystems.
Different concentrations of toxic chemicals in the upper 30 cm layer can
be used for a major diagnostic horizon, X, and also for minor
modifications, x. Although not completed at present, it is suggested that
an Order of Chemodegrazems may be needed throughout the system.
The FAO legend, WRB, and ST have used "phases" to indicate properties
of interest to use and management that are not necessarily related to
particular kinds of soils, such as slope or stoniness. Chemical
contamination may be such a feature.
Nomenclature of soils and their features is a challenge for both a
Translator and an Editor. To make the names of Russian soils and their
combinations more familiar to Western taxonomists they decided after
long discussion and hesitations to violate some Russian traditions and
capitalize soil names, omit hyphens and change the traditional order of
adjectives in complicated constructions to name soils of intermediate
levels. Maybe, part of this experience will be helpful for integrating
Russian names into international discussion and use. Because the Type
name is important traditionally and also focuses on a high taxonomie
level, we have attempted to capitalize words of a Type. The subtype
modifiers precede now the Type name and are not capitalized. For
example; typical Podburs, gleyic Podburs, and typical Gley Podburs
represent two subtypes of Podburs and one subtype of Gley Podburs.
Together they form a drainage sequence from drier to wetter members.
We apologize for any naming inconsistencies that may occur.
It was not possible for me to be a "passive" Editor and I sincerely
thank L.L. Shishov, V.D. Tonkonogov, I.T Lebedeva, and M.I.
Gerasimova for their utmost patience in answering questions and
satisfying time and again my curiosity.
Richard W. Arnold
Senior Soil Scientist
USDA-NRCS
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Part 1. PRINCIPLES AND STRUCTURE OF SOIL
CLASSIFICATION SYSTEM
Chapter 1. PRINCIPLES OF SOIL CLASSIFICATION SYSTEM
Among the principles of the new system soil genesis is of
primary importance. The genesis principle comprises assumptions on the
mechanisms responsible for the development of a soil body by
combinations of environmental agents during the whole period of their
interaction, i.e. of soil formation. Application of this principle permits to
delineate the objects to be classified - soils, and to separate them from
"non-soils", namely, technogenic surface formations.
Soil is considered to be a system of interrelated horizons'
composing a genetic profile, which derives from the transformation of the
uppermost layer of the lithosphere by the integrity of soil-form ing agents.
Non-soils of both geologic and anthropogenic provenance, unlike soils,
do not have any systems of genetic horizons, they may be composed of
subhorizontal layers (sometimes resembling horizons) of various
composition, either deposited by geological mechanisms, or humanconstructed from mineral, organo-mineral and organic substrates.
The genesis principle serves a basis to specify soils by the
characteristics of their profiles - systems of horizons manifesting in their
properties the imprint of soil forming processes. Following this principle
provides the diagnostics for taxa directly by using soil characteristics
derived and maintained by pedogenesis. This substantive approach
distinguishes the new classification system from its predecessors and
other environmental-genetic or factor-genetic systems whose diagnostic
criteria are based on factors of soil formation.
The genetic principle enables us to classify natural and humanmodified soils in the same system without violating or changing its logic.
It permits the separation of the initial natural properties and secondary
human-induced properties, and also permits an assessment of the trends
and degree of anthropogenic transformations which determine the
taxonomie position of the soil. The application of genetic principles
provides the basis for specifying the diagnostic horizons and features,
control over their definitions, and ranking of their taxonomie priorities.
' Sometimes it may be one horizon with a gradual transition to the parent rock.
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The genetic principle permits to separate soils and non-sous. The
latter are perceived as individual objects in the continuum of superficial
formations. This is important in soil survey, specifically, in aridic
territories, or in cases when the land surfaces are subject to intense
erosion, catastrophic geological processes, or occur in strongly humanmodified landscapes.
Many aspects of former classification systems are preserved and
enlarged in this system. The traditional and universally accepted
knowledge, if not contradicting the substantive-genetic concepts, is
retained by the new system. In this way the historical principle is
implemented; it rejects, in particular, a drastic change, or violations of the
soil nomenclature without sound substantiation, so that users, pedologists,
and specialists in applied fields of natural science may efficiently use the
system. Thus, traditional nomenclature is mostly preserved, though the
landscape names were excluded or substitutions provided which are in
agreement with the logic of the system. This replacement of names is
explained by not regarding soil-forming agents as diagnostic elements,
since soils and not landscapes or ecosystems are the objects to classify.
However, there is an exception for some human-modified soils. Those
with extremely advanced profile transformations, and having no direct
analogs with natural soils received new artificial names in the
classification system.
The substantive approach for the selection and definition of
diagnostics along with the standard methods applied for assessing soil
properties provide unambiguous identification of soils. Thus, the
principle of reproducibility is proper for the system. This principle
enables soils to be recognized by their morphogenetic features and to
classify soils with similar properties in the same way irrespective of their
environmental occurrence or position in catenas or other types of
landforms. This principle replaces the idea of priority of environmental
criteria inherent to the former systems. The advantages of the
reproducibilit}' principle are evident in the applied issues - reclamation
projects, designing schemes of land use variants, either sustainable, or
landscape-oriented ones.
The new soil classification system is regarded as an open system,
which means the possibility to include recently discovered or newly
13

formed soils into the system witiiout any changes in its structure. This
principle is especially important for the placement of human-modified
soils, as the rapid anthropogenic evolution of the soil mantle requires
introduction of new soil bodies or other objects into the system at
different taxonomie levels.
77?^ hierarchy of the full classification system consists of 8
taxonomie levels, with bases of differentiation provided for each. For the
higher taxa, the differentiating criteria are more abstract than for the
lower levels. Soil properties are quantified at some lower levels.
The number of taxonomie levels (categories) and their essence
are compatible with those of the major world systems. The main
difference with the Russian predecessors is the addition of the two upper
levels.
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Chapter 2. SYSTEM OF TAXONOMIC UNITS
The soil TYPE remains a central taxonomie unit in the new
system, as in the former ones, and the system of lower-level taxa is
preserved. Nevertheless, in accordance with the priority of the substantive
principle and in order to identify pedogenetic entities in the world of soil
Types, two higher-level categories are introduced' TRUNK and ORDER.
They were first proposed by V. M. Fridland in 1982 and their essence and
major criteria have not changed since that time. Thus, the following
sequence of taxonomie categories comprises the hierarchy of the system:
trunk -> order -> type -^ subtype -> genus -> species -^ variety ->
phase.
TRUNK is the highest category and consists of soils whose
properties result from, or reflect, major differences in the combination of
soil forming processes with lithogenesis. The Organogenic trunk consists
of soils formed in accumulated organic materials (containing more than
35% of organic matter throughout the upper 50 cm) that have gradually
altered into specific parent materials. The depth requirement for soils
belonging to the Organogenic trunk: they should be deeper than 50 cm.
The Postlithogenic trunk consists of soils that have formed in
prior accumulated mineral parent rocks and are not significantly affected
by additional inputs of solid-phase material.
The Synlithogenic trunk consists of soils formed by simultaneous,
or periodic episodes of soil formation and lithogenesis whose effects are
easily recognized in the soil profile (e.g., alluvial and volcanic ash
layers).
ORDERS are groups of soils within a Trunk whose properties
result from, or reflect, major pedogenetic trends that are responsible for
the composition of the sola. Classes of the Order category are separated
on the basis of similar profile horizonation with emphasis on the specific
properties of the mid-profile horizons.
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TYPES are the traditional "central concept" taxonomie units^.
Classes of the Type category are separated within Order on the basis of a
particular system, or combination, of major diagnostic horizons. These
combinations result from the similarity of pedogenetic processes and
regimes. Properties of substratum (C horizon) usually have no diagnostic
importance.
SUBTYPES are soils within a Type whose additional properties
result from, or reflect, modifications of major soil forming processes and
soil evolution, either natural or anthropogenic. Classes of the Subtype
category are separated within the Type on the basis of combined or
superimposed modifications of diagnostic horizons, or the presence of
other specific soil features. Many modifications are interpreted as
transitions to other Types. Some soils are typical for the Type, some are
intergrades, and some are extragrades with features not diagnostic for
higher-level categories.
GENERA are soils within a Subtype whose properties result
from, or reflect processes affecting the exchange complex or salinity.
Classes of Genera within a Subtype are separated on the basis of the
composition of the exchange complex, or the chemical characteristics of
the salts.
SPECIES are soils within a Genus whose properties result from,
or reflect, the degree of development of soil features. Classes of Species
within a Genus are separated on the basis of degrees of expression of
diagnostic horizons and features recognized for Types, Subtypes and
Genera.
VARIETIES are soils within a Species whose properties resuh
from, or reflect, the nature of the mechanical composition. Classes of
Varieties within a Species are separated on the basis of particle size
distribution, and/or abundance of stones and rock fragments.

It is believed that soil units qualified as types in the majority of Russian
systems basically correspond to Great Soil Groups of American classification
systems (Transl.note).
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PHASES are soils within a Variety whose additional properties
result from, or reflect, the nature of the fine earth profile and its adjacent
material. Classes of Phases within a Variety are separated on the basis of
kinds of parent materials and/or underlying rocks, and thickness of the
fine earth profile.
The formation of soil names relies on the TYPE name and
modifiers associated with each lower category. To illustrate the hierarchy
and formation of soil names an example is given of a rather simple, wellknown soil, unambiguous in terms of genesis and properties.
-

RENDZINA:

T r u n k : POSTLITHOGENIC SOILS
Order
Type

ORGANO-ACCUMULATIVE SOILS
Rendzina

S u b t y p e Clay-illuvial Rendzina
G e n u s I^aclied clay-illuvial Rendzina
S p e c i e s Deep leached clay-illuvial Raidzina
V a r i e t y Loamy deep leaclied clay-illuvial Raidzina
P h a s e Loamy deep leached clay-illuvial Rendzina on marl
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Chapter 3. HUMAN-MODIFIED SOILS IN THE SYSTEM OF
TAXONOMIC UNITS
The taxonomie position of human-modified soils, presented for
the first time in the national soil classification system in such
prominence, requires special comment.
Soils transformed by human activities are considered in this
system as presenting specific stages in the natural-anthropogenic soil
evolution. They reflect changes in soil regimes, pedogenetic processes,
profile composition and soil properties at all stages of transformation.
The modifications are of different kinds, are manifested in different parts
of the profile, and depend as much on the intensity and\or duration of
impacts, as on the initial soil properties.
«^JiJiti
The taxonomie definition of anthropogenically modified soils
does not depend on the purposes and mechanisms of alterations, rather it
is based directly on their results, as evidenced by profile characteristics.
Soils subject to human impacts of varying intensity are classified
in the same system with the native soils, though artificial soils and
sediments - technogenic superficial formations (TSF) are excluded from
the soil classification system. Thus, the sequence of objects to classify
may be presented in the following way:
Natural Weakly modified Modified Anthropogenic
Soils f=^ soils
c=> soils ETC) soils

Technogenic
superficial

^y formations
Post-anthropogenic soils
Grouping of technogenic superficial formations is controlled by
other rules, and a new nomenclature has been proposed for them, which
is essentially different of that applied for soils (Part III).
All stages of anthropogenic transformations are considered in the
classification system at different hierarchical levels - orders, types and
subtypes. In accordance with the ideology of the system, i.e. priority of
substantive characteristics, soils with quite new ingredients of their
profiles, not encountered in natural soil bodies, are placed at higher levels
(Fig. 3-1). Lower - subtype level is provided for soils with insignificant
human-induced modifications, which may be similar to natural
phenomena. Such may be pedoturbations in the upper parts of topsoiis
19

caused either by loosening, planting of forest seedlings, or by tree
uprooting.
Partially transformed
topsoil with the
natural profile
basically preserved

Anthropogenicnatural subtypes
in natural types

•4

New horizon is
inserted in the horizon
sequence of natural
soils

New system of horizons

Figure 3-1. IVIajor elements of profile composition and taxonomie
level of human-modified soils.
The newly formed system of horizons in the solum starts most
frequently by a new homogeneous horizon formed by regular mixing of
the soil material along with the input of various organic and mineral
substances. Consequently, this horizon acquires a new arrangement of the
solid phase, chemical composition, and physical and biological
properties.
An agrogenically modified horizon is derived from the material
of the in situ natural topsoils often comprising more than one horizon. In
the case of strong erosion, the material of subsoil and even that of parent
rock may be incorporated into the new horizon. Moreover, agrogenic
horizons may evolve within human-deposited material. Hence, these
horizons may be diverse, though two of them are most common, namely,
the agro-light-humus horizon (PY) and agro-dark-humus horizon (PU) which correspond to the natural horizons (AY and AU).
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The profiles of human-transformed soils may acquire a new
system of horizons owing to direct or indirect impacts, such that these
new sola have no analogs among natural soils. In these cases humanmodified soils are classified in specific "anthropogenic" ORDERS, and
new names have been invented for these orders, (Fig. 3-2). iVIechanisms
of such prominent modifications are as follows:
• Intensive and continuous in situ homogeneization of the topsoil
resulting in the disappearance of its initial diagnostic characteristics;
these are Agrozems, Torfozems, Alluvial Agrozems, etc. Their
common property is the presence of the modified surface horizon
overlaying the remnants of the middle-profile horizon, or parent rock.
• Any kind of abrasion, which may be induced by various events, or
mechanical removal of the topsoil result in outcropping of the
subsoil. The latter may remain intact, or modified by plowing into an
agro-horizon, consequently, in the first case the soil is qualified for
an Abrazem, in the second - Agroabrazem.
• Purposeful, or casual accumulation of colluvium, infrequently being
humus-enriched, results in burying the profile of a natural soil. This
is the case of Stratozems, whose profiles evolve within the
accumulated deposit more than 40cm thick, or Agro-Stratozems, if
plowed.
• Prolonged flooding accompanied by mechanical pedoturbations of
the natural profile produces Aquazems, which comprise soils used for
rice growing.
Chemical pollution drastically changes only those properties of
soils that may be identified analytically, leaving soil morphology
unmodified versus the natural soils.
The definitions of human-modified soils at the TYPE level are
based on the same principles as definitions of natural soil types. Thus, the
newly formed system of horizons is the criterion for this level. These
soils do not resemble the profiles of native soils. They consist of soils that
have new human-made or human-modified horizons, and those inherited
from the initial soils.
The new topsoil in human-modified soil types replaces one or
more natural horizons, so it may be composed of a mixture of material,
sometimes translocated from the subsoil, parent rock, or humanintroduced material. The newly formed feature, hence, the taxonomie
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position of human - modified soil is also affected by the horizonation of
initial soils.
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Figure 3-2. Formation of soil profiles diagnostic
anthropogenic orders (example of Soddy Podzolic soil).
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If the anthropogenic impacts embrace the uppermost part of the
profile, and the underlying humus-accumulative, eluvial or other
diagnostic horizons remain intact, the human-modified soils are reliably
identified by their natural analogs. Such soils are classified in appropriate
agro-natural units.
In terms of taxonomy, they are placed in natural orders, together
with natural types as individual types (Fig. 3-1). Their names begin with
the prefix "Agro" combined with the name of a native soil that is similar
in major profile properties, e.g. Agro-Chernozem (Table 3-1).
It is worth emphasizing that the agro-natural soil type may be
either an agricultural analog of a specific native soil type, or it may resuh
from the modification of several native soil types (Fig. 3-3; 3-4). Thus,
Agro-Soddy Podzolic soils may originate by agrogenic modification of
either of two native soil types with a clay-differentiated profile - Podzolic
and Soddy Podzolic. Consequently, the order of clay-differentiated soils
contains types of Podzolic, Soddy Podzolic and Agro-Soddy Podzolic
soils. In other words, the type spectrum of agro-natural soils is not
identical to the systematic list of natural soil types.
Table 3-1. Nomenclature of human-modified soils as related to their
taxonomie level (with examples)
Degree of
modification
Weak

Order

Moderate

Strong

New name
(Agrozem)

Taxonomie level
Subtype
"Agrogenic" adjective in
native soil name (topturbated Chernozem)
Agro-soil (Agro"Agrogenic" adjective for
Solonetz)
modified soil (compacted
Agro-Chernozem)
New name +"natural"
adjective (Dark
Solonetzic Agrozem)
Type

Native soils with one organic horizon of small thickness are
transformed directly into Agrozems by agricultural reclamation whereas
the stage of agro-natural soils proves to be practically the only one for
soils with deep humus-accumulative, or organogenic horizons, since their
lower parts are not affected by tillage. Natural soils which are members
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of one order having a sequence of upper shallow genetic horizons
(Podburs, Podzols, Soddy Podzols) lose their differentiating diagnostic
properties in the course of formation of a homogeneous agrogenic
horizon and merge in one type (Al-Fe-humus Agrozems in this case).

AI-Fe-humus soils
Natural soils
Agro-natural soils Agrozems
Podburs
^
"^
Al-FePeat Podburs
'
^
I
humus
Podzols
A
p
Soddy Podzols
A
^
Texturally-differentiated soils
Natural soils
Agro-natural soils
Agrozems
exturallyPodzolic
differentiated
Soddy Podzolic
Gray
Humus-accumulative soils
Natural soils Agro-natural soils
Agrozems
Chernozems
CarbonateChestnut soils
accumulative

}

Alkaline clay-differentiated soils
Natural soils Agro-natural soils
Agrozems
Solod
Dark Solonetz
Light Solonetz

Solonetzic

_,
Organo-accumulative soils
Natural soils Agro-natural soils
Rendzlnas
Soddy soils

}

Agrozems
Agrozems
"sensu
stricto"

Figure 3-3. Examples of changes in the taxonomie position of
soils affected by agricultural activities.
If any initial diagnostic horizons are preserved, partially or
completely, below the human-modified layer (e.g. podzolic horizon of
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1
Podzols and Soddy Podzols), soils are defined as agronatural ones (type
of Agro-Soddy Podzols in the order of Al-Fe-humus soils). In conclusion,
it is worth repeating that agro-natural soils do not completely coincide
with their native analogs because the former may originate from several
initial soils.
SUBTYPES in human-modified soils are specified either by
qualitative characteristics of initial genetic horizons not affected by
human activities, or by manifestations of anthropogenic impacts.
Among such "natural" criteria for subtypes only those related to
the mid-profile horizons are of importance (subtypes of iron-illuvial and
humus-illuvial Agro-Soddy Podzols; solonetzic, mycelium- migrational
and other subtypes of Chernozems).
As for "anthropogenic" subtype diagnostic criteria, they are
recorded in the upper parts of the profiles, and may occur in a number of
agro-soils, i.e. the subtypes are rather universal. The following subtypes
may serve as examples: agroheterogenic (having fragments of initial
horizons in the topsoils due to tillage), agrogenically compacted,
prograded, along with the abraded and stratified, the two letter being
intergrades to Abrazems and Stratozems, respectively.

Order of Al—Fe-humus soils
Podbur
O-BHF-C

PodzolO-E-BHF-C

Soddy Podzol^
AY-E-BF-C
Order of Humus-accumulative
j soils
Chernozem
AU-BCA-Cca
Chestnut
soil
AU-BMK-BCA-Cca,s

Order of Alkaline claydifferentiated soils

Dark
Solonetz
AU-(EL)-BSNth-BCAth-Cca,s

Figure 3-4. Examples of changes in the combination of
diagnostic horizons in the sequence of soils modified by agriculture.
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Subtypes in the types of anthropogenic soils are identified by
botii natural and anthropogenic features.
Anthropogenic subtypes in the types o^ natural soils correspond
to the first stages of anthropogenic transformations manifested in a partial
re-arrangement of the upper horizons and the remaining integrity of the
initial soil profile. These are soils with a top-turbated horizon, or weak
superficial sedimentation, or weak to moderate chemical pollution. Such
soils are considered to be intergrades between the agro-natural and
natural soils.
The diversity of variants of soils displaying more or less
advanced human-induced modifications confirms the idea of continuum,
or a time+intensity sequence of transformed soils. This idea is illustrated
by an example of such a sequence for Soddy-Podzolic soils (Fig. 3-5).
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Figure 3-5. Variants of agrogenic modifications of a Soddy Podzolic soil.
In this way, the substantive-genetic principles implied in the
classification system enable one to reveal the specific properties of
human-modified soils for their identification following adequate and
direct criteria. This means that there is no need to reconstruct the initial
soil profile by indirect or subjective indices when looking for the
appropriate taxonomie position of a human-modified soil.
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Chapter 4. DIAGNOSTIC HORIZONS AND FEATURES
4.1. Concept and diagnostic functions
Soil horizons serve as a major instrument of implementing the
substantive-genetic principles of the new basic properties-derived
classification system. For this purpose, the concepts of genetic horizons
were formalized and updated.A more extensive sequence of horizons is
utilized as compared to the former system, and it is more in accordance
with the high diversity of soils. The set of criteria was re-assessed and
made less ambiguous to discriminate among the horizons in terms of their
physical, chemical and morphological properties. The existing ABC
sequence of soil horizons coined by Dokuchaev now seems to be
insufficiently complete and schematic despite the fact that the list of
horizons was enlarged and they acquired a genetic background in the
years after Dokuchaev.
Genetic horizons defined in the new classification system for the
purposes of soil diagnostics were first described as such in the Program
for the Soil Map of Russian Federation, scale 1:2.5 M initiated by V.M.
Fridland (1972). They were discussed from time to time by soil scientists
within the framework of the All-Russian Commission on soil
classification, and by soil surveyors.
Diagnostic horizons are genetic horizons specified by the
totality of their properties, which derive from soil-forming
processes. Among these properties the major ones are regarded as
diagnostic, that is, they are inherent to the "central image" of a
horizon and serve for differentiating among horizons. They may
be associated with descriptive (auxiliary) properties. The choice
of properties is controlled by pedogenetic concepts.
The combinations of horizons indicate the specific
character of soils at the type level in the taxonomie hierarchy,
thus, the major horizons were named ''typodiagnostic ".
Diagnostic features are additional characteristics of
diagnostic horizons refiecting processes acting in a diagnostic
horizon.
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The upper organic part of the soil profile may be composed of
several horizons displaying different degrees of decomposition of organic
residues, and\or stage of humification state. In this case, only one, the
deepest horizon is regarded as typodiagnostic, whereas other horizons in
this upper sequence (of smaller thickness and less conspicuous) are used
at a lower taxonomie level, mainly at the subtype level.
The identification of horizons is mainly based on qualitative
morphological and chemical criteria with flexible quantitative
boundaries. This latter approach is attributed to the perception of soil
mantle as a continuum and to the large amount of spatial variability of
soil properties.
Strict quantitative boundaries are accepted only in few
definitions, for example to discriminate among organic horizons. Another
case is the thickness required to be qualified a horizon and not a layer - it
should exceed 5 cm almost for all horizons, exceptions are mentioned in
corresponding definitions.
The names are given to typodiagnostic horizons in accordance
with the mechanisms and processes thought to be responsible for their
formation (solonetzic, metamorphic).
Symbols of horizons, used for the description of soil profiles and
in their formulas for taxonomie and other purposes, comprise capital and
small Latin letters (BTg).
Following the A-B-C tradition, the letter A is used to indicate
topsoils, while for the mid-profile horizons the letter B in various
combinations is assigned.
Combinations of master diagnostic horizons appear to be
insufficient to cover the diagnostics of all soil types known in Russia,
Thus, if the combination of environmental conditions is identical for
several soils, and the prerequisites for a corresponding system of master
horizons foiTnation are maintained, the intensity of induced pedogenetic
processes may vary and this effects the rate of horizons development. The
processes may also be superimposed, and, as a result, genetic horizons
are modified or supplemented with additional properties. Soils, as
combinations of horizons, acquire a number of properties, which do not
change the basic profile structure though they make it more intricate,
These combinations illustrate the diversity of intergrades along with
genetic relations between soils. In some cases, modifications of a
diagnostic horizon result from specific soil regimes, may be inherited, or
produced by human activities.
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Qualitative changes of soil horizons that do not conceal the main
diagnostic parameters required for identification of soil types are
considered at the subtype level as soil genetic features. They are
indicated by small Latin letters and added to the index of typodiagnostic
horizon. For example, the profile formula for the type of soddy podzolic
soil is AY-EL-BT-C, whereas for its subtype with the second humus
horizon it would be AY-EL[hh]-BT-C.
This systematization of typodiagnostic horizons and genetic
features applied as criteria for the central, or most representative taxa is
similar to the ideas of western classification systems: FAO, WRB, and
Soil Taxonomy. The compatibility of Russian diagnostic units with the
western diagnostic horizons and diagnostic properties is discussed in the
last Chapter of this book.
4.2. Broad groups of horizons and their genetic background

rdance
The proposed system of diagnostic elements has some specific
r their features derived from new ideas of the two last decades, discussion by the
members of the Inter-institutional Commission, and introduction of a
es and large block of human-modified soils, which required complementary
al and definitions.
The group of organic-enriched horizons is rather large in the new
idicate system. Organic horizons proper are differentiated by the initial
arious composition of plant residues and the state of their decay (Table 4-1).
Therefore, organic soils are more adequately subdivided in accordance
to be with their hydrological and heat regimes and amount of bases and
Lussia. nutrients. Among the humus-accumulativc horizons, light- and darkal for humus ones are now recognized.
naster
The former eluvial A2 horizon comprising genetically different
enetic formations is now subdivided into three horizons having distinct
t. The differentiating properties.There is a podzolic horizon resulting from
rizons removal of the products of acid hydrolysis of solids without conspicuous
Is, as changes in texture; a clay-eluvial horizon formed by the processes of
lo not eluviation of clay mineral degradation products and lessivage, so that the
•icate. horizon gets impoverished in clay; and a humus-eluvial horizon of a
with polygenetic nature inherent to Gray soils of the forest-steppe,
of a
Mid-profile horizons comprise a large group characterized by
ed, or pedogenic accumulation of organo-mineral compounds or clay, as well as

by metamorphism (alteration) of the mineral soil components. The
following issues are worthy of note:
• The former textural horizons are subdivided. Illuviation of clay is
recorded for all of them, though its manifestations and intensity are
different. Hence, clay accumulation features in the mid-profile
horizon relative to those in the eluvial part of the profile serve as
criteria to specify several horizons.
• A specific chestnut metamorphic horizon is introduced. It underlies a
humus-accumulative one (mostly the dark-humus horizon), and is
peculiar by its color and structure; it was formerly regarded as a
subhorizon of the humus profile of Chestnut soils.
• A new cryptogleyic horizon is proposed for hydromorphic
phenomena in alkaline or neutral media. Excessive moistening does
not result in distinct mobilization and removal of iron oxides, as
usually happens in humid acid environments where gley "sensu
stricto" is associated with bluish-gray or greenish-gray colors
testifying to reduction processes.
• The carbonate-accumulative horizon is regarded as an individual
horizon different of any other CaCOs-containig horizons or layers
displaying effervescence with hydrochloric acid. This horizon is
identified by a maximum in secondary carbonates, which have certain
morphological manifestations. It is regarded as an integral result of
solution migrations during a long time span and occurs in the middle
part of the profiles of soils in the forest-steppe and steppe zones.
Dark and light colored stratified horizons are introduced. They are
formed by long-term regular accumulation of mineral material on the soil
surface.
Quite specific and new are the human-modified topsoils, which
differ from their natural analogs by structural arrangement, composition,
hydraulic properties and elements of current regimes. Anthropogenic
impacts, mostly agrogenic, modify initial difference in natural soils, or
may induce the development of new properties in natural soils so that
human-modified horizons lacking natural analogs, have to be defined.
Consequently, the spectrum of human-modified surface horizons does not
coincide with that of natural ones.
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4.3. Diagnostic horizons - definitions
Natural horizons
E Podzolic. The podzolic horizon is whitish to white (lOYR 8/1, 8/2),
apedal or with an extremely weak structure. Is conspicuous (contrasting)
in the profile, and has an abrupt lower boundary. All particle size
fractions are impoverished in sesquioxides (or only in iron oxides) though
the texture does not differ significantly of that of the subsoil and parent
material (including clay content). May be less than 5 cm thick.
EL Eluvial. The eJuvial horizon is light in color (value >7, chroma <2.53); the most bleached in the profile, frequently has a grayish, pale pink or
brownish hue. The soil mass is arranged in subhorizontal peds (platy,
fine-platy, scaly, foliated structure), or it is apedal. If platy peds are
identified, there is a difference in color between the upper and lower ped
faces, the latter being usually darker. There are also morphochromatic
indications of iron oxides redistribution: fine ocherous, whitish, greenish
mottles, Fe-Mn segregations. There is an impoverishment in clay and iron
oxides compared to the underlying horizon. Humus content may be as
much as 1% (in very few cases 1.5%), and humus composition is
dominated by fuivic acids, whereas humic acids bound to calcium are
very scarce or absent.
AEL Humus-eluvial. The humus-eluvial horizon is light gray or gray,
the most bleached in the profile (lOYR 7/1, 6/1). It has fine blockysubangular structure parting unto crumbs and with a tendency to
horizontal stratification. The horizon contains less clay and iron oxides in
comparison with the underlying horizon, humus content is about 1-2%,
Humus content is about 1-2% with rather high amount of humic acids,
including the calcium humates (Cha/Cfa ratio is close to 1). The horizon
is typodiagnostic in case there is no eluvial (EL) horizon.
BHF Iron-humus-illuvial (AI-Fe-humus^). The horizon has distinct
iron-humus coatings on mineral grains or aggregates, and is enriched in
non-silicate sesquioxides and/or humus in comparison to the parent
Other variants of spelling are possible: Al-Fe-humus, or alfehumus
(Transl.note).
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material. In accordance with the dominating ingredients of the coatings,
the horizon may be dari< reddish brown (humus-iiluvial BH variant;
7.5YR 3/3—6), or ocherous-yellow (iron-illuviai BF; 7.5YR, lOYR,
value >6, chroma >6), or both (BHF) in cases when the transition is
gradual between the upper humus-enriched part and the lower one
dominated by iron oxides accumulations. Combination of BF and BH
properties in one horizon may be also encountered. Therefore, no
"typodiagnostic importance" is attributed to the modifications of the BHF
horizon, and they serve criteria only to specify subtypes of the Al-Fehumus soils.
Table 4-1. Properties of organic and humus-accumulative horizons of
native soils (Diagnostically important properties are emphasized by
boldface)
Properties
0
<10
>35

Thickness, cm
Content of organic matter, %
Content of humus, %
Humus composition*
Color (value)
Rate of OM decomposition, %
Dominant peat-forming plants
Ash content in peat, %
Mineral admixtures
Saturation by water
Additional features

Horizons
T
TJ
10-50
10-50
>35
>35

TR
10-50
>35

<45
Any

<45
Any

<45
Mesophytes

>30
+
±

+
Surficial

No gley
below

O Litter. Surface organic horizon 10 cm or less thick, that is composed
of plant and animal remains that have completely preserved or only
slightly decomposed. Organic matter is 35% by volume or more.
Amorphous organic material and mineral admixtures may be present. The
horizon is considered to be typodiagnostic if there is no other organic or
organo-mineral horizon in the profile.
T Peat. A surface, or near surface organic horizon composed of organic
materials that vary in composition and have different states of
32

decomposition witli less than 45% of strongly decomposed residues, of
any botanical composition. Organic matter makes up more than 35% by
volume. The thickness ranges within 10 cm to 50 cm; it is underlain by
any mineral or organo-mineral horizon. The horizon is saturated with
water most of the vegetative period .
TJ Dry Peat. A surface organic horizon composed of residues of
mesophytic plants having varying states of decomposition, but not than
45% is strongly decomposed. Organic matter is more that 35% by
volume. The thickness is less than 50 cm. The horizon is very seldom
saturated with water and is underlain by a non-gleyed mineral horizon.
TR Peat-mineral. A surface organic horizon, 10 to 50 cm thick,
composed of plant residues that are quite well decomposed, but not
exceeding 45% strongly decomposed; contains mineral clay and/or
TO
>50
>35

TE
>50
>35

<45
<45
Sphag- no Sphagnum
num
<10
>10

TJT
>50
>35

<45
Nonboggy

Horizons
H
AT
>5
>5
20-35
<35

<2
>45
Hydrophytes

<3

AY
>5

AU
>5

<4-6
h-f
>5

>4-6
f-h
<3

W
<5

+
+

+
No gley
below

•

±
Smeary
consistence

Strong
structure

Many
roots

h - humic; f-fulvic

Vegetation (or vegetative) period, or growing period, is defined as a period
with temperatures enabling the active development of plants, in temperate
climate such is a time period with mean day temperature >5''C . The duration
of the growing period is regarded as an important (agro)climatological
parameter {Traml.note).
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mineral lamellae of any origin and texture. The horizon is dark colored
and has a high ash content of more than 30% by weight, and has more
than 35% organic matter by volume. It may, or may not, be saturated with
water during most of the vegetative period.
TO Oligotrophic Peat, An organic sequence more than 50 cm thick
composed of Sphagnum residues of varying decomposition degree but
not more than 45% strongly decomposed. Organic matter is more than
35% by volume, ash content is less than 10% by weight. The horizon is
light in color, is strongly acid or acid. The horizon is saturated with water
during most of the vegetative period.
TE Eutrophic Peat. Organic sequence more than 50 cm composed of
residues of hydrophitic vegetation of any botanical composition;
however, Sphagnum mosses do not dominate. The amount of strongly
decomposed material is less than 45%) by volume but usually higher than
that in Oligotrophic peats. The horizon has a high ash content (>10% by
weight), the reaction is acid to neutral. The horizon is dark colored and is
saturated with water during most of the vegetative period.
TJT "Dry" Peaty. Organic sequence more than 50 cm thick composed
of mesophytic plants residues of varying decomposition degree but not
more than 45%) by volume is strongly decomposed. Organic matter is
more than 35%) by volume. The horizon is very seldom saturated with
water during the vegetative period and is commonly underlain by nongleyed mineral substrate.
H Mucky. A very dark brown to black (value <2) having sticky or
smeary consistence ("dirty fingers"), more than 5 cm thick and consists
of strongly decomposed plant residues (more than 45% by volume) that
have lost their initial tissue structures. Organic matter is between 20 and
35% by volume; most part of the vegetative period the horison is moist.
AT Raw-humus. A dark brown or dark reddish brown to black (value
<3, chroma 2-3) organic horizon more than 5 cm thick having a
heterogeneous (in composition and fabric) plant and animal remains of
various decomposition states mixed with mineral soil constituents.
Mineral grains usually lack coatings. All stages of organic residues
decomposition may be present starting from plant tissues preserving their
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anatomie fabric and ending with colloidal humus substances. Mostly
lacks structure, may contain unstable crumbs, and/or has a tendency to
horizontal stratification. The organic matter is less than 35% by volume,
and reaction values range from acid to neutral.
AY Light-humus. A surface organic-enriched horizon more than 5 cm
thick that is light-gray (value 5-7) or brownish gray (chroma < 2) in color
and has weak crumb structure. The humus content in the upper 10 cm is
usually less than 4-6% by weight; humus is fulvic or humic-fulvic in
composition^ The horizon may be saturated with bases, or not, and the
reaction may be acid or alkaline.
AU Dark-humus. A surface organic-enriched horizon more than 5 cm
thick that is gray to almost black with a brown or reddish brown hue
(value <5, chroma <3) and has a strong water-stable crumb or granular
structure. Earth worm casts are common. The humus is usually more than
4-6% by weight in the upper 10 cm; humus is fulvic-humic or humic in
composition. The horizon is base-saturated, the reaction is nearly neutral.
W Weak organic. A surface organic layer less than 5 cm thick that is
variable in composition, organic matter content, and decomposition of
residues but is dominated by living roots. The layer is typodiagnostic if
there is no other organic or organo-mineral horizon in the profile.
RY Light stratified. The light humus stratified horizon is more than 40
cm thick, has less than 3% humus and is light gray or gray, brown, beige

The composition of humus is characterized by the ratio of carbon of humic
acids (Ch.a.) to that of fulvic acids (Cf a.). H.A. are dark colored organic
substances extracted by alkaline solutions and precipitated by mineral acids at
pH 1-2; are composed of aromatic, heterocyclic and aliphatic groups, carbon
content ranges within 48-64% by weight. H.A. contribute to soil structural
stability, especially those bound to calcium that are dominating the spectrum of
H.A. in Chernozems.
F.A. are soluble in water and mineral acids, enriched in hydrocarbons and
contain 40-45% C by weight. The predominance of F. A. in the composition of
humus is responsible for soil acidity, light color and weak aggregation of the
soil mass. Podzols are soils with their humus dominated by fulvic acids
(Transl.note).
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or reddish-brown. The horizon has less homogeneous material, and more
distinct stratification than the dark stratified horizon.
RU Dark stratified. The dark stratified horizon is more than 40 cm
thick, it is dark gray or gray in color, and is composed of stratified,
sometimes aggregated material. There is a distinct tendency to horizontal
arrangement of peds, though it is not always visually recognizable, and
pedality is indistinct; platy structures are not prohibited. The horizon is
composed of weakly transformed monotonous humus-enriched material
that has been transported and deposited. The perception of these strata as
a genetic horizon may seem ambiguous. The content of humus exceeds 34%, it does not change with depth, or it may vary randomly with no
gradual decrease with depth.
BT Textural. The textural horizon is brown or reddish brown (value 4—
6, chroma >4), and has a compound subangular blocky and prismatic
structure. Ped faces are covered with abundant stratified illuviation
coatings, varying in composition: clay*", silt+clay, humus+clay, iron+clay,
hence, the ped faces are darker than the intrapedal mass. Dark coatings
are frequently overlain by light-colored sandy and silty bleached grains
("skeletans", or "whitish powdering"). The increase in clay is more than
1.4 times versus the overlying horizon, and it is accompanied by an
increase in total sesquioxides content.
BI Clay-illuvial. The clay-illuvial horizon is brown or reddish brown
(value 4-6, chroma > 4), has a compound subangular and prismatic
structure, in which ped faces are darker in color than the interior parts.
Being similar to the BT horizon in morphology, this horizon displays a
weaker clay accumulation: less than in 1.4 times as compared to the
overlying horizon. Illuviated material includes accumulative clay or
humus-clay coatings on ped faces. Bleached silt or sand grains
("skeletans", or "whitish powdering") may also occur.
BM Metamorphic. The methamorphic horizon is commonly brown,
ocherous or pale brown, or grayish brown. Has reddish hue (7.5YR),
higher chroma (> 4), higher content of clay and iron oxides than the
parent material. The horizon has a pedogenic structure consisting of fine
* Particles < I micron {Traml.note).
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crumbs, fine subangular blocks, and granules. Ped faces lack
accumulative coatings. The horizon has no distinct features of Al-Fehumus, clay-illuvial ortextural horizons.
BMK Chestnut metamorphic. The Chestnut metamorphic horizon is
brown with a rusty reddish (7.5YR) hue, and is conspicuous by its bright
color in the profile (value 4-5, chroma > 4). Its structure is strong and
specific: fine, vertically elongated prisms ("pencil-like") that easily part
into stable fine subangular blocks. Ped faces lack accumulative coatings.
The horizon usually contains carbonates, though carbonate neoformations
may be not identified in the profile (effervescence with hydrochloric acid,
carbonate-clay plasma). The horizon underlies a humus-accumulative
one. The humus content is 1.5-2%, the ratio of humic acids to fulvic
acids is close to 1.
BMF Pyric (Andic) illuvial-metamorphic. The andic illuvialmetamorphic horizon is bright ocherous, has a peculiar "caviar-like"
structure: simple (primary) water-.stable rounded aggregates 1-5 mm in
size that are coated with iron-organic films. The horizon's properties are
attributed to its pyroclastic substrate, which is proved by
pseudothixotropy (the sample becomes moist when kneaded), as well as
by low values of bulk density (<1 g/cm''). The content of non-silicate
(mostly amorphous) iron oxides is extremely high: 2-6%, that of
aluminum - 10-15%, silica - 4-7%. The content of fulvic humus
surpasses ]0%.
BCA Carbonate-accumulative. The carbonate-accumulative horizon's
color of pale or pale brown (chroma < 4, and value < 6) is inherited from
the parent material. The structure ranges from weak angular to moderate
subangular blocky and prismatic. The content of carbonates is the highest
as compared to other parts of the solum owing to accumulation of
pedogenically modified (secondary) carbonates. Most common are tubes
and veins (pseudomycelium), rather fine (up to 3 cm in diameter)
rounded "mealy" segregations ("beloglazka" - white eyes in Russian),
light-colored mottles.
BSN Solonetzic, The solonetzic horizon is dark reddish brown or dark
gray (value 4-3, chroma 3-4), compact, and has strong columnar or
blocky-prismatic structure parting to angular blocks of several sizes, the
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primary structural elements are presented by crumbs or fine angular
blocks; the structure is stable when dry and is lost by wetting. Ped faces
have thick and continuous lustrous dark humus-clay or clay coatings,
overlain by abundant whitish skeletans on the tops of columnar
aggregates. The horizon is enriched in clay relative to the overlying
horizon. Clay material is peptized, and a specific kinetics of swelling are
noted (step-like lag of swelling). The reaction is alkaline to strongly
alkaline. The content (and percentage) of exchangeable sodium varies in
a very broad range and is not regarded as a diagnostic criterion.
S Solonchakous. The solonchakous horizon is a surface horizon that has
more than 1% by weight of easily soluble salts in the upper 20 cm. Only
salt-tolerant plants - halophytes, survive on this horizon, which often
occurs as a salt-impregnated fine crust 0.5 to 2-4 cm thick, or as abundant
salt efflorescences.
SU Solonchakous dark-humus. Solonchakous horizon with the content
of dark colored humus more than 2%.
SY Solonchakous light-humus. Solonchakous horizon with the content
of lightcolored humus less than 2%.
SS Sulphidic. The mineral black or dark gray, and is frequently saline. It
has the odor of the hydrogen sulfide, iron sulfides are identified also. The
horizon occurs in soils at sea coasts, bottoms of dry lakes and along the
peripheries of salt lakes.
V Vertic. The vertic horizon is viscous and plastic when moist, very firm
(bulk density 1.3-1.6 g/cm), and fissured when dry. The soil mass is
separated by cracks and fissures into irregular or coarse prismatic or
polyhedric blocks. The slickensides are more than 30 cm long, and their
angles range within 10° to 60°, forming wedge-like structures. In
accordance with the humus content the color ranges from the olive-brown
to black, value being always less than 4. Clay content is above 30%, CEC
is high (40 cmol(+) kg"' and more), and the reaction is neutral or weakly
alkaline.
G Gleyic. The gleyic horizon has morphochromatic features of gley that
occupy as much as 80% of a vertical section. "Cold" colors predominate:
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olive-gray, greenish, or blue (hues: 5G, lOG, 5 BG, lOBG) with few local
rusty and ocherous mottles. The horizon lacks structure, and is weakly
porous. Prolonged periods of reductive conditions promote mobilization
and partial removal of iron compounds, and fme mottling indicates their
distribution within the horizon. The reaction may be acid to neutral. The
horizon is water-saturated for the major part of the vegetative period.
Q Cryptogleyic. The cryptogleyic horizon does not have common
morphochromatic features of gleying due to the presence of carbonates
and other more soluble salts. Colors are dominantly olive, dusky gray or
whitish gray (7.5Y, value 4-5, and low chroma). The structure is very
fme crumb and water-stable, or "quirk-like". Additional indications of
hydromorphism are: humus impregnation or tonguing, indurated
carbonate coatings along the large planes and in large pores, hard
concretions or nodules and marl-enriched soft segregations. The reaction
is neutral to weakly alkaline. The horizon is saturated with water during
the major part of the vegetative period.
F Nodular. The nodular horizon is ocherous or dark brown (color of
coffee). It is firm and cemented by iron oxides along with humus,
manganese, etc. Frequently it occurs as a continuous pan composed of
conglomerates or clusters of nodules, comprising more than half of the
horizon.
ML Marl-enriched ("meadow marl"). The marl-enriched horizon is
completely impregnated by carbonates, whose content is above 30%.
Colors are pinkish-beige-white, or grayish-white with brownish tint. It is
hard when dry. The horizon originates from carbonates accumulated from
the ground water - "hydrogenic"' accumulation.
KR Cryoturbated. The cryoturbated horizon is dusky-brown or grayish
brown, lacks structure; and has distinct evidences of cryogenic
distortions, such as translocation of large blocks of mineral and/or
organic soil material, irregular wedge-like or broken boundaries. The
horizon contains dispersed fragments of organic horizons, and\or very
The term is widely used in Russian soil science as derivative of
"hydromorphism", it implies - origin of a phenomenon, or property related to
ground or surface water table {Transl.note).
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dark carbonified organic residues. The reaction is nearly neutral. The
material is excessively moist, usually thixotropic, and is frozen during
part of the vegetative period.
Agrogenically transformed horizons
These horizons have been formed owing to regular plowing and to
other artificial displacements (mechanical turbations) of one or several
natural horizons, application of organic and mineral fertilizers, or other
chemicals. These human-modified horizons differ from their natural
analogs by the soil mass arrangement, and some physical and chemical
parameters.
PT Agro-peat. The horizon is dark, often very dark brown in color
(value 3-4, chroma 2-4), almost loose, homogenized. The rate of organic
matter decomposition is elevated (but does not exceed 45%). The organic
matter content is > 35% of the horizon mass. The horizon has a low water
capacity, is subject to depletion and subsidence, which rate depends on
land use type. Is formed of the material of natural peat horizons after
artificial drainage and reclamation.
PAT Agro-peat-mineral. The horizon has a dark color, is homogenous
with mineral admixtures, friable, with weak crumb structure. The organic
matter content is < 35% of the horizon mass. The horizon is formed of the
material of natural peat soils, or agro-peat horizon in the course of
farming practices comprising application of sand, clay, mineral fertilizers,
liming. The development of the horizon is also promoted by gradual
involvement by plowing of the upper part of the underlying mineral
horizons.
PY Agro-Iight-humus. The color of the horizon is light gray to gray
(value 5-7, chroma < 2), homogenous, weak unstable structure: clods and
crumbs are identified within the apedal material, their proportion varies
considerably. The plowpan is a common ingredient of the horizon, it is
compact and weakly water permeable, has horizontal stratification, MnFe segregations are frequent. The upper limit for the humus content is 33.5%; humus is fulvic or humic-fulvic in composition. The reaction may
be either acid, so alkaline. The horizon may be further subdivided into
layers by consistence and compaction, ft may derive from a light-humus
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or light stratified horizons, or result from mixing (with subsequent
homogenization) of any organic, podzolic or eluvial horizons; the
inclusions of material from the mid-profile horizons are not impossible.
PU Agro-dark-humus. The horizon is dark gray, homogenous (value 3 4, chroma < 3). The structure is coarse and rigid, though weak, with
angular clods and crumbs and few coprolites. The plowpan is very
common, it is compact and separated by cracks into angular fragments.
The content of humus is above 3%, and its composition is mainly humic.
Weakly acid to alkaline reaction. The horizon is usually formed by
plowing of the natural dark-humus horizon, as well as of peat, dark
stratified horizons, very rare are the cases of the light-humus horizon
progradation.
PB (PC) Postabrasive. The color of the horizon is dominated by brown,
reddish-brown, pale-beige and the like hues (10 YR value > 5, chroma 3 6), homogeneous. Structure is absent, or angular fragments are identified.
When moist, easily subject to slacking with subsequent sealing. Humus
content is below 1.5%. The horizon originates by modification of middleprofile horizons or parent material in abraded (wind- or water-eroded)
soils.
X Chemically polluted. Any horizon(s) within the upper 30 cm layer
containing any chemical pollutant(s) in concentrations far above the
accepted permissible levels .
4.4. Diagnostic features - definitions
In terms of origin, genetic features, or diagnostic indices may be
subdivided into three groups. The largest group comprises natural
features, which correspond to modifications of genetic horizons
arrangement, physical and chemical properties. These modifications are
produced by superposition of mechanisms responsible for horizon
development, specific characteristics of present-day soil regimes, or are
inherited from the earlier pedogenesis.

Permissible levels for individual pollutants (bulk concentrations and mobile
forms) may be found in a number of Reference books published by Federal
environmental control agencies for different media. At the present moment
they are not ready to be used for soil classification purposes {Transl.note).
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The second group embraces peculiar human-produced features in
horizons, which were formerly natural; features of the second group are
not encountered in natural soils.
The third group is composite: some features are of natural
provenance, manifesting rather unusual ways of soil formation or its
changes, a lesser number of features are produced by humans. There are,
however, features that may be caused by either natural, or human
(agrogenic) impacts, and it is not always possible (and reasonable) to
look for the event having produced them.
It is worth reminding that genetic, or diagnostic, features have a
definite taxonomie function: they are regarded as criteria to specify
subtypes within types.
Small Latin letters are used to designate features, some of them are the
same as for horizons (if the set of diagnostic criteria is sufficient only for
a feature, and not for a horizon), others are traditional for some properties
or invented. Presumably, the system of symbols is open (Table 4-2).
Table 4-2. Groups of diagnostic features and their connotation
Natural features
Analogous to
horizons
e- eluvial
hf- Al-Fe- humus
a n - ochric
(andic)
t - textural
s- saline
sn- solonetzic
V- vertic
g- gleyic
q- cryptogleyic
ml- marled
m- metamorphic

Results of specific
regimes
i- tonguing
th- clay+humus
illuviation
ff- pseudofibres

Natural-anthropogenic
features
t r - top-turbated
0- organic
material
c- mineral
admixture in
peat

fn- ironpan
nn- Fe nodules
r - mineral rock
deposited in
kt~ takyric crust
peat
ox- oxidation
bn- beloglazka
r h - humus-ennodules
riched mineral
rock on soil
mg- migrational
surface
carbonates
w - weak organic
mc- carbonate
•'' unusual natumycelium
ral chemicals
Inherited (paleo) features [hh] the second humus horizon
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Anthropogenic
features
h r - topsoil
heterogeneity
d- density

a b - abrasion
hi- humus
illuviation
r t - deposition
(nontoxic)
r r - deposition
(toxic)
X- chemical
pollution
pa- post-arable

Natural features
an Bright ocherous color owing to iron-humus coatings on grains or
aggregates. The color is attributed to high content of amorphous iron
oxides (1.5-3%), aluminum oxides (2-6%) and humus (2-5%)). These
properties are related to the periodical input of tephric material in the
zone of weak volcanic cinder deposition. Reason for specifying ocherous
subtypes within Podbur and Podzol types.
bn Powdery rounded segregations of calcium carbonates, 0.5-3 cm in
diameter, folk name "beloglazka", translated as "white eye". Occur in the
BCA horizon of steppe Chernozems, Chestnut soils. Brown arid soils and
Solonetzes. The feature is obligatory for segregationary subtypes as
discriminating them with the micellary ones.
ca Occurrence of diffuse carbonates in a mineral horizon, they do not
form morphologically distinct pedofeatures, and are identified by
effervescence with 10% HCl.
e Bleached lenses or mottles, or bleached (coating-free) sand and silt
grains in the horizons of the upper part of the soil profile. Grains are
either dispersed in the horizon producing the effect of white powdering,
or "of salt and pepper" (skeletans, "siliceous powder") on ped faces.
Reason for specifying podzolized and solodized subtypes within mani
types.
ff Ocherous-yellow or brown-yellow compacted sinuous thin (<1 cm)
lamellae, cemented by iron oxides (may be cut by a knife when moist and
are more or less brittle when dry). They occur usually in soils on finely
stratified sands, and function as a periodical moisture-confining layer;
their common name is pseudofibers. Reason for specifying subtypes of
pseudofibric soils on sands in humid environment.
fn Iron or humus and iron-cemented local neoformations; their folk name
- "rudiak", translated as ironpan. Hard lenses or layers, ocherous or dark
coffee-brown, compose less than 50%) of the horizon's volume. Reason
for specifying ferruginated subtypes within the orders of Al-Fe-humus,
Texturally differentiated and Alluvial soils in case of high ground water
table.
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g Bluish, whitish-gray-bluish and ocherous-rusty mottles (less than 80%
of the area of the vertical section), nodules and segregations testifying to
iron oxides redistribution enhanced by periodical water logging. Reason
for specifying subtypes of gleyic subtypes in "non-gley" soils.
hf or (fh) Evidences of iron-organic substances accumulation identified
by weak yellowish, yellowish-ocherous, or yellow dark brown color
inherent as to the whole horizon, so to its separate fragments. The color is
due to iron or iron-organic, in varying proportions, films or coatings on
mineral grains. Since the color is determined by the predominance either
of iron or organic substances in the coatings composition, the horizon
may be characterized by the symbols fh or hf, respectively. Reason for
specifying iron-illuvial and\or humus-illuvial subtypes in soils without
the Al-Fe-humus BHF horizon.
[hh] "The second humus horizon" within the eluvial, or B horizons,
either continuous, or in the form of lenses, rarely as wedges. In soils with
the light-humus horizon is identified by a darker color. Is regarded as
inherited from the earlier stages of pedogenesis. Has a strong structure,
sometimes with distinct features of the enclosing horizon structure
(angular fine blocky, lenticular, etc.). The aggregates are heterogeneous
in color: their faces are dark gray to black, while the interiors are brown.
Whitish skeletans are infrequent on ped faces. The proportion of humic
acids is higher versus the above A horizon, whereas the content of humus
may remain the same or be lower.
i Deeply penetrating narrow glosses or tongues from the topsoil into the
middle-profile horizons (textural, clay-illuvial, carbonate-accumulative,
etc.). They are composed of the topsoil material: bleached and lighttextured in texturally-differentiated soils, dark up to black and humusenriched in the humus-accumulative soils. Reason for specifying glossic
subtypes.
kt Light colored smooth clay crust on the open soil surface; the the crust
reaches 0.5 cm in thickness, is divided into polygons by desiccation
cracks. Reason for specifying takyric subtypes for halomorphic and
Brown arid soils.
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m Evidences of pedogenic structural arrangement and\or chemical and
mineralogical transformations of the parent material. They are identified
by changes in the initial color, and, sometimes, of particle-size
composition of the mineral mass. Reason for specifying metamorphic
subtypes within many types.
mc White or yellowish veins or tubes composed of secondary carbonates
concentration around macrovoids (pseudomycelium). Is diagnostic for the
carbonate-accumulative horizon (BCA) of mycellary subtypes of
Chernozems.
mg Migrational forms of calcium carbonates occurring as filaments,
efflorescences or fine coatings on ped faces. Are common in the humusaccumulative or transitional horizons. Is diagnostic for the migrationalsegregationary subtype of Chernozems in combination with
segregationary forms of carbonates in the BCA horizon.
ml Intensive carbonate impregnation, continuous, or in the form of large
mottles, lenses, layers. Whitish pale beige in color, content of carbonates
is above 10%. Reason for specifying marled subtypes formed with high
table of ground water enriched in carbonates.
nn Coarse (> 1 mm) rounded iron and iron-manganic nodules in the lightcolored eluvial horizon, their abundance being 10-12% of the horizon
material by weight, and they contain more than 50% of the total Fe203
Reason for specifying bleached-segregationary subtypes among the
Texturally differentiated soils.
q Olive, dusky-gray mottles along with carbonate nodules, segregations
and impregnations. Reason for specifying subtypes of cryptogleyic soils
with deep humus accumulative horizons.
s Easily soluble salts in any horizon of the profile, within 1 m depth, their
concentration is exceeding the toxic level for medium-salt-tolerable crops
(>0.1-0.2% toxic salts). The upper limit of salt concentration may be
high everywhere, except for the 0-20 cm layer where it should not be
more than 1%. Reason for specifying subtypes of saline soils in many soil
types.
45

sn Morphological evidences of solonetzic properties as a trend to
prismatic or columnar structure, compaction and dark color, lustrous
coatings on ped faces, usually more dark than the ped interiors. Reason
for specifying the solonetzic subtypes within some types.
t Fine and\or fragmentary clay, clay-organic, iron-clay accumulative
fdms on pore walls and ped faces testifying to weak or local clay
translocation. Reason for specifying the clay-illuvial subtypes within
some types.
th Abundant humus-clay shining coatings on the faces of aggregates of
different levels in the textural or carbonate-accumulative horizons.
Reason for specifying the humus-clay-illuvial subtype in the type of
Solonetzic Aagroabrazems.
V Features related to soil mass deformations induced by shrink-swell
processes, these are few small slickensides, their sliding surfaces being 1
to 30 cm long, Assuring, elevated firmness when dry and viscosity of
moist soil. Reason for specifying the vertic subtypes within some types.
w Abundance of living roots (of natural vegetation) in the uppermost part
of the agrogenically transformed horizon, frequently accompanied by an
increase in the content of humus and improvement of structure (crumbs,
granules) as compared to the underlying part of the horizon. Reason for
specifying the "regraded" subtypes.
Natural-anthropogenic features
c Mineral admixtures to peat, either evenly distributed, or occurring as
individual lenses. The organic matter content should exceed 35% of the
horizon volume. Reason for specifying peat-mineral subtypes within
some Peat soils and all Agro-peat ones.
o Organic muck material of smeary consistence distributed within the
peat or humus horizon, or localized as a thin (< 10 cm) layer on their
surface (in the peat horizon this thin layer may occur at its bottom).
Reason for specifying mucky-peat subtypes within some types of peat
soils and all types of agro-peat soils as well as mucky-humus subtypes in
some Humus-gley soil types.
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ox Predominance of ocherous-rusty mottles in gley iiorizons witli bluishgray color. Reason for specifying oxidized-gley subtypes mainly in
artificially drained agrogenically modified initially gley soils.
r Natural mineral material, poor in humus (< 1% by weight)
superimposed on the soil surface; less than 40 cm in depth. Reason for
specifying stratified subtypes within many soil types.
rh Humus-enriched material (> 1-2% by weight) not deeper than 40 cm
on the soil surface. Reason for specifying humus-stratified subtypes
within many soil types.
tr Initial stages of mechanical distortion of the upper part of the organomineral solum by primary tillage or other effects on the natural sequence
of horizons. Is composed of large and well-preserved blocks of soil
horizons easily discernible by color, consistence and composition.
Similar modifications may derive from natural mechanism - tree
uprooting, burrowing by fauna, etc. Reason for specifying top-turbated
subtypes within the types of natural soils.
Anthropogenic features
ab Brown, reddish brown, beige or very high-value color of the upper
anthropogenically modified horizon, although the color requirements are
insufficient to identify the post-abraded horizon. Humus content should
be not lower than 1.5%.
d Occurrence of coarse angular blocky structure and cracking (when dry)
in the agrogenically modified topsoil, along with strong compaction: the
bulk density values exceed the optimal ones. Reason for specifying
agrogenically compacted subtypes in any of the human-affected soils.
hi Distinct enrichment in humus, either continuous, or as tongues and
agricutans, in the subarable horizon where this humus or clay-humus
substances get accumulated after being removed from the plow horizon.
This feature results of long-term cultivation of soil comprising
application of high doses of organic fertilizers. Reason for specifying
agro-prograded subtypes in strongly modified soils (Agrozems).
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hr Occurrence of the fragments of one or several natural horizons within
the agrogenically modified topsoil; the fragments make up more than a
quarter of the vertical section area. Reason for specifying agroheterogenic
subtypes within various types of agro-soils.
pa Occurrence of a layer with residual evidences of former tillage below
the present-day humus-accumulative horizon. These evidences comprise
homogeneity in color and consistence, weak unstable structure
(aggregates of any unrecognizable shape), unusually even lower
boundary of the former arable horizon. Reason to specify post-agrogenic
subtypes in the types of natural soils.
rr Artificial non-toxic sediment on the soil surface; its depth is less than
40 cm. Used for arti-stratified soils.
rt Shallow (< 10 cm) toxic sediment (sulfide-containing rock material,
urban or industrial wastes) on the soil surface. Used for toxi-stratifled
soils.
X Chemical pollutants in any horizon within the upper 30 cm layer, their
amount being higher than their clarke (or background) values, but lower
than "very dangerous" as defined by permissible concentrations. May be
applied to any soil, or non-soil (except for soil with the chemically
polluted master horizon - X).
a Accumulation of chemical elements or compounds, which arc not
pollutants, and occur in natural soils. They are specified only in cases
when they are incompatible with the genesis of a horizon. Used together
with the index of a natural feature. A good example is the input of salts
with boring solutions (in the course of oil mining) to soils of humid
environments.
4.5. Other symbols used in soil profile formulas
C Non-consolidated parent material similar in texture and mineralogy to
that of the soil, but is hardly changed by pedogenesis. No indications of
diagnostic horizons are recorded; however, weathering phenomena are
not excluded in this material, as well as salt accumulation, or gley; they
occur beyond the zone of conspicuous biological activity.
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M Hard parent lock, on whose weathermg products (saprolite) the soil
profile is being formed
D Underlying rock, substitutes the parent rock in the subsoil and is
composed of material strongly different in mineralogy and particle-size
distribution
When the soil is formed on lithologically discontinuous material, where
each layer after the first, is indicated by a Roman numeral
For parent materials of soils qualified as synlithogenic the following
symbols are added to the parent rock index
Symbol
~~
"
AA
""

Example
Stratified alluvium
Stratified volcanic cinders
Stiatified proluvium'
Stratified aeolian sediments

C"
lAA

Information presented in this chapter may be summarized in Table 4-3
If the horizon may be either present in the piofile, oi not, and has
no diagnostic importance, its index is put in parenthesis AY-E-(EBT) BT-C Horizons, which fragments became ingredients of the mixed
(turbated) topsoil, or of the agroheterogenic hoiizon, are put in squaie
brackets [0+E+BHF]tr-BHF-C Brace brackets ai e applied for horizons
or other elements of the profile enclosed in a stratified material, which
originated by regular sedimentation of mineral material AT-BH{A,BMF,C} This is a foimula foi a Volcanic soil

' Proluvium is defined as terngenic accumulations of the mouth parts of
erosional valleys cut by temporal flows, proluvium is composed of the hard
rocks decomposition products Proluvium is the main ingredient of outwash
fans deposits of blind deltas are sometimes qualified for proluvium (Concise
dictionary of physicogeogiaphicdl teims, Moscow, 1980)
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Table 4-3. Typodiagnostic horizons and genetic features
DEFINITIONS
HORIZONS are specified by the
integrity of properties (not strictly
quantified) produced by soilforming processes
FUNCTIONS
Definition of types

FEATURES - qualitative
characteristics of diagnostic
horizons not affecting their
major diagnostic parameters
Definition of subtypes

DESIGN ATIONS&TERMINOLOGY
Capitalized Latin letters
Indicating processes (properties):
AU, EL, BT...
Examples:
Dark-humus, eluvial, textural
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Lowercase Latin letters
Indicating processes or
properties:
g, i,tr...
Examples:
Gleyic, glossic, top-turbated

Chapter 5. COMMENTS ABOUT THE DIAGNOSTICS OF
ORDERS, TYPES AND SUBTYPES OF SOILS
ORDERS
At the order taxonomie level the manifestation of pedogenic
processes is revealed in the composition of the soil profde, with priority
usually given to one horizon. It may be a middle-profile horizon, a
humus-accumulative one, or even an upper organogenic one. For
example, soils of the order of Texturally-differentiated have well
expressed horizonation and an eluvial horizon; the profiles of soils of the
Gleyzems order are dominated by a gley horizon, etc. For soils of the
Organo-accumulative order have simple profiles consisting of an organic
or humus-accumulative horizon with a gradual boundary to the
underlying parent material. Any distinct genetically interpreted middleprofile horizon is absent in these soils.
There are 25 orders in the classification system: 17 in the trunk of
Post-lithogenic soils, 5 in the Synlithogenic trunk and 2 orders in the
Organogenic'" trunk". Most general criteria to identify some orders are
presented in Table 5.1, these may be the presence (or absence) of a
certain typodiagnostic horizon, in most cases of the mid-profile one.
TYPES
The profile-genetic principle of the classification system is
realized most clearly at the type level, where soils have unique systems of
genetic horizons. For example, soils of the Chernozem type have the
common property of a base-saturated dark humus horizon with mull
characteristics and high biological activity. The Chernozem type is
further identified by the presence of a carbonate-accumulative horizon
merging with depth into the calcareous parent material that has a lower
content of secondary carbonates than the carbonate-accumulative
horizon. The Clay-illuvial Chernozem type within the same order has the
same topsoil followed by a carbonate-free clay-illuvial horizon.

The term "Organogenic" (not "Organic") was left for the trunk, while
"Organic" was assigned to soils (Transl.note).
At present the order of chemodegrazems may be found in any of the trunks,
however, the diagnostics of these soils and their taxonomie position are
regarded as preliminary.
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The priority of horizon composition of the profile for the
diagnostics of soil types is illustrated by the order of Al-Fe-humus soils,
where soil types are specified by combinations of various surface organic
and lower horizons, while the mid-profile Al-Fe-humus horizon remains
practically the same. It is worth remembering that this horizon serves a
diagnostic criterion for the order (Table 5.1).
Table 5.1. Some orders and their diagnostic horizons
Horizons
Gleyic (without
dark-humus)
Cryotiirbated

Orders
Halomorphic

Horizons
Solonchakous

Lithozems

Al-Fe-humus soils

Iron-humusilluvial

Abrazems

Texturallydifferentiated
soils

Textural + eluvial Alkaline claydifferentiated
soils

Weak organic on
hard rock
No surface
diagnostic
horizons
Solonetzic

Metamor-phic
soils

Metamorphic

Volcanic soils

Ochric metamorphic-illuvial

Humusaccumulative soils

Dark-humus

Organoaccumulalive
soils

Svetlozems

Eluvial with-out
textural
Stratified

Peat soils

Organic, darkand light- humus,
no mid-profile
horizons
Any horizon of
peat
Agropeat horizon

Orders
Gleyzems
Cryozems

Stratozems

Agropeal soils

A combination of diagnostic horizons determines the formula of
the soil type profile, written by Latin capitals (indications of horizons);
for example, the formula for the Podbur is 0-BHF-C and it is AY-EBHF-G for the Soddy Gley Podzol (Table 5-2). As additional examples
the profile formulas for Soddy Podzolic and Soddy Gley Podzolic soils
are presented by: AY-EL-BT-C and AY-ELg-BTg-G, respectively.
"The substitution" of the C horizon by the G (gleyic) one is diagnostic for
the type; however, the occurrence of weak gley features (g index) in the
textural and eluvial horizons of the Soddy Gley Podzolic soil is common,
although has no diagnostic importance.
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Table 5-2. Combinations of horizons as criteria to subdivide the order of
Al-Fe-humus soils into types.
Mineral
horizons
BHF or BF
BHF+E
BHF+G

BHF+E+G

Organic and humus-accumulative horizons
T
0
TJ
Podburs
Dry Peaty
Podburs
Dry Peaty
Podzols
Podzols
Gley Podburs
Peat Gley
Podburs
Gley Podzols

Peat Gley
Podzols

AY
Soddy Al-Fehumus soils
Soddy
Podzols
Soddy Al-Fehumus Gley
soils
Soddy Gley
Podzols

SUBTYPES
The majority of soil types contain many subtypes owing to the abundance
of criteria for specifying subtypes and possibility to combine them easily.
In accordance with the criteria applied, the subtypes obtained may be
characterized or described in the following way:
• Typical - corresponds to the central image of the type. Their profile
formula repeats that of the type, and additional indices (for diagnostic
features) are absent;
• Intergrades - correspond to diverse transitional soils between types
or orders, and indicate the genetic bonds between soils. Diagnostic
features are identified in the profile as weakly expressed
characteristics of diagnostic horizons, which are insufficient to
qualify as a new typodiagnostic horizon, for example, solonetzic,
and gleyic subtypes in a number of soil types;
• Regime - indicates specific features of horizons related to the
modifications of hydrothermic regimes and/or migration of
substances {carbonate-segregeationary Chernozems, humus-illuvial
Podzols);
• Evolutionary - indicates some features of the natural or
anthropogenic evolution (such as the second humus horizon,
agroheterogenic, andpostarable horizons). Among the humanmodified subtypes there are "universals" that may occur within any
soil unit {polluted by chemicals, abraded, stratified).
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The typical, or "central image" subtypes are identified in most
types. The spectrum of horizons is the same as required for the type, no
modifications of horizons are recorded. Rather common are intergrades
between types within the order, or between orders; for example, the
podzolized Clay-illuvial Chernozem subtype
of the Clay-illuvial
Chernozem type is an intergrade to the Gray soil type in the order of
Texturally-differentiated soils. Gleyic subtypes, frequent in many types
are intergrades to the gley types within the same order (subtype of gleyic
Solod is an intergrade to the type "Peaty Gley Solod").
Some subtypes are specific to a few soil types. Such are the
subtypes, whose properties derive from specific hydrothermic regimes,
like the chernozemic subtypes with different forms of secondary
carbonates. The effect of a high ground water table is manifested in
subarid regions against the background of calcareous and saline parent
rocks in the formation of cryptogleyic or marled subtypes. Glossic
subtypes are inherent to three orders of natural soils: Texturally
differentiated, Al-Fe-humus and humus-accumulative soils, and to the
corresponding Agrozems which originate from these soils.
In many soils that were formerly plowed and later on overgrown
with quasi-natural vegetation, remnants of the former arable horizon
beneath the newly formed one are recognizable by an even boundary at a
depth of 15-20 cm and a difference in structure. These residual features
are known to be preserved a long time - more than a century in some
Soddy Podzolic soils. In soils with the dark humus horizon (Chernozems)
traces of former plowing may be identified by the difference in structure:
shape, size of aggregates and pedality. Consequently, reliable remnants of
former plowing in a soil under quasi-natural community is sufficient
evidence to specify \ht post-arable subtypes within types of natural soils.
At the first stages of the overgrowth of a layland (or managed hayland)
by natural vegetation, a shallow weakly developed humus horizon is
usually formed in the uppermost part of the prior plowed layer. It is
darker in color, has a stronger structure, is inhabited by soil animals and
roots, and serves as evidence of a regraded subtype. The evolutionary
sequence as evidenced by the profile composition was presented in
Chapters, Fig. 3-5).
The properties of a number of subtypes may originate either from
human activities or natural phenomena. These are the subtypes of
stratified or humus-enriched stratified soils. Their diagnostic
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characteristic is a stratified deposit less than 40 cm in thickness with a
content of humus less than and more than 1%, respectively.
Accumulation of the deposit may be the result of accelerated
anthropogenic erosion, or of natural events related to geomorphic erosion
cycles. Contrary to the stratified subtypes, the development of abraded
ones is possible due to water erosion, deflation or artificial truncation of
the topsoil. The top-turbated subtypes may also occur in both natural and
agricultural soils. Strong compaction of agricultural soils by field
machines is noted by the introduction of agrogenically compacted
subtypes within some types of agro-soils.
The soil profile of any type may display a combination of genetic
and evolutionary features. For these complicated subtypes, the name is
composed of two or more subtype modifiers. For example, it is possible
to designate such soils as: iron-illuvial pseudofibric Gley Podzol, or
solonetzic agrogenically compacted segregationary Chernozem. The
order of the adjectives has no great importance, at least now.
Nevertheless, traditionally it is used to start with "natural" adjectives,
indicating some superimposed natural mechanism, then the subtype name
indicative of hydromorphism follows, and uhimately the human-modified
feature is enumerated.
As for the profile formulas of subtypes, they are composed of the
main (type-level) sequence of Latin capitals supplemented with small
Latin letters indicating the superimposed weak development of a horizon
property, or any other diagnostic feature. Thus, in the above-mentioned
examples of subtypes of glossic and post-arable Soddy Podzolic soils, the
profile formulas will be: AY-El-BTi-C and AY-Elpa-BT-C.
The subtypes, both simple and complicated, may be regarded as a
"point of growth" of the classification system, and as a means to realize
the principle of an open system, because with new information available,
or re-evaluation of the existing data, the number and kind of subtypes
may change. Presumably, the most "dynamic" subtypes will be those in
anthropogenically modified and anthropogenic soils because new
knowledge about them may require the introduction of new diagnostic
features.
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P a r t 2 DIAGNOSTICS OF SOILS - ORDERS,
TYPES, SUBTYPES
INTRODUCTION
Characteristics of soil orders are presented in this part and within
orders the soil types and subtypes are described. The major diagnostic
horizons and properties common to all soils of an order and pedogenetic
processes are indicated first, then soil types as basic units of the
classification system are presented. Where surface horizons are listed as a
double name with one in parens, such as (agro) peat, it means that it may
be either a peat or an agro-peat horizon.
The description of soil types is based on their "profile formulas"
that is, a system of diagnostic horizons. Some individual properties of
horizons proper to a soil type are emphasized along with some peculiar
features in the profiles. The ranges of possible variations of horizon
properties within each type unit are mentioned. The horizonation of a
type profile is interpreted in terms of processes and mechanisms
responsible for its development, in particular, the contribution of soil
hydrothermic regimes is discussed.
Much information concerning types and subtypes is given in
tables. The tables for almost all orders have two entries: the horizontal
axes present the soil types in the order, the vertical ones comprise the lists
of diagnostic features (with indices) responsible for specifying simple
subtypes, which are most common'" for the order. On the intersections,
i.e. in the cells of the table, the presence of subtypes is indicated (by +).
Comments about the tables concerning subtypes are rather brief,
concentrating the attention of the reader on some particular properties of
subtypes.

'^It should be noted that the list of subtypes is "open", and new subtypes may be
introduced, if necessary.
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C h a p t e r 1. T R U N K OF P O S T L I T H O G E N I C S O I L S
All soils of the trunk are formed by pedogenetic processes
operating within an already deposited, "ready", mineral parent material;
there is no more accumulation of solids on the soil surface, or this
accumulation is so slight, that it is does not significantly affect the profile
composition.
KEY TO SOIL ORDERS
Full-profile (FP) soils, in whose profiles along with a humusaccumulative or an organic horizon there is an intermediate'^ (midprofile) horizon with a distinct illuvial accumulation of aluminum-ironhumus compounds (an Al-Fe-humus horizon). The surface horizon may
be forest litter, or an (agro)peat, dry peat, or (agro)light-humus horizon
Al-Fe-HUMUS SOILS
Other FP soils with a distinct profile differentiation of iron, whereas that
for clay and aluminum oxide is weak or absent. Their diagnostic horizons
are podzolic and metamorphic with a specific structure. Surface organic
matter accumulation is in the form of peat litter or a light-humus horizon
SVETLOZEMS
Other FP soils with a distinct textural differentiation (K(i'''>1.4)
manifested by a combination of eluvial and textural horizons. They may
have any humus-accumulative or surface organic horizon, and they do not
have a metamorphic, solonetzic, carbonate-accumulative or vertic
horizons. An alkaline reaction throughout the profile is prohibited
TEXTURALLY-DIFFERENTIATED SOILS
Other FP soils with a distinct textural differentiation and having an
alkaline or weakly alkaline reaction in the lower and middle parts of the
The term "intermediate horizon" is close to the term "subsoil"; horizons AEL,
E, EL that occur below the humus-accumulative (organic-enriched) horizon
refer to topsoil
"* Kd is a coefficient of profile differentiation equal to the ratio of clay (<lmcm)
contents in eluvial and illuvial horizons
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profile. In the subsoil a solonetzic or textural horizon is underlain by a
carbonate-accumulative one. The surface horizon may be an (agro)darkhumus, (agro)light-humus, or peat horizon
ALKALINE-CLAY-DIFFERENTIATED SOILS
Other FP soils with a weak textural and chemical profile differentiation.
They have (agro)light-humus, or raw-humus horizon overlying a
metamorphic horizon. Other diagnostic subsoils are prohibited, except for
the carbonate-accumulative horizon
METAMORPHIC SOILS
Other FP soils with a distinct, mostly deep (agro)dark-humus horizon and
followed by a carbonate-accumulative, clay-illuvial (Kj is below 1.4),
chestnut metamorphic, or vertic intermediate horizon
HUMUS-ACCUMULATIVE SOILS
Other FP soils with a profile strongly enriched in carbonates. They have
light-humus (very poor in humus), metamorphic and carbonateaccumulative horizons, and are alkaline or weakly alkaline throughout the
profile
LOW-HUMUS-CARBONATE-ACCUMULATIVE SOILS
Incomplete-profile (IP) soils with an (agro)dark-humus, light-humus, or
mucky horizon with a gradual transition to the parent material; lacking
any other diagnostic horizons
ORGANO-ACCUMULATIVE SOILS
Other IP soils with an (agro)dark-humus, mucky horizon, or both, with a
gradual transition to a gley or cryptogley horizon; lacking any other
diagnostic horizons
HUMUS-ACCUMULATIVE HYDROGENICALLY
TRANSFORMED SOILS
Other IP soils with litter, (agro)peat, or raw-humus surface organic
horizon underlain by strongly gleyed mineral material. The latter has
more than 80% of the area of the vertical section occupied by bluish
colors
GLEYZEMS
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Other IP soils with an organic, sometimes light-humus surface horizon,
underlain by a thixotropic cryoturbated non- or weakly gleyed material
above icy permafrost
CRYOZEMS
Other IP soils with a shallow profile (less than 30 cm), commonly stony,
with any kind of organic or humus-accumulative horizon directly
overlying hard rock
LITHOZEMS
Human-modified soils with a profile consisting of a homogeneous agrodark-humus, agro-light-humus, or agro-peat horizon deeper than 25 cm
and having any kind of natural subsoil, or a gley or cryptogley horizon, or
parent material
AGROZEMS
Human-modified soils with a surface post-abraded horizon composed of
the material of the subsoil or parent material with a humus content below
1.5%. It is underlain by any kind of natural subsoil horizon, or parent
material
ARGOABRAZEMS
Other soils lacking diagnostic surface horizons for any reason, and any
intermediate horizon or that transitive to the parent material is exposed
ABRAZEMS
Other soils with the only diagnostic horizon - solonchakous, present on
the surface. It may be underlain by a humus-accumulative, gley, or
cryptogley horizon. In some situations the solonchakous horizon may be
superimposed on any other (already formed) profile and its presence is
diagnostic for this Order
H A L O M O R P H I C SOILS
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1.1. ORDER: Ai-Fe-Humus Soils'^
Soils of the order are characterized by morphologically and
analytically distinct illuvial accumulation of aluminum-iron-humus
complex compounds producing a specific chemogenic Al-Fe-humus
horizon. It is dark brown or rusty brown depending on the ratio of organic
matter and iron oxides. The reaction is acid throughout the profile, base
saturation is low, humus has a fuivic or humic-fulvic composition which
is dominated by the 1 and la fractions of fuivic acids.
Al-Fe-humus soils occur mainly in taiga and tundra zones under
conditions of good surface and profile drainage, on the unconsolidated
light-textured sediments, as well as on the products of weathering of
igneous and metamorphic rocks.
There are three main genetic entities within the order: Podburs,
Podzols and Soddy Al-Fe-humus soils. Each of them has gley analogs
with a G horizon. Another criterion for differentiation of types within the
order is the kind of topsoil (Table 5.2)
Type: PODBURS"^
0 - B H F ( B H , BF)-C
The profile has a peat-like litter, sometimes a mucky horizon,
directly underlain by the Al-Fe-humus BHF horizon, and the transition to
the parent material is gradual. Contrary to Podzols, there is no bleached
E horizon. Analytically, the BHF horizon is identified by the enrichment
in easily mobile forms of sesquioxides and mobile organic matter. The
pedogenic transformation of the mineral material proceeds mainly by
degradation of phyllosilicates resulting in the development of interlayer
formations. The profile distribution of sesquioxides and humus is of an
accumulative type. Podburs are common on stony-fine-earth derivates of
igneous and metamorphic rock weathering, and on sands rich in
weatherable minerals. Podburs occur in taiga and tundra areas.
Subtypes are identified by the predominance of humus or iron
compounds in the BHF horizon, features testifying to podzolization and
" The name is derived of the major chemical results of pedogenesis:
accumulation of aluminum, iron and humus. Less common spelling is
"alfehumus" soils.
"" The term "Podbur" was invented by V. Targulian in early 70-ies by the
example of Podzols and means (with abbreviation) "similar to brown soils".
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gley, and anthropogenic or natural destruction of the upper horizons. Thus,
the iron-illuvial soils are recognized by the dark yellowish brown color of
their BF horizon, which may be rather deep. Humus content in its upper
part is below 2%. Mineral grains in the topsoil are frequently bleached
and/or corroded. The humus-illuvial subtype has a complicated BHF
horizon, which may consist of any sequence: BH-BHF, or BH-BF. This
means that the upper part of the Al-Fe-humus horizon is always much
darker (>2% humus), has a reddish hue and abundant organic grain
coatings and infillings. Amorphous compounds are dominant in the clay
fraction. These soils occur on parent materials rich in weatherable
minerals. The properties of parent materials having ~ admixtures of
volcanic cinder are responsible for the development of andic features
inherent to the subtype of ocherons Podburs.
There are also subtype intergradcs: gleyic and podzolized
Podburs. The former has weak gleyic features in the lowermost part of
the profile owing to water stagnation in stratified parent material, or to
permafrost. In the topsoils of podzolized Podburs bleached grains occur
either in a dispersed way, or as thin (< 3cm) lamellae, which do not
qualify for an E horizon.
Types and subtypes of Podburs and Soddy Al-Fe-humus soils
Types
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Type: DRY PEATY PODBURS
TJ-BHF(BH, BF) C
Soils are identified by the presence of a dry-peaty horizon (TJ) or
a peat-mucky horizon, 10cm to 50cm thick; most commonly the thickness
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ranges from 20-25cm. The horizon is specific by the botanical
composition of peat - predominance of mesophytic plants. The
accumulation of peat of this kind is induced more by very humid and cool
climate than by water logging. The climate hinders decomposition of the
plant remains.
Other properties of soils are similar to those of Podburs. Gley
features are absent.
Dry peaty Podburs are most common in mountains, where their
development is favored by free internal drainage.
Subtypes are almost the same as in the Podbur type, except for the
"gieyic" one, which is absent (free drainage is an important property of
these soils). The top-turbated subtype is absent also, as it cannot be
separated from an analogous subtype of Podburs.
Type: GLEY PODBURS
0-BHF(BH,BF)g-G
These soils differ from the typical Podburs by distinct features of
gley in the lower part of the profile owing to water stagnation on
permafrost or water-impermeable parent material. The excess of moisture
has little effect on the properties of organic and illuvial horizons because
of the loose consistence and light texture of the latter.
Gley Podburs are most common in the West Siberia tundra and
forest-tundra.
Specification and diagnostics of subtypes are the same as in the
Podbur type. However, "ocherous " subtype is absent (no volcanic
activity in these areas), as well as "gieyic", which is covered by the type
criteria.
Type: PEAT GLEY PODBURS
T-BHF(BH)g-G
These soils differ of the Gley Podburs by the presence of a peat
horizon and weak features of gley in the AI-Fe-humus horizon. Other
properties are the same as those of Gley Podbur type.
Peat Gley Podburs are most common in taiga zone of Middle
Siberia.
The subdivision into subtypes is the same as for the Gley Podbur
type.
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Type: SODDY Al-Fe-HUMUS SOILS
AY-BF-C
The Soddy Al-Fe-humus soils are very similar to Podburs in
terms of profile composition and horizon properties. These soils have,
however, a hght-humus horizon 10-15cra thick containing ca.3% humus.
This horizon is underlain by an Al-Fe-humus one which is mostly ironilluvial (BF), and gradually merges into the parent material. The profile
differentiation is less conspicuous compared to Podburs.
The pH is acid and CEC ranges from 10 to 15 cmol(+) kg' soil.
Soddy Al-Fe-humus soils occur mainly on sands in southern taiga
and forest-steppe.
The criteria for subdivision into subtypes include: character of
iron compounds accumulation, podzolization, gley, and distortions of the
upper horizons. The subtype of podzolized soils is an integrade to
Podzols. The pseudofibric subtype is identified by the occurrence of fine
iron-enriched lamellae, which are of importance for the moisture regime
in the profile.
Type: GLEY SODDY Al-Fe-HUMUS SOILS
AY-BFg-G
These soils differ from the Al-Fe-humus Soddy soils by weak
gley features in the iron-iiluvial horizon and gley-type water-logging in
the lower part of the profile due to either lithological discontinuities, or
high ground-water levels.
The criteria for subdivision into subtypes are the same as for the
Soddy Al-Fe-humus soils, except there is no gleyic subtype (gley features
are covered by the type criteria).
Type: PODZOLS
0-E-BHF(BH,BF)-C
In contrast to the Podburs, Podzols have a bleached horizon of
eluviation - E, immediately beneath shallow litter (or organic-enriched
horizon). Another property separating them with Podburs is the distinct
eluvial-illuvial profile differentiation of both silicate and non-silicate iron
oxides, which display a good correlation with profile morphology. The
profile comprises a peat-like litter less than 10 cm in depth, which is
frequently underlain by a thin lens of dark and rather well decomposed
organic material (a raw-humus or mucky horizon). The bleached podzolic
E horizon (commonly 20-30 cm thick) has an abrupt lower boundary. It is
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the lightest in color in the profile due to the removal of all soil
components responsible for color (iron compounds and humus). In the
middle profile is the Al-Fe-humus horizon. It is brown, ocherous, or
reddish brown, is finer in texture than the podzolic horizon due to illuvial
accumulation of non-silicate sesquioxides and clay. The transition to the
parent material is gradual.
Podzols are acid or strongly acid; they have a very low base
saturation and CEC; fulvic, sometimes humic-fulvic composition of
humus. The content of oxalate-extractable AI2O3 and Fe203 is 1.5 times
(or more) higher in the Al-Fe-humus horizon than in the podzolic horizon
and parent rock.
The composition of clay minerals is clearly differentiated along
the profile: swelling layered silicates occur in the eluvial part of the
profile, whereas non-silicate compounds (amorphous organo-mineral)
and mixed-lattice clay minerals compose the fine fraction in the illuvial
layers.
Chemical properties and character of illuvial accumulations,
occurrence of gley, and pedoturbations in the upper part of the sola serve
as criteria to identify subtypes.
In humid areas with hilly or undulating relief and sandy parent
material, the subtypes of Podzols usually form catenas, where gley and
humus illuviation increase downslope. In other locations, the spatial
pattern of nafive Podzols subtypes is controlled by more diverse
geographical phenomena.
The iron-iUuvial subtypes are more common on monomineral
sands, and large areas of these soils occur in the plains in the north of
EastEurope and West Siberia. The humiis-ilhivial Podzols are mostly
formed on igneous and metamorphic rocks rich in weatherable minerals
and on polymineral sands. They predominate among Podzols in Karelia,
Kola Peninsula, Middle and Eastern Siberia.
Ocherous Podzols, with their andic (pyric) properties, occur in
areas with weak deposition of tephra, or are associated with
cryptocrystallized basaltic lavas. Ocherous Podzols occur in Kamchatka
and along the Okhotskoe Sea coast under herbaceous birch forests
(Betula Hermanii, B. japonica) and larch taiga.
The pseudofibric Podzols are peculiar by their illuvial horizon
occurring as fine subhorizontal lamellae, sometimes they are curved.
Pseudofibers are composed of rusty brown or bright rusty cemented sand
or loamy sand and perform functions of intraprofile aquicludes, so that
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the sand above is frequently bleached. This subtype is restricted to
stratified sands on the East-European and West Siberian plains.
Gleyic subtypes are wide spread in West Siberia and in the north
of European Russia. They are more frequently encountered on sands with
stratification features. Permafrost or prolonged thawing also contributes
to temporary water stagnation.
Types and subtypes of Podzols
Types

Subtypes features
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Type: GLEY PODZOLS
0-E(g)-BHF(BH,BF)g-G
Soils of this type are recognized by well-expressed gley
properties, which include those frequently identified in podzolic horizon,
those that are common and quite distinct in the Al-Fe-humus (BHF)
horizon, and are strong in the underlying gley (G) horizon. The illuvial
horizon is enriched in illuviated humus, therefore, it is very dark brown to
black or dark ocherous in color, and contains nodules. Migration of
organic substances may occur in the podzolic horizon coloring the
horizon dusky gray.
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Soils are acid to strongly acid, CEC is below 5 CITIOI(+) kg"' soil,
and base saturation is very low in the whole profile. Fulvic humus always
displays an eluvial-illuvial profile distribution.
Excessive moisture of the profile may result from atmospheric
water stagnation, or high ground water table; in the former case water
percolation is hindered by an irregular textural profile, or by cryogenic
phenomena (presence of permafrost)
Gley Podzols frequently occur as last members of sandy catenas.
Large areas of Gley Podzols are common in West-Siberian tundra and
forest-tundra.
The subtypes are identified by the predominance of iron
compounds, or humus illuviation, by prominent iron concentration and
topsoil disturbance. The humus-illuvial subtype corresponds to the central
type image.
Type: DRY PEATY PODZOLS
TJ-E-BHF(BH,BF)-C
These soils are easily recognized by the "dry" peat horizon,
which is usually 20-25 cm thick though it may range in thickness from
10 to 50 cm. Any evidence of excessive moisture or gley is absent. The
depth of podzolic horizon is variable; the illuvial horizon is usually
humus-enriched, therefore, it is dark in color.
Dry Peaty Podzols originate in a moderately cold or cool humid
climate that hinders organic residue decomposition. They have a very
good drainage.
Subtypes are specified by the character of illuvial horizon {ironand humus-illuvial) and occurrence of a top-turbated layer. Quite specific
are soils of the ocherous subtype confined to the zones of weak
deposition of volcanic ash and to the areas of non-crystallized basaltic
lavas. The illuvial horizon of these Podzols is enriched in silica, iron and
aluminum oxides, and is bright in color.
Type: PEAT GLEY PODZOLS
T-E{g)-BHg-G
These soils differ of other Podzols by the presence of a surface
peat horizon 10-50 cm thick. Their Al-Fe-humus horizon is dark in color
due to strong illuviation of organic matter.
Peat Gley Podzols occur in the same areas as Podzols, and occupy
sites with excessive moisture.
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Subtypes are specified by the composition and forms of Al-Fehumus accumulations. Thus, the humus-illuvial subtype corresponds to
the central image of the type, whereas the ferruginated subtype has an
iron-cemented illuvial layer, or iron pan, mostly in the lower part of BHF
horizon. The ferruginated soils have iron precipitated from iron-rich
surface or ground waters.
Type: SODDY PODZOLS
AY-E-BF-C
In terms of profile composition and the majority of properties,
these soils are similar to Podzols, except for the topsoil, which is a lighthumus horizon up to 15cm thick. The podzolic horizon may reach 30 cm
in thickness. The color of the illuvial horizon is light yellow or brown
yellow because of low content of humus (< 2%). In the topsoil, the
content of humus varies widely from 0.5 to 5%, though the most common
values are 1-1.5%. The profde distribution of humus is of accumulative
type. The composition of humus is always dominated by fulvic acids:
Ch.a./Cf a.=0.3-0.5. The exchange capacity in the topsoil is 5-10cmol(+)
kg'' soil. Soils are acid to strongly acid.
Soddy Podzols occur on sands or loamy sands in southern taiga
and forest-steppe.
As for subtypes, the central concept of the type corresponds to
iron-illuvial subtype of Soddy Podzols. The pseudofibric subtype is
associated with stratified sands (as for Soddy Al-Fe-humus soils).
Pseudofibers are fine compact laminae, rusty-brown or bright rusty owing
to high iron concentrations in them. They contribute to higher waterretention capacity, thus affecting the water regime of these usually welldrained soils. In case of stronger moistening, a gleyic subtype may be
recognized by alternating rusty and bleached mottles in the lower part of
the illuvial or C horizon.
Type: SODDY GLEY PODZOLS
AY-E-BHF(BH, BF)g-G
Conspicuous gley features occur in the illuvial horizon as diffuse
whitish and yellow mottles along with a distinct gleyic horizon below the
illuvial one. They are diagnostic for this type. The podzolic horizon is
usually more bleached in comparison with the non-gley type of Soddy
Podzols. It may even be slightly impregnated with dark humus substances
removed from the light-humus topsoil. The illuvial horizon may also have
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conspicuous humus illuviation with concentrations of 3-8% humus. In
the lower part of the illuvial horizon an iron pan may be encountered.
Soils are acid, their base saturation is low (40-60%) but slightly
increases downward along with the decrease in acidity.
Soddy Gley Podzols occur in the south taiga in depressions, or on
weakly drained plains composed of sands underlain by clays.
The central concept of the type is presented by the humus-illuvial
subtype. Forms of iron accumulations identify an iron-illuvial subtype
(lower content of illuviated humus in BHF horizon vs. the central image)
and a ferruginated one. The upper horizon in top-lurbated soils is
composed of the mixture of light-humus, podzolic and illuvial diagnostic
horizons.
Type: AGRO-PEAT GLEY PODZOLS
PT-T-E(g)-BHg-G
Soils of this type differ from the Peat Gley Podzols by a humanmodified peat or peat-mucky horizon over the undisturbed lower part of
the initial organic horizon. The organic matter of the agrogenically
modified horizon commonly displays a more advanced mineralization
than the initial organic material. It may also contain admixtures of solids
through incorporation of the podzolic horizon into the arable layer.
Hence, the Agro-Peat Gley Podzols result from the agrogenic
transformation of the upper part of the Peat Gley Podzols.
Along with subtypes identified in the non-plowed Peat Gley
Podzols (humus-illuvial and ferruginated) there are three "agrogenic"
subtypes.
The mucky peat subtype is identified by a high degree of organic
matter decomposition, which is manifested by the presence of dark
material of smeary consistence within the human-affected topsoil. The
diagnostic feature of the peat-mineral subtype is the admixture of mineral
material either from the incorporation of the podzolic horizon into the
plow layer, or from the artificial input of mineral substrate material on
the soil surface or in the plow layer. The third anthropogenic subtype of
oxidated-gley soils is characterized by the predominance of rusty mottles
and veins in the former gleyic horizon resulting from its artificial
drainage.
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Type: AGRO-SODDY PODZOLS
PY-E-BHF(BF, BH)-C
Soils of this type differ from the Soddy Podzols by their humanmodified horizon formed by the homogenization of the former organic
surface horizon and the upper part of the podzolic horizon. The lower part
of the podzolic horizon remains intact. If the latter is absent, soils are
classified as Al-Fe-humus Agrozems (order of Agrozems).
The agrogenically modified horizon is light gray or brownish
gray, it contains 0.5-2% of humus; if the soil is cuUivated for a long time
the humus content may be higher, however, it decreases drastically below
the arable layer. Humus is dominated by fulvic acids, in long-cultivated
soils the Ch.a/Cf.a ratio may reach 0.9. Soils are acid to weakly acid, and
the base saturation may be 60-80%.
Agro-Soddy Podzols are formed by the agrogenic modification of
Podzols or Soddy Podzols.
Criteria for subtypes are the same as for native Podzols or Soddy
Podzols; the only additional subtype is the agroheterogenic one which is
identified by the occurrence of podzolic horizon fragments in the material
of the human-transformed topsoil.
Type: AGRO-SODDY GLEY PODZOLS
PY-E-BHF(BF, BH)g-G
Compared to Agro-Soddy Podzols, these soils have a gley
horizon in the lower part of the profile and gleyic features in the illuvial
horizon. These soils are formed by agrogenic modification of Soddy Gley
Podzols and Gley Podzols.
Division into subtypes repeats that of native Gley Podzols {ironilluvial, humus-illuvial, ferruginaled). Complementary to them, oxidatedgley and agroheterogenic subtypes are related to differences in drainage
and mixing by tillage, respectively.
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1.2. ORDER: Svetlozems"
Soils of this order have a bleached podzolic horizon impoverished
in iron oxides compared with the underlying horizons, and a
metamorphic horizon with a specific structure and without any features of
ferrugination or in situ weathering. The profile differentiation of clay and
total aluminum is weak or absent (Kd < 1.4 for clay). Illuviation of iron
compounds and presence of gley are permissible, but not obligatory. This
profile composition is the result of the reduction of iron compounds with
their subsequent removal beyond the solum, or with partial illuvial
accumulation.
Svetlozems occur in the northern and middle taiga, forest-tundra
and northern part of the southern taiga of West Siberia. They are confined
to loamy deposits and the best drainage conditions in these areas.
ypes and Subtypes oj"• Svetlozems
Subtypes features
Svetlozems
Typical
Gleyic g
Top-turbated tr

+
+
+

Types
Iron-illuvial
Svetlozems
+
+
+

Soddy
Svetlozems
+
+
+

Type: SVETLOZEMS

0-E-BM-C
Svetlozems are identified by their peat-like litter less than 10cm
thick over a light gray podzolic E horizon that is 5 to 15 cm thick. It
commonly has a weak bluish hue and is similar to an EL horizon. It has a
weak crumb structure with elements of horizontal stratification, or
structure is absent. The metamorphic BM horizon has a "cold" grayish
hue against a background of brown color. The structure is weak fine
crumb to subangular blocky, or is weak very fine platy to crumb (quirklike consistence). The structure becomes weaker with depth, though it
may contain some cryogenic lamellae. Indications of clay or iron oxides
illuviation are absent.

" The soil name indicates the light color of soils: its formative element "svetlo"
means light-colored (Transl.note).
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The reaction is acid throughout the profile. Humus is of fuivic
composition, and the content of light-colored illuviated humus in the E
horizon may be from 2-4%. There is a distinct profile differentiation of
the total iron, whereas the bulk aluminum and textural differentiation is
weak or absent.
Svetlozems are wide spread in the south of the middle taiga,
where they are associated with low shrub-moss spruce-fir forests.
Three subtypes are defined for all the types in the Svetlozems
order. The typical subtype corresponds to the central concept of the type;
the gleyic subtype is recognized by redoximorphic features in the E and
BM horizons that occupy less than 80% of the vertical section area. The
subtype of top-turbated soils is formed by tree uprooting or technogenic
impacts. Turbations may extend to the upper part of the BM horizon.
Type: IRON-ILLUVIAL SVETLOZEMS
0-E-BF-BM-C
These soils are identified by a bright-ocherous or rusty brown ironilluvial horizon between the podzolic and metamorphic ones. This BF
horizon has a simple fine rounded-crumb ("caviar-like") structure and
contains numerous iron nodules and concretions. The total iron content in
the BF horizon is ca.3%, with 2\3 of it being oxalate-soluble compounds.
The iron-illuvial Svetlozems are the most common among
Svetlozems. They are restricted to sites with the best possible drainage in
the northern and middle taiga subzones, and good drainage is provided
mainly by their parent material (sandy loams or loamy sands). Vegetation
is mainly low shrub-moss spruce-fir forests with admixtures of birch and
larch. In the West-Siberian forest-tundra Iron-illuvial Svetlozems are not
frequent, and northwards they are gradually replaced by Iron-illuvial
Gleyzems.
The genesis of Iron-illuvial Svetlozems involves chemical
differentiation performed by means of gley-induced mobilizafion of iron
oxides, their migration and segregation at the oxidative geochemical
threshold, and by an Al-Fe-humus type of migration and accumulation.
The subtypes are the same as in the previous Svetlozem type.
Type: SODDY SVETLOZEMS
AY-E-BM-C
These soils are distinguished from other Svetlozems by their lighthumus horizon, which is approximately 5 cm thick. It is gray in color
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and has weak crumb or "quirk-like" structure. The content of humus
reaches 4-5%. Any clear indications of iron illuviation are absent.
Soddy Svetlozems are not wide spread. They occur locally in the
northern part of the West-Siberian southern taiga under herbaceous firspruce forests with some linden trees. They may be regarded as
geographical integrades between Svetlozems and Texturallydifferentiated
(Soddy Podzolic) soils.
The subtypes are the same as in the previous Svetlozem types.
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1.3. ORDER: Texturally Differentiated Soils
Soils of the order must have two major diagnostic horizons: a
bleached eluvial EL horizon of lighter texture, and a brown compact
textural BT horizon with compound subangular blocky and prismatic
structure and distinct illuviation coatings.
The profile differentiation is evidenced by the data of particle
size, chemical, and mineralogical analyses. The eluvial horizon is
impoverished in clay (<0.001mm), sesquioxides, and swelling mixedlayer formations (smectite components of clay) versus the textural
horizon and the parent material. The factor of clay differentiation in the
profile is more than 1.4.
Soils are commonly acid, but sometimes are neutral in their upper
horizons, or in the whole profile. Base saturation is low, specifically in
the eluvial part of the profile.
A combination of profile-differentiating processes is responsible
for the profile composition; most important among them is selective
weathering with a subsequent removal of the weathering products beyond
the profile (selective podzolization). Texturally differentiated soils are
formed mainly in loamy or clayey parent materials; they are wide spread
over the taiga zone under coniferous, mixed and hardwood forests with
mosses, low shrubs or herbs in the lower canopy. Order of Texturally
differentiated soils also includes soils of the Far East under endemic
hardwood forests and meadows, and soils of smalt depressions in the
forest-steppe of European Russia and Western Siberia.
Type: PODZOLIC SOILS
O-EL-BT-C
Peat-like litter directly over a whitish eluvial horizon is
characteristic of Podzolic soils. The thickness of litter is 3-10cm, and it
may be underlain by a thin layer of raw humus or muck. There is no
humus-accumulative horizon. The eluvial horizon is homogeneous in
color, whitish or light beige; sometimes it may have a grayish, reddish
brown or bluish hue. The structure is platy, or fine platy; the upper
surfaces of plates are more bleached, the lower ones are brownish, with
outcropping Fe-Mn nodules. Bisequa are frequent. Within the eluvial
horizon, bleached and clay-impoverished microprofiles (or superimposed
profiles) of AI-Fe-humus soils may be identified.
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The bleached eluvial horizon is underlain by a texlurai BT
horizon, and the boundary between them may be irregular, or wedged
(glossic). The textural horizon is brown, and the compound subangular
blocky - prismatic structure is distinct. Clay illuviation is evidenced by
coatings on ped faces.
The reaction is usually strongly acid to acid, and only rarely is a
neutral reaction noted in the middle part of the profde. Humus is of the
fulvic type, and its content reaches 1-4% in the eluvial horizon; base
saturation ranges within 15-20%. The type of profde distribution of clay
and of its smectite component and sesquioxides is clearly eluvial or
eluvial-illuvial. The factor of clay differentiation is commonly 1.8-2.7 in
soils on homogeneous silty loams, whereas in soils with a lithological
discontinuity in the profile it may be considerably more.
Podzolic soils occur mainly under northern and middle-taiga
coniferous forests with mosses and low shrubs in the lower canopy, under
percolative water regime. Parent materials are represented by loams and
clays which may be homogeneous or stratified, and of different origin.
Subtypes are identified by the following features: irregular
boundary between the eluvial and illuvial parts of the profile (EL and BT
horizons), presence and character of a superimposed profile (one or more
shallow continuous or fragmentary horizons within the bleached eluvial
horizon), gley manifestations, and properties derived from natural or
anthropogenic evolution recognized in the upper part of the profile. Thus,
in the typical subtype the eluvial horizon (EL) is homogeneous in color, it
does not have any microprofiles, its lower boundary is smooth, and the
transition to the BT horizon is gradual.
Glossic subtypes have an irregular lower boundary of the EL
horizon defined as tonguing, or glossic feature (i); the tongues are wedgelike or planar, they penetrate to the middle part of the illuvial horizon and
are composed of bleached material similar to that of EL horizon. Glossic
subtypes are widely spread in the European northern and middle taiga.
The subtype of gley-podzolic soils is recognized by permanent
bluish gray color of the eluvial horizon, or by a secondary profile
(microprofile) of a Gley Podzol in the eluvial horizon. This superimposed
profile is composed of a bleached humus-impregnated horizon over an
Al-Fe-humus one, in which the accumulation of iron oxides and humus
produces segregations and nodules. These soils are confined to the forest
components of the forest-tundra, and northern taiga of European Russia
and Western Siberia.
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The texturally-podzolic iron-illuviaJ soils always have Podzol
microprofiles, 25-30 cm thick, within the eluvial topsoil. Directly
beneath the litter there is the most bleached thin podzolic horizon
underlain by a thin iron-illuvial ocherous brown layer. Light brown or
pinkish layer (continuous or fragmentary) may be encountered with depth
at the contact with the BT horizon. Soils of this subtype are wide spread
in the European northern and middle taiga.
Gley manifestations are responsible for specifying the gleyic
subtype. They may be found in the middle and lower parts of the solum,
where an excess of moisture is due to impeded drainage in the
depressions.
The top-turbated subtype is identified by the distortions of the
upper part of the profile with fragments of the litter and eluvial horizon
easily recognized, along with those of the iron-illuvial horizon of the
microprofile if it existed in the initial soil.
Types and Subtypes of Texturally-Differentiated Soils (native soils)
Typ es

Subtypes features

o

"o

o
"o
u
o

N

-c
O

(X

Typical
Glossic i
Gley-podzolic
Iron-illuvial microprofile
Gleyic g
Top-turbated tr
Ferruginated fn
Bleached-segregationary nn
With the second humus
horizon |hhl
Peat-mucky o

+
+
+
+
+
+

N
-O
O
O.

>,
O
+
0.1

+
-1-

N
13
O
Cu

^
C7
co
PM

-1-

+
+

1
O
0-

>^

T3
TD
O
C/3

+
+

+
+

1

'S

o

^

6

w

3

•O

CL.

B

2
3
JZ
ü
M
>,
>
>
>-,
1)
?>
<u
H
o O o u
+
-1+
+
+
o

00

VH

+

+
+

+
+

-1-

+
+

75

+

on

+

+

Q-S

>>-^

5?"^c
-^
O eu
+
+

+

Type: GLEY PODZOLIC SOILS
0-EL-BTg-G
The textural horizon of these soils has distinct gleyic features and
is underlain by a gleyic horizon. Weak manifestations of gley may be
encountered in the eluvial horizon. Despite the excess of moisture in the
profile, there is no peat accumulation, and only weakly decomposed
organic material (peat-like litter) less than 10cm thick, or raw humus
may be found in the relatively thin O horizon.
The eluvial horizon (EL) is bleached and has a weak bluish hue,
it may contain rusty veins and coarse Mn-Fe rounded concretions and
nodules. The horizon is rather compact, and has a coarse platy structure.
The transition to the illuviai horizon may be irregular, with pronounced
tonguing. The textural horizon is peculiar by the occurrence of bluish and
grayish brown coatings on ped faces, and the presence of rounded and
tubular iron nodules and segregations.
Gley Podzolic soils are common both on the weakly drained
interfluves and in depressions in association with Podzolic and Peat Gley
Podzolic soils.
There are few subtypes {typical, top-turbated), an a specific one
is that of ferruginated soils with iron pans above the textural horizon.
Type: PEAT GLEY PODZOLIC SOILS
T-ELg-BTg-G
The differentiating characteristics of these soils compared to the
Gley Podzolic ones are a peat horizon 10 to 50cm thick, and more
pronounced gley manifestations in the eluvial horizon. Soils occur in sites
favoring the development of hydromorphism in the upper part of the
profile so that a peat horizon is formed.
The subtypes are the same as for the Gley Podzolic soils.
Type: SODDY PODZOLIC SOILS
AY-EL-BT-C
These soils are identified by their distinct light-humus horizon
(named sometimes soddy, hence, responsible for the name of the type),
where the accumulation of mull, or moder-muU humus is obvious. This
horizon is underlain by an eluvial horizon.
The humus-accumulative horizon is gray, (medium to low value),
its average thickness is 5-8 cm, but may be 15 cm or more. The structure
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is weak fine crumb. The transition to the eluvial horizon is mostly
gradual, and a transitional horizon, intermediate in color may be found.
The eluvial horizon has the lightest color in the profile. It may be
homogeneously bleached (if the surface water stagnation is weak),
however, more common are two subhorizons comprising the EL horizon.
The upper subhorizon is light brownish or pinkish owing to ironcontaining films on ped faces and mineral grains. The lower one is light
in color, bleached because of its position at the contact with the slowly
permeable textural horizon. If the drainage is very good (terrace edges,
steep slopes, etc.) the whole eluvial horizon is pale beige or pinkish.
Within the eluvial horizon, a dark humus-enriched ("second humus")
horizon is frequently encountered; it is mostly discontinuous and
degraded.
The total thickness of the eluvial horizon ranges within 10 to 30
cm, however, it may be as thick as 40-50 cm. Its lower boundary is often
irregular. The tongues of bleached material similar to that of the EL
horizon cross the whole BT horizon nearly to its bottom. The latter
phenomenon is inherent to soils of the European southern taiga. Soddy
Podzolic soils of Middle and East Siberia commonly have a gradual
transition between the eluvial and textural parts of the profile. It is
recognized by bleaching (yellow color) of the intrapedal mass in the
upper part of the textural layer.
The textural horizon is brown, frequently with a yellowish or
reddish hue, it is the most compact in the profile. A compound structural
arrangement is characteristic: coarse prisms separate into horizontal thick
plates, which part into subangular blocks. Along with the evidences of
clay illuviation there are some features indicating degradation processes
at least in the upper part of the BT horizon: rounded obliterated ped faces
and skeletans. Differences in color, structure, illuviation and degradation
features can be used to subdivide the BT horizon into several
subhorizons.
Most of Soddy Podzolic soils are acid or weakly acid throughout
the profile; if there are inherited carbonates, the reaction may be neutral
in the lower and even in the middle part of the profile. The content of
humus ranges from 1.5% to 5% in the topsoil, and from 0.2 to 0.5% in the
textural horizon. The fulvic acids predominate in the composition of
humus; the Cha/Cfa ratio is 0.3-0.5 in the humus-accumulative horizon.
Soils are unsaturated. The clay differentiation factor is equal to 2.0-3.5
for soils on homogeneous silty loams.
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Subtypes are specified by the character of EL/BT boundary, iron
segregation, gley manifestations, relic features, and natural or humanmade mixing of the upper horizons. Thus, for the case of irregular
boundary glossic subtypes are provided. Whitish tongues transverse the
whole BT horizon and contain bleached material, presumably,
translocated from the eluvial horizon.
Soils of bleached-segregationary subtype, or Podbels , are
recognized by their strongly bleached, white when dry, eluvial horizon
with numerous (10-20% by volume) coarse (> 3 mm) iron nodules and
concretions. The upper part of this horizon (ELnn) has a fine platy
structure and is slightly compact. Its lower part is more compact, has a
coarse platy structure and acts as a temporary aquiciude. The transition to
the textural part of the profile is gradual, any distinct glosses are absent,
and bleaching (yellow color) of the intrapedal mass is typical for this
transitional belt. The clay differentiation factor is 2-6. The chemical
profile differentiation is stronger for the total aluminum than for iron,
since more than a half of the total iron is trapped in nodules. Podbels
occur in the hardwood forests of the Far East where their formation is
favored by heavy and contrasting precipitation and fine-textured parent
materials.
The subtype of soils with the second humus horizon is recognized
by a dark humus layer, or lenses, in the lower part of EL or upper part of
BT horizons. This dark material is enriched in humic acids and has a
structural organization different from that of the top humus horizon.
Presumably, it is a relic of another type of pedogenesis.
The upper horizon of the top-turbated soils contains recognizable
fragments of humus-accumulative and eluvial horizons.
Type: GLEY SODDY PODZOLIC SOILS
AY-EL{g)-BTg-G
These soils are identified by the gleyic horizon and to a lesser
extent, by gley manifestations in the illuvial and eluvial horizons. The
soddy, or humus-accumulative, horizon, which may have some features
This soil name was invented by Yu. Liverovskiy. Like the name "podbur", it is
composed of two formative elements: "pod" - similar to, and "bel" - part
(root) of the word "white". So, the name means a soil thai is like a white soil,
and was given to these soils because of their brightly white eluvial horizon.
The subtype discussed corresponds to the former "forest Podbel" (Transl note).
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of a mucky horizon and the content of humus is higher in (this case), is
dusicy gray, usually 10cm thick, though it may be as much as 20 cm. The
bleached horizon, 10-20 cm thick, is grayish-white with a gray greenish
or bluish hue; rusty mottles are infrequent, fine and coarse Fe-Mn
nodules are common. The transition to the textural horizon is irregular glossic.
The textural horizon has a marbled color pattern: reddish brown,
bluish and rusty streaks and mottles. The ped faces have dark reddish and
bluish gray coatings, ped interiors contain black mangans, Fe-Mn nodules
and tubes. The textural horizon is underlain by a rusty-bluish gray gley
horizon, apedal or with coarse fragmentary structure.
Soils are acid to weakly acid, fulvic acids predominate in the
composition of humus. The topsoil is mostly unsaturated, and easily
mobilized iron compounds are accumulated here, partially in concretions.
Gley Soddy Podzolic soils are confined to depressions or poorly
drained interfluve plains and are associated with Soddy Podzolic soils.
The subtypes are almost the same as the subtypes of the Soddy
Podzolic soils. The difference concerns the forms of iron segregations,
which are more conspicuous in the gley type. The ferruginated subtype
has an iron cementation zone above a BT horizon.
Type: GRAY SOILS
AY-AEL-BT-C(ca)
The light-humus horizon of the Gray soils is close in many
respects to the dark-humus horizon, and may even have some of its
quantitative criteria, so it may be considered as intermediate between
these two horizons. Its mean thickness is 20-25 cm, but ranges up to 40
cm, its structure is moderate to strong crumb, or granular-crumb.
Unlike the Soddy Podzolic soils, Gray soils lack an individual
separate eluvial (EL) horizon, instead it has a special humus-eluvial
horizon - AEL with crumb or crumb-platy structure and is light gray to
gray in color. At the eluvial-illuvial interface a relic second humus
horizon may occur. Its color is dark gray (darker than the color of the
upper AY horizon), it has a fine subangular blocky structure and whitish
skeletans on the dark ped faces. The textural horizon is dark reddish
brown, compact, with a definite compound structure of prisms and
subangular blocks. The ped faces have lustrous dark gray or dark reddish
brown coatings deposited by clay and humus illuviation, which are often
covered with light colored skeletans.
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The soils are weakly acid, neutral in the lower part of the solum,
and weakly alkaline if carbonates are present. The content of humus
ranges from 2% to 8% in the AY, its composition is fulvic-humic, with
the Cha/Cfa ratio ranging within 0.8 and 1.5. The second fraction
(calcium humates) is prominent. Base saturation in the topsoil is elevated,
the CEC is 20-40 cmol(+) kg', and calcium predominates. The clay
differentiation factor in soils on homogeneous silty sediments ranges
within 1.5-2.2, ranging to 1.3 and 2.5 in a few cases.
Gray soils occur under hardwood forests in European Russia, and
under small-leaved-coniferous forests in the Asiatic area.
Criteria for subtypes include the presence of the second humus
horizon and redoximorphic phenomena (subtypes with the second humus
horizon andgleyic, respectively). There is also a typical subtype - central
image. There is no evidence for top-turbated subtypes.
.
Type: GLEY GRAY SOILS
AY-AEL(g)-BTg-G
The gley horizon in the bottom of the profile is diagnostic, and of
lesser importance are gley features in the intermediate and even upper
parts of the profile. The dark gray humus horizon with a bluish hue is
usually 20-25 cm thick though a thickness of 40-50 cm also occurs. It
contains rounded Mn-Fe nodules. The humus-eluvial AEL horizon is
slightly bluish in color and enriched in nodules. The textural horizon has
a marbled color pattern composed of brown, bluish and rusty mottles and
veins. Dark coatings on ped faces, black soft segregations and nodules are
common. The compound subangular blocky - prismatic structure and
other specific features of textural horizon are rather indistinct compared
to the Gray soils. Carbonate concretions and nodules may be found in the
lowermost part of the profile, some of them ("zhuravchiki" - indurated
nodules) testify to their hydromorphic origin.
The Gley Gray soils are weakly acid, or almost neutral. The
content of humus is commonly 5 to 11%.
Gley Gray soils are encountered in depressions where they are
subject to temporal water-logging alternating with periods of percolation.
Two subtypes are identified: typical and with the second humus
horizon. The former corresponds to the central concept of the type, the
second is like its analog in the Gray soil type but has gley features (bluish
or greenish hues).
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Type: DARK-HUMUS PODBELS'^ (DARK-HUMUS PODZOLIC

SOILS)
AU-Elnn-BT-C
The combination of dark-humus topsoil, eluvial and textural
horizons is diagnostic. The humus horizon is dark in color, has a strong
fine crumb structure; the common thickness is 10-20 cm, though it may
be 30 cm or more. The eluvial horizon has platy structure, along with
evidences of advanced concretionary bleaching, namely, the almost white
color of the dry soil, abundant (up to 10-20%), coarse (> 3mm) iron-rich
nodules and concretions containing more than a half of the total iron in
this horizon. The lower part of the eluvial horizon may be compact and
restrict water percolation. Very characteristic is a gradual transition to the
BT horizon with a horizontal even boundary, so that the transitional zone
is prominent, and displays bleaching of the intrapedal material (yellowish
ped interiors).
The humus horizon is weakly acid, its base saturation is high, and
it may even be base-saturated. Humus content may be as much as 1015%, humus is fulvic-humic with Cha/Cfa ratio near 1. The profile is
clearly differentiated in terms of acidity and CEC, and clay differentiation
is also prominent (Kd = 2-6). hi contrast with Podzolic and Soddy
Podzolic soils, the chemical profile differentiation is more conspicuous
for aluminum than for iron, since the latter is concentrated in nodules.
Dark-humus Podbels occur under broad-leaved-coniferous
forests and meadows in the southern part of the Far East, as well as in
depressions within the European and West-Siberian forest-steppe. They
are common on fine-textured parent materials, with strong contrasts in the
regime of moisture (atmospheric or surface runoff) which is abundant.
There are three subtypes: typical, gleyic, and top-turbated.
Type: GLEY DARK-HUMUS PODBELS
(GLEY DARK-HUMUS PODZOLIC SOILS)

AU(g)-ELnn,g-BTg-G
These soils are similar to Dark-humus Podbels except for the
gleyic horizon and gley manifestations in the whole profile. The humus
horizon is dark gray, or brownish gray, 20-25 cm thick, and gradually
merges into the bluish gray or bluish light brown eluvial horizon, which
has abundant nodules and rusty mottles. The marble-colored textural
" These soils correspond to former "meadow Podbels" (Trans!.note).
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horizon has bluish gray illuviation coatings on ped faces and dark humusrich infillings. The underlying gley horizon lacks structure, it is viscous
when wet and has a dusky bluish color.
Gley Dark-humus Podbels contain 10-20% humus with an
almost equal proportion of fulvic and humic acids. The latter are mostly
brown ones bound to sesquioxides. High values are recorded for the
insoluble residue - up to 50%. The humus horizon has a neutral pH, high
exchange capacity (28-30 cmol(+) kg'') and base saturation of 70-85%).
Below the humus horizon to the bottom of the profile the reaction
becomes acid. The eluvial horizon has much less exchange capacity (1015 cmol(+) kg"') and base saturation is slightly above 50%).
There are two subtypes of undisturbed soils: the typical subtype
has the diagnostic characteristics of the type and is encountered in the
European and Siberian forest-steppe mainly in depressions with water
logging longer than 1 month; the glossic subtype occurs under shrubmeadow vegetation on heavy lacustrine and alluvial-lacustrine clays in
the Middle-Amur lowland and northern parts of Primor'ie kray. Soils of
the glossic subtype have a specific platy-angular structure of the textural
horizon, with deep (up to 50 cm) cryogenic fissures with infillings from
the upper horizons. The fissures originate with the deep and strong winter
freezing of the upper water-saturated horizons followed by their quick
desiccation in early summer.
Type: GLEY PEAT AGRO-PODZOLIC SOILS
PT-(T)-EL(g)-BTg-G
These soils differ from the Gley Peat Podzolic soils by the
presence of the human-modified homogeneous peat or mucky peat
horizon, in which an admixture of mineral materials is common. The
latter is formed by the application of sand into the plow layer by tillage.
Beneath the plow layer remnants of intact peat horizon are recognized.
The presence of an eluvial horizon is diagnostic. Soils are formed by
agricultural reclamation of Gley Peat Podzolic soils.
Subtypes are identified by the composition of the arable horizon
and state of organic matter transformation {mucky-peat, mineral-peat);
iron cementation in the middle part of the profile (ferruginated); and
residual or post-drainage gley manifestations (oxidated-gley). The
agroheterogenic subtype is recognized by inclusions in the arable layer of
eluvial horizon fragments. Their homogeneous pattern indicates an initial
reclamation period, whereas, if these fragments are concentrated at the

lower boundary of the plow layer, it is supposed that erosion has
occurred. There is a typical subtype and a glossic one, which has
bleached and gleyed tongues or streaks passing through BTg horizon.
Types and Subtypes of Texturaily-Differentiated Soils order (Agro-soils)
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Type: AGRO-SODDY PODZOLIC SOILS
PY-EL-BT-C
These soils differ of the Soddy Podzolic soils by the presence of
a homogeneous human-modified horizon directly overlaying the nontilled residual part of the eluvial horizon. If the latter is mixed by tillage,
diagnostic importance is attributed to the "funnels", or enlarged upper
parts of the bleached tongues penetrating deep to the textural horizons.
Soils are acid or weakly acid, base saturation ranges from 30%to
90%. The content of humus in the PY horizon is 1.5-3%, with a Cha/Cfa
ratio of 0.8-0.9.
Agro-Soddy Podzolic soils are derived from Podzolic, Soddy
Podzolic, and sometimes Gray soils when modified by farming activities.
The criteria for specifying subtypes are mostly the same as for
native soils except for the agroheterogenic subtype inherent for Soddy
Podzolic and Podzolic soils at the initial stages of reclamation for
farming. The glossic subtype is identified by whitish wedge- or fissure83

like tongues descending from the eluvial horizon and crossing the texturai
one. The bleached-segregationary subtype has abundant iron oxides
segregations (more than 3mm in diameter) in the almost white eluvial
horizon. The upper part of this horizon has a fine platy structure, while in
the lower part it is as compact as the texturai horizon, and restricts water
percolation. Very characteristic is a gradual transition to the BT horizon
with a horizontal smooth boundary without tonguing. The intrapedal
material is bleached (yellowish ped interiors). The clay profile
differentiation is strong (Kd of 2-6); the aluminum removal and
accumulation are more conspicuous than those of iron because of
segregation of the latter in nodules. The subtype with the second humus
horizon has dark humus-enriched mottles or streaks in the lower part of
EL or upper part of BT horizons. This second humus horizon differs from
the topsoil in structure and higher content of humic acids. The soils of
gleyic subtype have bluish gray, gray and rusty mottles (30-80% of the
vertical section) in the middle and lower parts of the profile.
Type: GLEY AGRO-SODDY PODZOLIC SOILS
PY-EL(g)-BTg-G
These soils differ from the Gley Soddy Podzolic soils by the
presence of an agrogenicaily modified horizon of dusky gray color with
iron nodules and concretions. It overlays the lower part of a bleached,
sometimes gleyed eluvial horizon. If artificial drainage has been
operative, the residual gley horizon acquires a rusty color testifying to the
oxidation of gley. These soils are susceptible to compaction formed by
tillage and other agricultural impacts on Gleyic Soddy Podzolic and
Gleyic Podzolic soils.
Two subtypes in these soils are the same as in the native soils typical and ferruginated, and the other two are the result of human
activities: oxidated-gley and agroheterogenic.
Type: AGRO GRAY SOILS
PY-AEL-BT-C
Unlike their natural analog, these soils have a homogenized
horizon modified by farming. However, for reliable diagnostics of this
type at least part of the AEL horizon should be preserved.
Soils are almost base-saturated and weakly acid in the upper part
of the profile. The content of humus in the arable horizon is 2.0-3.5%, its
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composition is dominated by humic acids (Cha\Cfa = 1.3-1.5). Soils
derive from the reclamation of Gray soils.
There are few subtypes, and they are similar to those specified
for Gray soils: typical, with the second humus horizon, gleyic, and the
subtype of agroheterogenic soils, with its mixture of horizons in the plow
layer, is a direct consequence of plowing. As for the subtype of soils with
the second humus horizon, it is characterized by the occurrence of a
continuous or fragmentary second humus horizon inherited from the
previous stages of pedogenesis under the agrgogenically transformed one.
The second humus horizon has a strong angular fine blocky structure and
high proportion of humic acids bound to calcium (second fraction of
humic acids).
Type: AGRO-DARK HUMUS PODBELS
(AGRO-DARK-HUMUS PODZOLIC SOILS)
PU-ELnn-BT-C
Soils differ of the Dark-humus Podbels by the presence of a
homogenous agrogenically transformed horizon directly on the eluvial
one. If the eluvial horizon is partially involved in the arable layer, so that
the initial dark-humus horizon becomes "diluted" by the light-colored
material, the agro-Iight-humus horizon may be formed. In this case soils
are qualified for Agro-Soddy Podzolic.
Subtypes are specified by gley manifestations in the profile, and
by mechanical turbations of the upper part of the profile.
Type: GLEY AGRO-DARK HUMUS PODBELS
(GLEY AGRO-DARK-HUMUS PODZOLIC SOILS)
PU-Elnn,g-BTg-G
Soils are identified by gley manifestations in the profile, and gley
horizon in its lower part against the background of properties inherent to
Agro-dark-humus Podbels. The agrogenic horizon is dusky gray in color
and abounds in iron concretions and nodules. The textural horizon has a
marbled color pattern and dark streaks of humus-enriched material. When
artificially drained, rusty mottles appear in the gley horizon, testifying to
oxidation processes. Soils are susceptible to compaction.
The subtypes are specified by the properties of textural and gley
horizons: cryogenic fissures filled with the material from the upper
horizons (glossic) and numerous rusty mottles in the former gley horizon
{oxidaled'gley). Typical and agroheterogenic subtypes are also specified.
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1.4. ORDER: Alkaline Clay-Differentiated Soils
Soils of the Order have a strong eluvial-illuvial profile
differentiation of clay, and are alkaline or weakly alkaline in reaction, at
least in the middle and/or lower parts of their sola. The Order consists of
various Types of Solonetzes and Solods.
••,-.;•'.
1.4.1. SOLONETZES
Type: DARK SOLONETZES
AU-(EL)-BSNth-BCAth-Cca,s
The profiles of soils of this type consist of a dark-humus horizon, a
solonetzic and a carbonate-accumulative horizon. The humusaccumulative horizon is gray or brownish gray, crumb-structured, and its
thickness ranges from 5 to more than 20 cm. Below this horizon, a thin
(2-5 cm) whitish or light gray eluvial horizon with platy structure may
occur. It is underlain by a dark brown or reddish dark brown solonetzic
horizon (color of ped interiors), with a columnar prismatic structure,
prominent dark gray of black humus-clay coatings on all ped faces
irrespectively of the ped order. The total thickness of the humus-enriched
horizons is commonly 30-40 cm.
A combination of specific properties is inherent to the solonetzic
horizon, namely, mobilization of peptized colloids, highly dispersed
mineral clay, solubility and mobility of organic substances, viscosity,
stickiness, low water permeability, swelling when moist, compaction and
hardness when dry.
The solonetzic horizon is followed by a more light-colored
carbonate-accumulative horizon, which is less compact, with coarse
blocky subangular or prismatic structure, with humus coatings on ped
faces. Carbonates occur as impregnation mottles and segregations or
nodules ("beloglazka"). Gypsum and easily soluble salts are infrequent in
the lower part of the solum, and their appearance is accompanied by a
drastic decrease in compaction.
The solonetzic and deeper horizons are alkaline while in the topsoil
the reaction may be neutral and even weakly acid. The exchange complex
is base-saturated. Sodium content varies in a wide range - from 1-2 to
60% of the CEC. Humus content is about 3-5%; humus is mostly fulvichumate in the upper horizon and humate-fulvic in the solonetzic one.
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Dark Solonetzes occur in the forest-steppe and steppe areas which
lack additional moisture, either atmospheric, or from the ground water.
They are confined to the outcropping of saline sediments, or result of
"steppization"^'' of initially hydromorphic soils. In the majority of cases
the Dark Soloneztes occur in complexes^' with other soil types. Dark
Solonetzes were formerly termed chernozemic Solonetzes.
Subtypes are recognized by the features of salinity, cryptogley, or
mechanical topsoil turbation.
The subtype of saline Dark Solonetzes has easily soluble salts in
the upper 100 cm, their concentration is above the toxic level allowable
for medium salt-tolerant crops (above 0.1% for chloride and soda salinity,
and 0.2% in case of chloride and chloride-sulfate salinity). However, in
the upper 0-20 cm-layer the content of easily soluble salts must be less
than 1%.
Soils of the cryptogleyic subtype have dusky gray or dark "steel"
gray colors in the middle and lower parts of the profile. There is an
increase in organic matter mobility and content, hence, the total thickness
of the humus-enriched part of the profile increases. Cryptogleyic Dark
Solonetzes occur in depressions on weakly drained plains due to periodic
excess of atmospheric and/or ground water moistening. The ground water
table is at depths of 2.5-4 m.
The top-tiirbated subtype is identified by the properties of the
upper horizon composed of the fragments of the humus-accumulative,
solonetzic and, sometimes eluvial horizons. The lower part of the
solonetzic horizon should remain intact.
Type: LIGHT SOLONETZES
AY-(EL)-BSN-BCA-Cca,s
Unlike the Dark Solonetzes, the Light ones have a friable lighthumus horizon with thin platy laminated (scaly) structure. Deeper in the
profile at the transition to the solonetzic horizon, may be a thin bleached
fine platy or stratified eluvial horizon. The solonetzic horizon is dark
reddish brown, compact, with compound columnar and prismatic
structure that parts to several sizes of angular blocks. Humus-clay
Development of natural vegetation with consequent changes in moisture
regimes and soil properties (Transl. Note).
"' Regular microcatenas with elevations less than 0.5in in arid and cold areas
(Transl. Note).
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coatings on ped faces are less abundant than in the Dark Soionetzes, and
are lighter in color. The carbonate-accumulative horizon beneath the
solonetzic is less compact than the latter, has prismatic structure, and has
secondary carbonates, among which beloglazka forms are dominant. In
the depth interval of 50-200 cm less compact horizons occur. They have
weak structure and accumulations of soluble salts and gypsum. Gypsic
and salt-containing horizons are located differently in accordance with
the trends of landscapes evolution: in case of the development towards
steppe conditions ("steppization"), the gypsic horizon is higher in the
profile than the saline horizon, whereas their inverse position indicates
the rise of the ground water table.
The profile differentiation in terms of clay and CEC is more
pronounced than in the Dark Soionetzes: clay content in the solonetzic
horizon is 2-5 times, and the CEC is 1.5-3 times higher than in the
topsoil. Humus content is 1.5-3%, CEC is close to 10 cmol(+) kg"'. Soil
reaction is weakly alkaline to alkaline and may be even neutral. The
proportion of exchangeable sodium varies widely and may be as much as
20-40% of the CEC.
Light Soionetzes are common in dry steppes, semi-deserts, and a
few occur in deserts. In the former classification system they
corresponded to chestnut and semi-desertic Soionetzes.
Subdivision into subtypes is the same as for the Dark Soionetzes
(typical, saline, cryptogleyic, top-turbated). Cryptogleyic Light
Soionetzes have a dull gray color, dark coatings on ped faces in the
solonetzic and lower lying horizons and prominent salinization in the
latter. Cryptogleyic Light Soionetzes occur on weakly drained plains in
micro- and mesodepressions, with mineralized ground water at depths of
3-6 m.
Type: DARK CRYPTOGLEY SOLONETZES
AU-(EL)-BSNth(q)-BCAth,q-Qs
The main diagnostic property of these Soionetzes is the occurrence
of distinct cryptogley manifestations in the profile. The dark-humus
horizon, gray or dark gray, may be underlain by a thin, sometimes
fragmentary, whitish eluvial horizon. The solonetzic horizon is basically
grayish, and there are also dark gray brown coatings on the walls of the
prisms. Below the solonetzic horizon the horizons specified by
accumulations of carbonates, gypsum and soluble salts display clear
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cryptogley features: gray or olive chroma, black and gray humus
coatings, and iron segregations as fine mottles and soft concretions.
The thickness of the horizons above the solonetzic horizon
sequence varies widely, as does the depth of carbonates and gypsum.
The Dark Cryptogley Solonetzes occur in steppe and dry steppe
in sites where the ground water table is at a depth of 1-3 m, and the
mineralization of ground water is high. Soils correspond to the former
meadow-chernozemic Solonetzes.
Subtypes are recognized by salinity, and turbation in the upper
horizons.
Types and Subtypes o ^ Solonetzes
Subtypes features
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Type: LIGHT CRYPTOGLEY SOLONETZES
AY-(EL)-BSN(q)-BCAq-Q,s
These soils differ from their Dark counterparts by their lighthumus horizon. Olive gray coatings on the ped faces occur in the
solonetzic horizon and below. The profile differentiation of clay and CEC
is also more conspicuous.
The Light Cryptogley Solonetzes occur in the south of dry steppe
zones and semi-desert, in sites with shallow (1-3 m) mineralized ground
water. These soils correspond to the former low-humus meadow-chestnut
Solonetzes.
Subtypes are identified by salinity, and turbation in the upper
horizons.
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Type: DARK AGRO-SOLONETZES
PU-BSNth-BCAth-Cca,s
The main diagnostic feature is tlie occurrence of the agrogenically
transformed dark-humus horizon in the profile. This horizon is underlain
by an undisturbed solonetzic horizon, or at least its lower unchanged part,
which is responsible for the preservation of some features inherent to
native Solonetzes in the modified ones. Small fragments of the solonetzic
horizon are permitted to occur within the agro-dark-humus horizon.
These soils form by agricultural reclamation of deep, sometimes
medium species of Dark Solonetzes. Continuous plowing contributes to
an advanced homogeneization of the arable horizon, along with a certain
decrease of exchangeable sodium and an increase in the depth of salt
accumulations.
Subtypes are recognized by salinization, cryptogley features and
agrogenic transformations of the upper horizons.
The cryptogleyic subtype is identified by dusky gray color in the
upper part of the profile, abundant dark coatings, and strong salinization
below the solonetzic horizon. The subtype of agroheterogenic soils is
recognized by fragments of solonetzic horizon in the plow layer
overlying an intact portion of a solonetzic horizon. The agroheterogenic
Dark Agro-Solonetzes are derived from shallow and medium species of
Solonetzes.
Diagnostic for the agrogenically compacted soils is the fine
crumb angular structure apparently compacted and lacking any intrapedal
voids. When dry these soils shrink and very coarse rhombohedral blocks
30-50 cm in diameter are formed. The bulk density is above the optimal
limit, it is more than 1.3-1.4 g/cm^.
Type: LIGHT AGRO-SOLONETZES
PY-BSN-BCA-Cca,s
An agrogenically transformed light-humus horizon is of primary
importance for diagnosing this kind of Solonetzes. Although the surface
layer is homogeneous, it may contain fragments of solonetzic horizon.
The latter is preserved completely or partially.
The Light Agro-Solonetzes are formed by reclamation and longterm farming on deep or medium species of Light Solonetzes.
Subtypes are recognized by the characteristics of salinity,
cryptogley features and agrogenic transformations of the upper horizons
{typical, saline, cryptogleyic, agroheterogenic).
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Type: DARK CRYPTOGLEY AGRO-SOLONETZES
PU-BSNth(q)-BCAth,q-Qs
The main characteristic differentiating these soils from their natural
analogs is the agrogenically modified dark-humus horizon, which may
contain few small fragments of the solonetzic horizon incorporated by
tillage. They are formed by reclamation of deep and some medium
species of Dark Solonetzes. The long-term plowing promotes the
homogeneization of the topsoil, and a decrease in exchangeable sodium
and greater depth of soluble salts.
Subtypes are recognized by characteristics of salinity, and
agrogenic transformations of the upper horizons {typical, saline,
agroheterogenic, agrogenically compacted).
Type: LIGHT CRYPTOGLEY AGRO-SOLONETZES
PY-BSN(q)-BCAq-Qs
These soils differ of their native analogs by having a
homogenized light-humus horizon although a few inclusions of the
solonetzic horizon may exist. These soils are formed by reclamation of
deep and some medium species of Light Solonetzes.
Subtypes are recognized by characteristics of salinity, and
agrogenic transformations of the upper horizons {typical, saline,
agroheterogenic).
1.4.2. SOLODS
The following major sequence of horizons is diagnostic for
different types of Solods, though their combinations and properties are
different. There is always a bleached eluvial (solodic) horizon strongly
impoverished in clay and sesquioxides. It is underlain by a compact
prismatic textural horizon, frequently with a marble-like color pattern and
dark humus-clay coatings. An underlying carbonate-accumulative
horizon is the third member of the triad.
The types of Solods are differentiated by topsoils and
manifestations of gley. All the Solods display a sharp profile
differentiation in pH values. The topsoil always tends to be acid, while
the lower horizons are alkaline.
^wv-Solods occur in the forest-steppe to dry steppe zones in shallow
depressions, like the "steppe saucers" under birch and aspen shrubs and
"limans" which are large ancient fluvio-lacustrine flat valleys.
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Type: SOLODS
W-EL-BT-BCA-Cca(s)
In the profile of soils of this type the eluvial horizon is beneath a
weakly developed organic horizon, or sod, or litter, steppe mat, or it may
be exposed. A humus-accumulative horizon is absent. The eluvial
(solodic) horizon is strongly bleached, often has Mn-Fe segregations, is
impoverished in clay, sesquioxides, exchangeable bases, and has an acid
reaction. The boundary with the textural horizon is sharp. The latter
horizon has a prismatic structure. In its upper part light-colored skeletans
are common and iron-manganic nodules are frequent. The horizon is very
compact when dry. Vertic features may be identified, as well as vertical
cracks 1-2 cm wide. There is a carbonate-accumulative horizon, which
may merge into a gypsic horizon and/or a horizon with water-soluble salt
accumulations.
Subtypes are recognized by gley features and mechanical
disturbance in the upper part of the profile. The gleyic subtype has a
marbled color pattern of the textural horizon along with bluish-rusty
mottling in the lower part of the profile (on 30-80% of a vertical section).
In the top-turbated subtype, well-preserved coarse fragments of the
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bleached eluvial and dark textural horizons are recognized, sometimes
there are also fragments of the weak organic horizon and its abundant
roots. The major part of the textural horizon remains undisturbed. The
typical subtype represents the centra! image of the soil.
Type: LIGHT (SODDY) SOLODS
AY-EL-BT-BCA-Cca(s)
The diagnostic characteristics of these soils is the presence of a
light-humus horizon that is 10-15 cm thick and contains 1.5-3% humus.
Other properties are similar to those of Solods. Soddy Solods are
encountered in the steppe and dry steppe areas.
Subtypes are recognized by gley features, and mechanical
turbations in the upper part of the profile. The gleyic subtype is
recognized by a marbled color pattern of the textural horizon along with
bluish-rusty mottling at a depth of about Im (30-80% of the vertical
section). In the top-turbaled subtype, well-preserved fragments of the
humus-accumulative, bleached eluvial and upper part of the dark textural
horizons are recognized. The major part of the textural horizon remains
undisturbed.
Type: DARK SOLODS
AU-EL-BTth-BCA-Cca(s)
In contrast with the Light Solods, the Dark ones have a
prominent dark-humus horizon, 15-50 cm thick with a humus content of
3-8%, and sometimes as much as 15%. Dark coatings are abundant in the
textural horizon, and a few humus coatings penetrate into the carbonateaccumulative horizon. Dark Solods are common in the northern steppe
and forest-steppe areas.
Subtypes are recognized by cryptogley features, and mechanical
disturbance of the upper part of the profile. The cryptogleyic subtype is
identified by dull gray and olive mottles in the textural horizon and in the
deeper ones containing carbonates and gypsum.
Type: LIGHT (SODDY) GLEY SOLODS
AY-EL-BTg-BCAg-Gca(s)
The main characteristics of these soils are similar to those of their
non-hydromorphic analogs, except for manifestations of gley. These soils
have a predominance of bluish or dull gray color in the textural horizon.
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This "cold" chroma becomes more conspicuous in the carbonate-enriched
cyrptogley horizon. Gypsum may be found at depths of 2-3 m.
Soddy Cryptogley Solods occur in dry steppe, in sites with rather
high ground water tables (1.5-3 m).
There are only two subtypes - typical and top-turbated.
Type: DARK CRYPTOGLEY SOLODS
AU-EL-BTth,q-BCAq-Q(s)
In contrast to Dark Solods, these soils have distinct cryptogley
features, such as dark lustrous colors in the lower part of the humus
horizon, as well as olive and dull gray mottles and bands in the textural
horizon and diffuse grayish white carbonate mottles of impregnation.
Dark Cryptogley Solods occur in the steppe and forest-steppe
zones in sites where the ground water levels are at depths of 1.5-3 m.
The top-turbated subtype is recognized by disturbance of the
upper part of the profde where there is a mixture of fragments of humusaccumulative, solodic and upper part of the textural horizon. Remnants of
the textural horizon exist below the disturbed layer. This subtype is
thought to be formed only from 'thin' humus-accumulative horizons of
Dark Solods.
Type: PEAT GLEY SOLODS
H-Elg-BTg-BCAg-G
Diagnostic for this type is the peat or mucky horizon, 10-30 cm
deep, associated with strong gleying of the mineral part of the profile.
The organic horizon may be underlain by a humus-enriched layer, then
by a deep (up to 20 cm and more) eluvial (solodic) horizon - bluish white
with rusty mottles and concretions. The next mottled (rusty+bluish)
textural horizon with prominent gley manifestations is gradually replaced
by the water-bearing gley (cryptogley?) horizon with carbonates at the
depth of 100-120 cm.
Soil reaction is weakly acid in the topsoil, approaches the neutral
one in the middle part of the profile, and becomes weakly alkaline in its
bottom. Humus content in the topsoil is equal to 4-6% and may be
higher.
Peat Gley Solods occur under birch forests with sedge and under
wet meadows in deep depressions with long-lasting surface water
logging. In Central Yakutia with its permafrost, they may appear at flat
plains under larch taiga.
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Two subtypes are specified: typical and top-turbated. In the latter
subtype tiie upper mixed horizon is composed of coarse fragments of
organic, solodic and textural horizons.
Type: LIGHT (SODDY) AGRO-SOLODS
PY-(EL)-BT-BCA-Cca(s)
The diagnostic horizon in these soils is the agro-light-humus
horizon, frequently followed by the undisturbed lower part of the eluvial
(solodic) horizon, transitional to the textural one. As for other properties,
soils are similar to native light Solods.
Subtypes are specified by gley features, and by agrogenic
transformations recorded in the upper part of the profile.
The gleyic subtype is peculiar by its marbled color pattern of the
textural horizon along with bluish-rusty mottling in the lower part of the
profile (30-80% of the vertical section). The subtype of agroheterogenic
soils is identified by the fragments of solodic or textural horizons
included into the agro-dark-humus horizon.
Type: DARK AGRO-SOLODS
PU-(AU)-EL-BTth-BCA-Cca(s)
These soils are identified by an agrogenically modified darkhumus horizon whose composition depends on the thickness of the initial
upper horizons. The agrogenic horizon may either be formed within the
initial dark humus horison if it was thick enough, or it may be a
homogenized mixture of the dark-humus and part of the solodic horizons.
In the first case the lower part of the initial dark-humus horizon may be
preserved, while in the second the agro-dark-humus horizon is underlain
by the undisturbed remnants of the solodic horizon. Other properties are
the same, as those of their native soil counterparts.
Subtypes are recognized by cryptogley features, and agrogenic
modification of the upper part of the profile. The cryptogleyic subtype is
identified by humus mobility, along with gray and olive mottles in the
middle and lower horizons. The subtype of agroheterogenic soils is
identified by fragments of solodic horizon in the agrogenically modified
horizon. This corresponds to the initial stages of agricultural reclamation
of Dark Solods having a rather shallow humus-accumulative horizon.
The agrogenically compacted soils have fine crumb angular
structure (likely to be pressed) and lacking any intrapedal voids; when
dry, soils are strongly cracking, and very coarse rhombohedrai blocks 3095

50 cm in diameter are formed. The bulk density is above the optimal limit
(1.3-1.4 g/cm^).
Type: LIGHT (SODDY) GLEY AGRO-SOLODS
PY-(EL)-BTg-BCAg-G(s)
The main difference between these soils and their native analogs
is the presence of a human-modified agro-light-humus horizon. The
undisturbed lower part of the solodic horizon is also of diagnostic
importance.
There are two subtypes - typical and agroheterogenic The latter
contains fragments of solodic and/or textural horizons in its upper
modified part.
Type: DARK CRYPTOGLEY AGRO-SOLODS
PU-(AU)-EL-BTth,q-BCAq-Q(s)
These soils are identified by an agrogenically modified darkhumus horizon whose composition depends on the thickness of the initial
dark-humus horizon in yhe native soil. The agrogenic horizon may either
be formed within the original dark humus horizon if the latter is thick
enough, or it may be a homogenized mixture of the dark-humus and part
of the solodic horizons. In the first case the lower part of the initial darkhumus horizon may be preserved, while in the second the agro-darkhumus horizon is underlain by the undisturbed remnants of the solodic
horizon. Deeper in the profile is a textural horizon with cryptogley
features overlying a carbonate-accumulative and cryptogley horizons.
The subtypes are identified by features produced by agrogenic
impacts on the upper part of the profile.
The subtype of agroheterogenic soils is identified by the
fragments of solodic horizon in the agrogenically modified horizon. This
corresponds to the initial stages of agricultural reclamation of Dark
Cryptogley Solods having rather shallow humus-accumulative horizons.
The agrogenically compacted soils have fine crumb angular
structure (likely to be pressed) and lack intrapedal voids. When dry,
these soils are strongly cracked and very coarse rhombohedral blocks SOSO cm in diameter are formed. The bulk density is more than the optimal
limit (1.3-1.4 g/cm"*).
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1.5.0RDER: Metamorphic Soils
"ypes and subtypes of Metamorphic soils order
Subtypes
Types
features
Burozems
Raw-humus
Pale soils
Burozems
+
+
+
Typical
+
+
Podzolized e
+
Clay-illuvial t
+
Humus-illuvial hf
+
+
+
Gleyic g
+
+
+
Top-turbated tr
+
Pale raw-humus
+
Solodized e
+
Pale-gray AY-AU
Agroheterogenic hr

Agro-Pale
soils
+

+

+

The profiles of all soils of this order are weakly differentiated
morphologically. They consist of a mull or raw-humus (moder) humusaccumulative horizon and a brown (reddish brown, pale brown)
metamorphic horizon which is formed by in situ ferrugination processes
and pedogenic re-arrangement of the solid phase. The reaction is mostly
acid to weakly acid. The profile humus pattern is accumulative, and the
ratio of humic acids to fulvic acids varies considerably. Particle-size and
bulk chemical compositions do not change along the profile, or a weak
eluvial-illuvial redistribution of clay and iron oxides may be observed.
Type: BUROZEMS
AY-BM-C
These soils are identified by a humus-accumulative horizon up to
20-25cm in thickness (AY) directly overlying a metamorphic horizon.
The soils are acid or weakly acid. Base saturation varies over a
wide range: 30-90%. Humus content is also variable: 4% to 10%^^ (rather
rarely it reaches 15%), and 1-2% in the subsoil. Humus is always of
fulvic type, with Cha\Cfa ratio of 0.3-0.7. Physical properties of soils are
usually of high quality: they have a water-stable structure, high porosity,
and good water and air permeability in the upper part of the profile.
High humus content is explained by the admixture of raw humus.
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Burozems are formed under hardwood and coniferous-hardwood
forests mainly on stony loamy eluvium and deluvium, or on coarsetextured materials rich in primary weatherable minerals providing good
drainage and predominance of oxidative conditions as well as leaching of
carbonates. Humus horizons may be slightly enriched in non-silicate iron,
sometimes in clay.
The subtypes are recognized by evidence of podzolization,
illuviation of clay and/or iron oxides together with organic compounds,
redoximorphic features, and natural or agrogenic turbations of the upper
horizons.
The typical subtype corresponds to the basic diagnostic
properties of Burozems. In the profiles o{podzolized Bmozems there are
mottles of bleached sand and silt grains in the lower part of the humus
horizon. Morphological and chemical indications of eluvial-illuvial
redistribution of iron-organic compounds may be revealed. Podzolized
Burozems are more common on stony or light-textured parent rocks.
Clay-illuvial Burozems are recognized by slight textural
differentiation of the profile along with the presence of clay coatings in
the middle part of the profile. Kd for clay is below 1.4. These soils occur
on stony loamy parent material. The gleyic subtype has redoximorphic
features (30-80% of a vertical section) either in the upper horizons
(surface-gley), or in the transitional zone to the parent rock (deep-gley).
The upper part of the profile of soils referred to the top-turbated subtype
is characterized by mixing of the humus-accumulative and metamorphic
horizons.
Type: RAW-HUMUS BUROZEMS
AT-(AY)-BM-C
A raw-humus AT horizon is diagnostic for this type. It may be
underlain by another humus-accumulative horizon over a rather
homogeneous metamorphic horizon in which organic matter illuviation
may occur. The organic matter content in the raw-humus horizon is often
15-30%, and in the humus-accumulative horizon it is 8-10%. Humus is
humic-fulvic in composition (Cha\Cfa = 0.5-0.7). Deep penetration of
humus into mineral layers is common; at depths of 50-100 cm the
content of humus may be 1.5-2% and even 3%o.
Soils are acid or weakly acid, but in the uppermost part of the
profile the pH may be strongly acid. Base saturation ranges within 40% to
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90%. The soil is enriched in nonsiiicate iron; it is accumulated in the
topsoii along with deep iliuviation.
Raw-humus Burozems are wide spread in the middle and
southern taiga of Middle Siberia, and in the forests of the upper vertical
belts in the mountains of the Urals, south of Siberia and Far East.
The subtypes are recognized by weakly expressed features of
podzolization, iliuviation of organic compounds, gley, and mechanical
turbations in the upper part of the profile.
The typical subtype corresponds to the diagnostics of Rawhumus Burozems, and properties transitional to other types are absent.
The/70öfeo//ze(i subtype is identified by bleached mottles in the lower part
of the humus horizon and evidence of clay iliuviation in the middle part
of the profile.
The subtype oi humus-illuvial soils is characterized by the profile
differentiation of organic compounds and non-silicate iron. The content
of illuviated humus may be 4-5%. Humus-illuvial soils occur in the
humid areas in the south of the Far East.
The pale-raw-humus subtype is recognized by weak
manifestations of the Al-Fe-humus process, such as a rather sharp
decrease in organic matter content with depth and a lower content of
oxalate-extractable iron. The pale-raw-humus subtype is an intergrade to
Pale soils of extreme continental areas of Siberia. The subtypes of gleyic
and top-turbated axe similar to those in other Burozems.
Type: PALE SOILS

(AT)-AY-BM(ca)-(BCA)-C(ca)
The humus profile is represented by a light-humus horizon, which
may be an intergrade to the dark-humus one; moreover, it may be
overlain by a raw-humus horizon. The total thickness of these horizons is
5-20 cm. They overlay a light brown (pale) metamorphic horizon, 20-40
cm thick, with granular structure and iron films on the surfaces of mineral
grains. In the lower part of the profile, a carbonate-accumulative horizon
may be formed with secondary carbonates as pseudomycelium (on loamy
parent material), or pendants on the lower surfaces of stones.
Pale soils are acid or weakly acid in the upper horizons, and
neutral to alkaline in the lower ones. The exchange capacity is 15-20
cmol(+)/kg'' in the upper horizons and the base saturation is rather high.
The content of humus is 2-5% in the topsoii, and it is much lower with
depth. The composition of humus is humic-fulvic or fulvic, and weakly
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hydrolyzed substances are abundant in all horizons. The profile
differentiation in terms of clay and sesquioxides is either weak, or absent.
Important as a diagnostic feature is the low proportion of oxalateextractable forms in the non-silicate iron.
The morphological diagnostics of Pale soils are rather vague as
there are no properties unambiguously separating Pale soils of their
neighbors. They are, however, restricted to quite a definite soil forming
environment. Their "ecological niche" of Pale soils is in an extremely
continental semi-humid climate with continuous permafrost in the taiga
and tundra zones. The depth of seasonal thawing is 1-2 m.
The division into subtypes is preliminary and is based on eluvial
bleaching and gley, character of the humus-accumulative horizon and
mechanical turbation recorded in the topsoil. Thus, two individual
subtypes are proposed: solodic and pale-gray. The former may be
identified by bleaching in the lower part of the humus-accumulative
horizon, either as mottles, or as separate lenses.
The pale-gray subtype of Pale soils must have pronounced
features of the dark-humus horizon in the topsoil. A raw-humus horizon
is prohibited.
Type: AGRO-PALE SOILS

PY-BM(ca)-(BCA)-C(ca)
These soils differ from the Pale soils by their agrogenicaliymodified top horizon which is formed usually at the expense of a humusaccumulative and upper metamorphic horizons.
The subtypes are recognized by gley and pedoturbations in the
topsoil {typical, gleyic, top-turbated).
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1.6. ORDER: Humus-Accumulative Soils
Soils of the order have a well pronounced, usually deep, darkhumus horizon. It symbolizes the essence of this order. The intermediate
B horizon may be: carbonate-accumulative, clay-illuvial, metamorphic,
or vertic. Humus is an advanced mull, tightly bound to the mineral solids
and is fulvic-humic, or humic. The profile is not differentiated in texture
or bulk total sesquioxides, or it is slightly differentiated (Kd < 1.4).
Type: CHERNOZEMS
AU(ca)-BCA-Cca
Two horizons are diagnostic for Chernozems, namely: an upper
dark-humus and an underlying carbonate-accumulative.
The dark-humus horizon is regularly and homogeneously colored
by humus, its color is dark gray to black. Brownish or reddish brown hues
are not common. The consistence is friable ~ the bulk density is ca.
Ig/cm^, the structure is granular, composite, arranged in high-order units
(clods, or crumbs). The depth variations are broad: from 30-40 cm to
150-170 cm. The horizon is rich in meso- and microfauna and has
abundant coprolites. Carbonates are few (1-2%, up to 5% CO2), and may
be found at any depth - effervescence with the hydrochloric acid may be
recorded from the soil surface to the bottom of the humus-accumulative
horizon. Carbonates are hardly recognizable in the profile, as
morphological manifestations these may be dot-like efflorescence on ped
faces or internal walls of any voids (earthworms channels and chambers,
root holes). More frequently they may be encountered in the lower part of
the humus-accumulative horizon.
The carbonate-accumulative horizon has the highest (in the
profile) concentration of pcdogenic, or secondary, carbonates; it is
located directly under the humus-accumulative horizon, or slightly
beneath its lower boundary. The carbonate-accumulative horizon is
similar to the parent material in color, it has a weak structure, which may
be prismatic-subangular blocky. Secondary carbonates are easily
recognized as "pseudomycelium" (veins, tubes), or loose segregations "beloglazka"
The humus content in the upper part of the dark-humus (AU)
horizon under native vegetation ranges from 3.5-4.5% to 12-14%. At the
lower boundary of the horizon it equals 1.5-2%. The composition of
humus is dominated by humates, however, beyond the lower boundary of
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the humus-accumulative horizons fulvic acids start to prevail, and the
Cha\Cfa ratio becomes less than 1.
Types and subtypes of the Humus-accumulative soils order
(native soils)
Types

Subtypes features

e
g
u

Is
M
+

Typical
Segregationary bn
Migrational-mycellary m,bn
Migrational-segregationary mg
Cryomycellary mc, g
Impregnated ca
Southern bn,i
Solonetzic sn
Saline s
Solodized e
Vertic v
Cryptogleyic q
Podzolized (e)
Top-turbated tr

+
+
+
+
+
+
+
+
+
+
+
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6
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+
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+

+
+
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Chernozems are usually neutral in the major part of their solum,
and weakly alkaline in its bottom. The CEC in the upper part of the
humus-accumulative horizon is high (30-40 cmol(-l-)kg"'.), and decreases
downward displaying a good correlation with the profile curve of humus
content. Calcium is dominant in the exchange complex, the proportion of
sodium does not surpass 5% of CEC. The smectite component is
regularly distributed in the profile, or a weak eluvial trend may be
recorded owing to a small increase in hydromica content in the upper part
of the profile.
Chernozems were formed under meadow-steppe or steppe
vegetation on unconsolidated calcareous sediments of different origin,
and medium to fine texture.
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The main criteria to specify the subtypes of Chernozems concern
modifications of the carbonate-accumulative horizon and the carbonate
profile, which are indicative of regional features of paleopedogenesis and
current hydrothermic regimes; other criteria for defining subtypes are
diagnostic properties corresponding to alkalinity, salinity, solodization,
cryptogley and vertic phenomena.
The diagnostics of the segregationary subtype are closest to that
of the type. The mean thickness of the AU horizon is 60-70 cm with
variations from 40 to 80 cm. The humus and carbonate profiles partially
coincide. The carbonate maximum is distinct, it is located just beneath the
humus-accumulative horizon or is displaced downward relative to the
effervescence boundary by 15-25 cm. Secondary carbonates are mainly
presented by segregation forms: beloglazka "^and impregnation mottles.
Segregationary Chernozems occur in moderately continental
areas of the European Russia under steppe vegetation. The areas in TransVolga regions are small and few. These soils correspond to ordinary
Chernozems in the former classification systems.
The migrational-mycellary subtype is characterized by active
migrations of soil solutions in the profile resulting in the properties of the
carbonate profile. Its upper horizon recognized by the depth of
effervescence is unstable in time and location in the profile; the latter
varies from 25 cm (sometimes the soil surface) to 120-130 cm. The
carbonate-accumulative horizon is extended, deep and quantitatively
indistinct. The secondary carbonates are presented by dot-like
efflorescence on ped faces and pore walls in the lower part of the humusaccumulative horizon and directly beneath it, and by veins or tubes in the
carbonate-accumulative horizon. The carbonate profile may completely
or partially coincide with the humus profile.
Indications of vertical translocation of organo-mineral substances
are found in the humus-accumulative horizon, these are dark ped faces as
compared with the ped interiors.
The depth of humus accumulations exceeds that in other subtypes:
60-120 cm, most common it is equal to 80-100 cm.
The migrational-mycellary Chernozems occur in moderately
continental areas of the forest-steppe of European Russia and in the
foothills of the Caucasus under meadow-steppe vegetation; in the Trans-

Russian "white eye" {Transl. note).
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Volga regions and to the east of the Urals they are confmed to specific
landforms - ancient terraces of large rivers and piedmont plains.
The migrational-segregationary subtype has a peculiar
combination of features inherent to the two above subtypes. The humus
profile, similar to that of migrational-mycellary subtype partially or
completely coincides with the carbonate profile. The latter has an
unstable upper boundary (in time and space), dot-like efflorescence of
secondary carbonates on ped faces and pore walls in the lower part of the
humus horizon and directly under it. At the same time, the carbonateaccumulative horizon is clearly localized and contains beloglazka and
impregnation mottles, like the segregationary subtype. Strong biological
activity and numerous coprolites are common, the latter frequently
substitute for the natural structure of the humus-accumulative and even
carbonate-accumulative horizons.
Soils belonging to the migrational-segregationary subtype occur in
Stavropol Upland and Kuban Lowland. In the southern part of these areas
the depth of humus horizons reaches very high values of- 140-160 cm.
The properties of the cryo-mycellary subtype are determined by
the prolonged seasonal icy frost at the depth of 2.5-3 m. Its summer
melting maintains rather high moisture of the carbonate-accumulative
horizon, whereas the humus-accumulative one is quickly dried. The
humus horizon is not thick (up to 50 cm) and has an abrupt lower
boundary. As in the migrational-mycellary Chernozems, secondary
carbonates in the CA horizon are presented by mycellary forms. The
carbonate maximum is indistinct, it embraces the subsoil (50-60 cm), and
is characterized by a stable content of carbonates. The upper boundary of
the carbonate profile is abrupt; it coincides with the lower boundary of
the humus-accumulative horizon, or may be located deeper; migrations of
solutions are reduced, migrational forms of carbonates are absent. The
humus and carbonate profiles are separated. Gley features are common
above the frost layer.
The main areas of these soils are in the - forest-steppe of Western
and Middle Siberia.
The southern (glossic) subtype is recognized by distinct
horizonation, with prominent contrasts between horizons in color and
structure, and abrupt boundaries. The humus-accumulative horizon is not
thick (up to 50 cm), has a rather coarse structure, close to the subangular
blocky. The carbonate maximum is clearly localized, the carbonateaccumulative horizon is compact, subangular blocky-prismatic,
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sometimes with dark coatings and segregationary forms of secondary
carbonates: impregnation mottles and beloglazka. The upper boundary of
the carbonate profile is located within the humus horizon, it is even and
stable. Many desiccation cracks with dark-humus infiUings are observed.
They are narrow, wedge-like and continue downwards as black fine
tongues to depths of 70-100 cm, or more. Biological activity is low.
Southern Chernozems occur under dry-steppe vegetation on the
plains of European Russia, and Trans-Volga regions, in particular.
Impregnated subtypes are identified by shallow (up to 30 cm)
humus-accumulative carbonate-free horizon underlain directly by the
impregnated carbonate-accumulative horizon. The impregnation is
regular throughout the horizon, or occurs as diffuse streaks and mottles.
Soils occur in continental arid landscapes of Western and Middle Siberia.
Soils of the solonetzic subtype have indications of alkalinity
within the humus profile: compaction, vertical prismatic structure,
mobility of organic substances and peptized colloids. There are many
dark coatings on ped faces below the humus-accumulative horizons.
Gypsum and soluble salts appear in the lower part of the profile.
Solonetzic features are disclosed by "the step-like kinetics of swelling of
the soil mass" (diagnostic properties of the solonetzic horizon, Chapter
4). The proportion of exchangeable sodium in the exchange complex is
5-10%.
Soil reaction is alkaline or close to alkaline. The textural
differentiation of the profile is moderate to weak (Kd=1.2-1.4).
Chernozems belonging to the saline subtype contain soluble salts
in the upper 100cm of their profiles, the concentration of sahs should
exceed the toxic level for moderately salt-tolerant crops (>0.1% for
chloride and soda composition of salts, and >0.2% for chloride-sulfate or
sulfate composition). There are no restrictions for the upper limit of salts
concentration in the profile, except the upper 0-20 cm layer, where it
must not exceed 1%.
The solodized subtype is identified by a specific combination of
profile textural differentiation (whitish skeleton grains in the humusaccumulative horizon and subangular blocky prismatic structure beneath
it) with a carbonate-accumulative horizon. Clay redistribution along the
profile is common (Kd = 1.2-1.4), as well as of iron oxides; humus
substances are slightly mobilized; soil reaction tends to alkalinity, and
exchangeable sodium is infrequent in the exchange complex.
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Vertic properties are diagnostic for the vertic subtype. They are
pronounced in the lower part of the humus horizon or below it in the
layer 40-100 cm. The properties include; elevated viscosity and low
water permeability of the moist soil, very coarse vertical prisms in the dry
soil, high compaction, firmness, and low intrapedal porosity. Slickensides
are obligatory. They are 1 to 6 cm large in one dimension and have
different inclination angles. The upper part of the humus-accumulative
horizon has properties similar to those of other Chernozems: friable
consistence, granular-crumb structure with numerous intrapedal voids,
and coprolites. The humus-accumulative horizon is usually 70-110 cm
thick, and has 3-8% humus in its upper part. The carbonate-accumulative
horizon is not obligatory.
Vertic Chernozems are confined to silty clays of the PreCaucasus region.
Cryptogleyic Chernozems are characterized by prolonged
pellicular-capillary moistening of the subsoil, which has neutral or
alkaline pH. Because of this, the usual redoximorphic features do not
appear, and are substituted by weak olive hues of the carbonateaccumulative horizon, mobility of humus and predominance of
impregnated and concretionary forms of secondary carbonates. The
humus-accumulative horizon remains under good drainage conditions,
and is practically the same, as it is in the other Chernozemic subtypes.
However, a larger structure is possible accompanied by a darker color
(lower values) with a very slight bluish gray chroma. The content of
humus and depth of the humus-accumulative horizon may be a bit higher
as compared to other Chernozems (by 1-2% and 10-15 cm, respectively).
Soils are formed when additional moistening of the profile is
maintained by soil-ground waters occurring at depths of 2.5-5 m, or by
temporary surface excessive moistening due to the surface runoff
accumulation. These soils are confined to weakly drained lowlands,
negative landforms on plains, river terraces and concave parts of the
slopes. They were formerly termed meadow-chernozemic.
Type: CLAY-ILLUVIAL CHERNOZEMS
AU-BI-C(ca)
Two horizons are diagnostic for these soils: dark-humus and a
clay-illuvial, which is rather compact, subangular blocky prismatic with
illuviation coatings on the lower ped faces. Carbonates may occur in the
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lower part of the profile, or they are absent. They are not regarded as
diagnostic for the clay-iliuviai Chernozems.
Micromorphological data reveal a weak instability of the solid
phase matter and mobility of organo-mineral soil components. Against
the background of spongy-aggregated fabric inherent to all Chernozems
and coagulated humus-clay plasma in the topsoil, dark films in the
peripheral parts of aggregates may be discovered. Clay mobility in the
clay-illuvial horizon is identified by low clay aggregation and organicclay illuviation coatings and porostriated b-fabric.
Despite the existence of morphological and micromorphological
evidences of fine material translocation, it is weak and does not result in
conspicuous profile textural differentiation: Kd for clay is below 1.4.
There is a profile differentiation (of eluvial type) of the smecfite
component.
The clay-illuvial Chernozems are close to the mycellarymigrational subtype of Chernozems by parameters of humus content and
thickness of humus accumulations. The CEC and its profile distribution,
and exchangeable Ca/Mg ratio are similar to those of Chernozems,
though a certain amount of exchangeable hydrogen appears (up to 10% of
exchange capacity). Reaction is weakly acid in the humus horizon and
becomes neutral with depth. Base saturation is almost 100%; in the upper
part of the soil the total acidity may come to 7-15 cmol(+) kg''.
Clay-illuvial Chernozems occur in the European and Siberian
forest-steppe on unconsolidated parent material, carbonate-free or with
low carbonate content (of any kind), under meadow-steppe vegetation in
open areas, on the periphery of forests, and under sparse deciduous
forests. Clay-illuvial Chernozems correspond to the former subzonal
subtypes of leached and podzolized Chernozems with all their facies
modifications.
Subtypes are recognized by profile differentiation, and features of
gley or cryptogley.
The typical subtype corresponds to the central image of the type.
Morphological and micromorphological evidences of clay migration are
distinct, while the textural differentiation is hardly revealed by analyses
(Kd <1.2). Humus content ranges within 5-12%, CEC 30-45 cmol(+) kg'.
Exchangeable Ca prevails, exchangeable hydrogen is absent or composes
less than 5% of the exchange capacity; pH is ca. 6 in the humus horizon
and becomes neutral downwards.
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Podzolized c\ay-i\\uv\a\ Chernozems are identified by a bleaching
in the lower part of the humus horizon manifested as whitish powder
(skeletans) on the faces of undisturbed aggregates. Skeletans are
composed of bleached, coating-free grains of quartz and feldspars. The
textural differentiation is weak, although recognizable (Kd 1.2-1.4). An
increase in soil acidity is also recorded in the upper part of the solum:
exchangeable hydrogen is 5-10% of the CEC, pH is 5.0-6.5, and total
acidity - 5-10 cmol(+) kg'. In terms of humus content and depth of
humus horizons, CEC values, occurrence of carbonates and depth of
effervescence this subtype is similar to the typical one.
Gleyic clay-illuvial Chernozems have features of gley in the
middle and lower parts of the profile as fine rusty, bluish and lustrous
gray mottles. Mobility of humus is recorded as gray coatings in the clayilluvial horizon giving it an irregular color pattern. There is a whitish
powdering in the lower part of the humus horizon, along with ironmanganic nodules 1-3 cm in size, which may be also found in the lower
part of the profile. Compared with the neighboring automorphic
Chernozems, the gleyic subtype has a deeper humus horizon (by 10-15
cm) and contains more humus (by 1-2%). The development of gleyic
subtypes is enhanced by excess of moisture related to the surface runoff
more frequently than to the mixed surface-ground water moistening.
Cryptogleyic soils have larger structural units with firm
consistence compared to non-gleyed soils, and have a lustrous gray color
and obvious humus mobility. The color of ped faces in the clay-illuvial
horizon is olive-gray, common carbonate accumulations are
concretionary, impregnation or marl-like type. Humus accumulation is
more advanced as compared with non-gleyed automorphic soils. Reaction
is neutral throughout the profile, there is no exchangeable hydrogen.
Cryptogleyic clay-illuvial Chernozems are usually associated with
ground-water effects and are encountered in the same topographic
positions as soils of the gleyic subtype.
Type: DARK VERTIC SOILS
AU(v)-V-C(V)
The diagnostic of the type is based on the identification of a
vertic subsoil occurring not deeper than 60 cm and having distinct
indications of pedoturbations as slickensides, 1cm to 15-20 cm in size,
with opposite inclination and wedge-like structure.
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Vertic features may be traced beyond the vertic horizon in the
layers between 20 and 150 cm, sometimes even deeper.
The humus horizon, commonly 40-70 cm thick, has an abrupt
lower boundary, very dark color, angular and fine subangular blocky
structure that is water-unstable, and so compact that the intrapedal voids
are practically absent. The vertic part of the profile is sticky and plastic
when moist, hard and dissected into coarse prismatic blocks by fissures
when dry. These prisms are 20-30 cm in diameter.
The density depends on moisture, and it decreases to 1.0-1.3
g/cnv' when moist and raises to 1.6-1.8 g/cm" when dry. The swelling
degree is from 25-40%. Low water permeability and low reserves of
active moisture (Active Moisture Range (AMR) is 80-100 mm, which
corresponds approximately to 50-60% of the AMR in Chernozems) are
common.
Micromorphological studies reveal low aggregation throughout
the profile, weak pedogenic and zoogenic reworking of the soil matrix,
and occurrence of carbonified plant residues in the humus horizon testify
to the current periodical excessive moistening.
The clay mineralogy is dominated by hydromica and smectite,
the latter reaching its maximum content in the vertic horizon. Humus
substances penetrate into the inter-lattice space and produce a very dark
color of the soil. This assumption explains the dark color of the soil even
in case of a rather low humus content (3-4%).
Fine fractions dominate the particle size: 40-60%) of clay, 7080%) of physical clay, with coarse silt not exceeding 20%). The profile
distribution of clay is homogeneous, however, a weak increase (by 5 10%)) with depth is possible.
Bulk chemical composition of soil and clay does not display any
features of profile differentiation.
The CEC is high, as much as 50 cmol(+) kg', with magnesium
making up 25-50%) of the CEC, however, its content usually increases
with depth. Exchangeable sodium is scarce - less than 5%. In terms of
humus accumulation these soils are close to Chernozems: the content of
humus in the topsoil is 3-8%, with Cha/Cfa = 1.5-2. The fraction of
humic acids bound to clay minerals and stable sesquioxides is high and
labile compound of humic acids may be more abundant in the upper
horizons.
Carbonates may be present in the profile at any depth; however,
their segregations in the form of nodules with iron oxides admixture, or
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as amorphous lime always occur below Im. Gypsum and water-soluble
salts may be encountered in the lower part of the solum.
Dark Vertic soils are formed under meadow-steppe or steppe
vegetation on unconsolidated fine textured sediments, mostly on preQuaternary clays, including the saline ones, with clay content above 40%.
They occur as local areas in the forest-steppe and steppe of the PreCaucasus.
Subtypes are identified by solonetzic and cryptogleyic features.
Type: CHESTNUT SOILS
AU-BMK-BCA-Cca(s)
The diagnostics of the type are based on the identification of a
specific metamorphic mid-profile horizon occurring immediately under
the humus one. This BMK horizon is bright in color and chestnut or
reddish brown, rather compact, subangular blocky and fine prismatic,
without coatings on ped faces. Peds are 1-1.5 cm in size, isometric, but
with a slight vertical orientation.
The metamorphic Chestnut horizon was formerly regarded as the
lower part of the humus horizon (transitional to the parent rock) and
indicated as ABl or Bl, because of its rather high humus content: 1.51.8%, the variation being 1.3-2.0%. However, the interpretation of this
horizon's features only as a transition to the C horizon marked by the
decrease in humus seems to be incorrect. The specific color and structure
enable us to presume that there is a genetic background, which is not
completely clear yet. Nevertheless, the BMK horizon is a reliable
discriminative criterion between Chestnut soils and southern (glossic)
Chernozems - their proximate neighbors in both genetic and geographical
space.
The profile of Chestnut soils consists of a humus-accumulative
AU horizon, 15-25 cm thick (not surpassing 30 cm in most soils),
followed by a gray with a brownish or reddish brown color, granular fine crumb structure chestnut metamorphic horizon with the lower
boundary at 35-50 cm, and the carbonate-accumulative horizon, compact,
subangular blocky to prismatic, with dark coatings and secondary
carbonates. The latter are represented by impregnation mottles and
beloglazka. There are many deep cracks with dark humus-enriched
infillings and dendritic continuation of cracks to depths of 80-100 cm and
more. Hence, the carbonate-accumulative horizon is mottled in color:
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dark bands and mottles are dispersed over the brown or yellow brown
matrix.
Effervescence with hydrochloric acid is common at 30-50 cm,
the upper boundary of secondary carbonates ranges within 45-70 cm,
water-soluble salts appear deeper than 130-150 cm.
The profile of Chestnut soils is distinctly differentiated in terms
of density: it is 1.0-1.2 g/cm in the humus horizon, in the chestnut
horizon the density increases to 1.35-1.45 g/cm"', and it continues to
increase in the carbonate-accumulative horizon - 1.5-1.6 g/cm'\ whereas
it drastically decreases if water-soluble salts and gypsum are abundant.
The particle size and total chemical compositions are basically
stable along the profile, although a weak clay accumulation (up to 5-7%)
in the middle part of the profile may exist.
The content of humus in soils under native vegetation is about
3.5-5.0%. As the texture becoming more sandy, it decreases to 2.5-3.0%.
The composition of humus may be either humic-fulvic or vice versa, with
the Cha/Cfa ratio remaining narrow. CEC ranges from 25-40 cmol(+) kg"'.
In accordance with texture, a maximum in the chestnut horizon is
common. Exchangeable calcium is 3-5 times more than magnesium,
while sodium is scarce: its usual proportion is 3-5%, sometimes - up to
10% of the CEC. A neutral, or weakly alkaline reaction in the upper part
of the profile is replaced by the alkaline one in the subsoil.
Chestnut soils are formed under dry-steppe vegetation, on
unconsolidated calcareous sediments, mostly loamy or clay loamy.
Subtypes are identified by solonetzic, salinity and cryptogleyic
features, and by anthropogenic modfications of the topsoils.
Solonetzic subtypes have evidences of solonetzic properties in
the metamorphic chestnut horizon which is dark reddish brown, or
grayish dark reddish brown, has a coarser prismatic structure and more
shiny ped faces in comparison with the typical subtype. Clay may be
accumulated in this horizon, up to 6-10%, which corresponds to a
Kd=1.4-1.5 in the humus horizon. In this case, the latter is lighter in
color, or even a weak bleaching may be recognized along with weak platy
structure. Exchangeable sodium is 5-10% of the CEC, or even more.
Soluble salts do not rise higher than 100 cm.
The upper meter in soils of the saline subtype contains soluble
salts whose concentration exceeds the toxic level for moderately salttolerant crops (> 0.1% for chloride and soda salinity, and 0.2% for
11 1

chloride-sulfate and sulfate salinity), if the concentration of salts in the
upper 20 cm is below 1 %.
The humus horizon has a considerably darker color in the
cryptogleyic subtypes, a crumb - granular structure, and humus
substances penetrate deeper into the solum, so that the content of humus
remains 1% at a depth of 50-60 cm. The content of humus in the AU
(PU) horizon is always by 1-1.5% higher than in the topsoils of
neighboring automorphic soils. Manifestations of humus mobility as
gray-olive diffuse mottles are common in the middle part of the profile.
Effervescence boundary descends to 0.5 m and deeper, secondary
carbonates appear at 80-100 cm, and soluble salts are at 150-200 cm and
deeper. Cryptogleyic Chestnut soils are associatedd with excessive
atmospheric moisture that accumulates in the depressions. Less
frequently, ground water at depths of 3-5 m may affect the soil profile.
The top-turhated soils are recognized by their upper mixed
horizon consisting of coarse fragments of the metamorphic chestnut
horizon included in the material of the humus-accumulative one. The
subtype is specified for soils at the initial stages of reclamation.
Type: CHERNOZEM-LIKE SOILS
AU(g)-BIVIg-Cg
The profile differentiation into horizons is indistinct, humus
impregnation penetrates deep into the solum (60-80, up to 100 cm), and
redoximorphic features occur everywhere. Bluish and rusty mottles occur
in the middle part of the profile and Fe-Mn nodules are concentrated
mostly in the upper horizon. Carbonates are absent in the profile.
Bleached grains may be identified in the lower horizons that are
presumably related to temporary water stagnation.
The profile is composed of a dark-humus horizon, dark gray to
black in color, with a stable crumb-granular structure and fine Fe-Mn
nodules. It is underlain (gradual transition) by a transitional grayish
brown crumb to fine crumb horizon with nodules, fine rusty mottles and
whitish skeletans on ped faces. Below is a metamorphic brown (dark
brown, or grayish brown) horizon which is always moist, has a fine
crumb or unstable fine granular structure, humus coatings, many rusty
mottles, and abundant bleached skeleton grains on ped fees.
Soils are fine textured containing 35-45% clay, and a weak
eluvial-illuvial clay pattern may be present. As for chemical profile
differentiation, it is recognized for the total aluminum, while iron is
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distributed homogeneously because of its gley mobilization followed by
segregation in nodules. The total chemical composition of clay displays
no profile differentiation.
The content of humus in the upper horizon ranges from 4-10%
humus is fulvic-humic in composition. The CEC is high (25-45 cmol(+)
kg'), and the exchange complex is almost saturated, calcium is
predominating, and magnesium making up 25%. Soil reaction is weakly
acid: pH 5.8-6.5.
These soils occur under steppe-like meadows on weakly drained
lowlands and ancient river terraces, and in the interfluves in the areas
with monsoon climate. The latter is identified by maximum rainfall, often
intensive, in summer, the snow cover is poor, so soils are deeply frozen
down to 2-3 m. Permafrost persists during the vegetation period and
serves an aquiclude. Parent materials are alluvial-lacustrine clays and
loamy clays, free of water-soluble salts and carbonates.
The largest area of the Chernozem-like soils are the southern
plains of the Far East where some of them were known as "soils of Amur
prairies".
The solodic subtype has evidences of eluvial bleaching at the
interface of the humus-accumulative and metamorphic horizons.
Type: AGRO-CHERNOZEMS
PU-AU(ca)-BCA-Cca
These soils are identified by the agrogenically modified darkhumus horizon formed within the upper part of the humus horizon of
native soils as a result of replacement of the natural phytocenoses by
crops. Hence, soil climate, biota, current regimes and soil forming
processes are drastically changed. The agrogenically modified horizon in
Chernozems is impoverished in humus approximately by 1/3 of its initial
content versus the same layer of the natural soil (2.5 to 8-9%). The
spatial variability of humus horizon properties decreases in the plowed
soils, and labile humus substances, weakly fixed by calcium predominate.
This alteration in humus formation trends is induced by the rearrangement of the soil mass, and the degradation of the natural structure
are preserved only at the level of microaggregates. The disaggregated
(apedal) soil material becomes consolidated into strong blocks, and may
be comminuted only by tillage into pseudo-structural water-unstable
units, almost without intrapedal voids. The pore space re-arrangement
affects the soil hydrological regime, water permeability, water
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consumption, and range of available moisture. The composition of the
plow horizon is also changed due to application of fertilizers and other
chemicals. The upper horizon of Agro-Chernozems may be regarded as a
component of the agroecosystem and is produced by the current
agrogenic evolution of Chernozems.
The profile of an Agro-Chernozem consists of an agrogenically
modified dark-humus horizon, the lower undisturbed part of the initial
dark-humus horizon, and a carbonate-accumulative horizon.
The subtypes are identified in the same way as in native soils,
and also by agrogenic transformations of the agro-dark-humus horizon.
Thus, there are 11 subtypes - analogs of native soils, and the 12-th agrogenically compacted subtype. It is recognized by weak coarse
angular blocky structure along with apedal material; the peds seem to be
compressed and lack interior voids; there is a strong fissuring when
drying producing large rhombohedrical blocks 30-50 cm in diameter.
The bulk density strongly exceeds the optimal one (1.3-1.4g/cm^).
Type: CLAY-ILLUVIAL AGRO-CHERNOZEMS
PU-AU-BI-C(ca)
These soils differ of their natural analogs by the occurrence of the
dark-humus agrogenically modified horizon in the upper part of their
humus profile. It contains 5 to 9% humus, is underlain by the dark-humus
horizon and is due to long-term agricultural land use. Specific features of
the agrogenically modified horizon are the same as described in the
previous section for Agro-Chernozems.
The subtypes are identified in the same way as in native soils,
and also by agrogenic transformafions of the agro-dark-humus horizon the agrogenically compacted subtype whose properties are the same as of
its analog in Agro-Chernozems.
Type: AGRO-DARK VERTIC SOILS
PU-AUv-V-Cv
These soils are identified by the agrogenically modified darkhumus horizon-which is strongly compacted within the upper part of the
humus profile (bulk density reaches 1.45-1.50g/cm^). The compaction is
a consequence of the low water stability of the natural structure and high
proportion of the water-peptized clay. This human-modified horizon is
slightly impoverished in clay (5-7%) relative to the native soils due to
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erosion in the course of the self-mulching process; the content of humus
ranges from 2 to 5%.
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The subtypes are identified in the same way as in native soils,
and also by agrogenic transformations of the agro-dark-humus horizon:
there are also agrogenically compacted and saline subtypes.
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Type: AGRO-CHESTNUT SOILS

PU(ca)-(AUca)-BMKca-BCA-Cca(s)
These soils are identified by the agrogenically modified
homogeneous dark-humus horizon, which has a gray-dark brown color
and weak coarse subangular blocky and crumb structure. Depending on
the thickness of the initial humus-accumulative horizon, the modified
horizon may be composed either entirely of its material, or consist of
continuously reworked upper part of the chestnut metamorphic horizon
mixed with the humus-accumulative one. In the latter case the color of
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the topsoil is of higher value. The average humus content is 2.5-3.5%, its
limits are 2 and 4%.
The subtypes are identified in the same way as in native soils;
moreover, the properties of the agro-dark-humus horizon identify the
agrogenically compacted and agroheterogenic subtypes. The latter
subtype is identified by the incomplete homogeneization of the
agrogenically modified horizon: it contains structural elements of the
chestnut metamorphic horizon.
Type: AGRO-CHERNOZEM-LIKE SOILS
PUnn-AUg,nn-BMg-Cg
These soils are identified by the homogeneous agro-dark-humus
horizon formed by agricultural reclamation in the upper part of the native
Chernozem-like soils.
The subtypes are identified in the same way as in native soils,
and also by agrogenic transformations of the agro-dark-humus horizon;
this is the agrogenically compacted subtype.
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1.7. ORDER: Low-Humus Carbonate-Accumulative Soils
Soils in this order have a weak surface humus formation, slight
metamorphism, and a strong enrichment in carbonates which is
accompanied by an eluvial-illuvial redistribution of the latter in the
profile. Soils are alkaline or weakly alkaline, base-saturated; gypsum and
easily soluble salts are common in the lower part of the solum. These
soils are confined to the semi-desertic regions of the Low Volga basin.
Type: BROWN ARID

AY(ca)-BMca-BCA-Cca,s
Brown Arid soils have a shallow profile consisting of a surface
porous crust 2-4 cm thick, a light-humus "subcrust" horizon that is 12-15
cm thick, light gray or light brown, friable, with a laminated-platy
structure. It is underlain by a metamorphic brown or light brown
moderately compact, coarse crumb horizon overlying a carbonateaccumulative horizon that has angular and subangular blocky structure
and is lighter in color. The saline horizon usually occurs at a depth of 60100 cm. These soils display a weak profile differentiation in color and a
distinct one in structure. The eluvial-illuvial clay pattern is insignificant,
humus content is low (1-1.5%), and the humus is humate-fulvic. There is
a weakly alkaline reaction in the topsoii (pH 7.4-7.6) that becomes
alkaline with depth (pH 8.2-8.8). The CEC is 20 cmol(+)kg', with 2-3%
sodium and 20-25% magnesium.
Brown Arid soils comprise the former Brown Semi-desertic soils
and Light Chestnut soils.
Subtypes are specified by solonetzic, salinity, cryptogley features,
as well as by indications of topsoii mixing.
The typical subtype corresponds to the central image of the type.
The solonetzic subtype differs of the typical one by stronger
compaction and solonetzic properties in the metamorphic horizon,
namely, subangular blocky and prismatic structure and evidence of clay
illuviation. The alkaline reaction is common to the whole profile with 713% sodium and 25-50%) magnesium in the CEC. The content of humus
is less than \2%.
The subtype of saline soils has easily soluble salts in the upper 100
cm. Their concentration is above the toxic level allowable for medium
salt-tolerant crops (above 0.1% for chloride and soda salinization, and
0.2%) in case of chloride and chloride-sulfate salinization). However, in
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the upper 0-20 cm-layer the content of easily soluble salt must not
surpass 1%. Soil reaction is alkaline throughout the profile.
Cryptogleyic soils are identified by greasy gray or olive mottles in
the lower part of the profile. They have a high humus content, up to 3%,
and deeper occurrence of carbonates, gypsum and easily soluble salts
than the typical subtype. They may be encountered in depressions due to
additional atmospheric moisture.
The top-twbated soils have mixed topsoils containing coarse
fragments of the humus-accumulative and metamorphic horizons.
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1.8. ORDER: Organo-Accumulative Soils
Soils of this order have a distinct surface humus-accumulative or
mucky horizon and a gradual transition to the unaltered parent material.
A transitional subhorizon is common. It has a grayish color due to lower
humus content. It lacks definite structural arrangement and does not have
any indices of substances translocation either in suspension, or in
solutions. That is, there are no accumulations of organo-mineral matter,
salts, etc. A B horizon as an individual genetic phenomenon is absent.
Soils of the order have a high correlation with bioclimatic
conditions and exist in various environments. Their properties, profile
composition and development strongly depend on the parent material.
Types and Subtypes of Organo-accumulative soils order
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Type: SODDY (LIGHT-HUMUS) SOILS

AY-C(ca)
The type consists of soils with a light-humus horizon overlying
parent material. The humus horizon is gray with brown or reddish hue, hs
structure is crumb, or granular-crumb. The thickness of the light-humus
horizon ranges within 5-50 cm, and is usually greater on coarse -textured
soils. The content of humus is between 1.5-3% in the uppermost, rootsaturated layer 5-10 cm thick, and it may increase with depth to 10-12%,
then decrease drastically beneath the humus-accumulative horizon. The
composition of humus is humic-fulvic: Cha\Cfa ratio does not exceed
0.7-0.9.
The profile is not differentiated in terms of texture or chemical
composition; the only exception is the accumulation of biophilous
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elements in the upper part of the AY horizon. The soils are acid in the
upper part of the solum, and may be near neutral in its lower part. The
exchange capacity is moderate to high in the humus-accumulative
horizon, 30-35 cmol(+)kg"', and base saturation is low: 50-80%.
Carbonates may be residual (primary) or absent. The profiles are
frequently stony, and rock fragments commonly increase with depth.
Soddy soils occur under a wide range of climatic conditions:
from the tundra wetlands and cryo-aridic tundra-steppes to forest-steppe
and alpine landscapes in high mountains. Herbaceous vegetation is an
important soil-forming agent occurring as grasslands and open forests
with a dense grass cover. Parent materials are non-consolidated, of any
texture, they may be calcareous or carbonate-free (carbonate till, preQuaternary carbonate clays), and skeletal or stone-free. Rather common
are eluvium and deluvium of calcareous sandstones, marl, and noncarbonate sedimentary rocks.
The subtypes are based on features indicating some weak
modifications of the mineral material in the middle part of the profile.
They are, however, insufficient to qualify them as diagnostic for a full
horizon. These modifications testify to further probable evolution of
Soddy soils.
The soils of the typical subtype have the most simple profile
composition corresponding to the type diagnostics. Soils of the clayilluvial subtype are deeply decalcified, and weak illuviation of fine
fractions is recognizable by fine coatings on the pore walls and surfaces
of rock fragments. Profile differentiation of clay or bulk chemical
composition is very weak. These soils are weakly acid and have base
saturation of 60-80%.
The iron-illuvial subtype is characterized by a rather thick humus
profile of low humus content (1.5-3%) over a zone of yellowish and rusty
mottles with diffuse boundaries testifying to translocation of iron
compounds. The profile is only weakly differentiated chemically and
morphologically. Soils are slightly acid and base saturafion equals 80%,
and there are no carbonates. The iron-illuvial Soddy soils are confined to
sands, loamy sands and sandy loams.
Redoximorphic features on 30-80% of a vertical section are
diagnostic for the gleyic subtype. In the top-turbated soils the upper
horizon is composed of the fragments of AY horizon and parent material.
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Type: DARK-HUMUS SOILS
AU-C(ca)
A dark-humus horizon more than 30 cm thick is diagnostic for
these soils. The humus content is more than 3%, and its composition is
dominated by humic acids (Cha\Cfa > 1). The AU horizon is dark gray to
black with a brown or reddish hue, has a strong crumb-granular structure
and is friable (bulk density is about 1). This horizon is separated from the
parent material by a transitional horizon, which is lighter in color than the
overlying horizon and contains 1-1.5% humus.
The soils are neutral, sometimes weakly acid in the upper part of
the profile, and weakly alkaline in the lower part. The exchange capacity
is high (> 30 cmol(+)kg"') and the soils are base-saturated.
The Dark-Humus soils are formed on the same parent materials
as the Soddy soils (coarse-textured sediments excluded) under
herbaceous vegetation mainly in forest-steppe and steppe, under meadowsteppe vegetation in high mountains; and some occur in the southern
taiga.
Subtypes are recognized by gley and metamorphism (weathering)
features in the middle part of the profile. Thus, the subtype of
metamorphic soils has weak manifestations of pedogenic structural
metamorphism. The middle part of the profile, beneath the humus
horizon is rather compact, has a weak crumb structure, and lacks
indications of clay movement. There are no coatings on ped faces, and no
textural or chemical differentiation of the profile. Soils of the gleyic
subtype have redoximorphic features on 30-80% of a vertical section,
complemented by bluish hue of the humus-accumulative horizon, and
"'caviar-like" or weakly stratified structure of the latter.
T y p e : MUCKY SOILS
H-C
The type is identified by the only mucky horizon gradually
merging into the parent rock.
The profile begins with a shallow peat-like litter (up to 5 cm
thick), over a dark gray to black, sometimes reddish black mucky horizon
of smeary consistence whose average thickness is 10-15 cm, and may be
as much as 20-30cm. The organic matter content is more than 35%. Rock
fragments are common in the mucky horizon and have dark organomineral coatings. The transitional horizon to the parent material is
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composed of rock fragments and coarse sandy fine earth impregnated by
mobile organic substances. These soils are frequently excessively
moistened but distinct gley features are absent.
These soils are acid to neutral, organic matter is of fulvic, or
humic-fulvic composition. The profile is not differentiated in texture or
bulk chemical composition.
Soil formation proceeds under conditions of additional moisture
from surface runoff It is associated with good profile drainage and lateral
surface and soil runoff. The soil forming materials are stony eluvium and
deluvium of silicate sedimentary rocks, sometimes very coarse sands.
Mucky soils are often confined to concave parts of steep slopes at the
sites of ground water discharge. These conditions occur in the mountain
subalpine belt, as well as on the plains within tundra, forest-tundra and
northern taiga zones.
Only one subtype is identified - typical Mucky soils.
Type: RENDZINA
AU(ca)-Mca
Rendzinas have a friable fine crumb structured humusaccumulative horizon approximately 30 cm thick which is underlain
(below a transitional horizon) by the almost unchanged eluvium of hard
calcareous rock, or directly by the calcareous rock. The total thickness of
the fine earth layer is more than 30 cm.
The content of humus in the AU horizon is high: 5-8%, and it
quickly decreases with depth; the composition of humus is fulvic-humic
(Cha\Cfa> 1). The soils are neutral in their upper parts and alkaline in the
lower ones. The CEC is high - up to 40-50 cmol(+) kg'' in the humusaccumulative horizon, and the soils are base-saturated. The bulk chemical
and particle-size compositions are almost homogeneous throughout the
profile, except for a weak accumulation of biophilous elements and clay
in the topsoil. The soil profile is rich in primary carbonates both in the
broken rock fragments and in the fine earth.
Rendzinas occur under a wide range of climatic conditions on
hard calcareous rocks.
The clay-illuvial subtype has a significant redistribution of clay
related to leaching of carbonates from the fine earth. The transitional
horizon becomes more compact, its color acquires brown hues, and a
coarse weak structure may be discernible. Clay-illuvial Rendzinas are
more common on the hard rock eluvium about 50 cm thick.
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Type: MUCKY RENDZINA
H(ca)-l\/lca
The mucky horizon is important for this type. It is underlain by
hard calcareous rock or its eluvium. The black, sometimes reddish black,
mucky horizon of smeary consistence has an organic matter content more
than 35%. The proportion of humic and fulvic acids is almost equal.
The soils are neutral in their upper parts and weakly alkaline in
the lower parts. The CEC is high (35-40 cmol(+)kg''), and the soils are
base-saturated.
Mucky Rendzinas are formed on hard calcareous rocks or their
eluvium and deluvium in tundra, forest-tundra and northern taiga.
Only one subtype is identified - typical mucky Rendzina.
Type: AGRO-SODDY SOILS
PY-AY-C(ca)
These soils differ of the native Soddy soils by their agrogenic
horizon, which is formed within the initial humus-accumulative one. The
remaining part is easily separated from the plow layer by structure,
consistence, and sometimes, by color. If the whole humus profile is
transformed by tillage, the soil would be classified as a (Light) Agrozem.
The system of subtypes is the same, as for native Soddy soils:
typical, clay-illuvial, iron-illuvial, and gleyic.
Type: AGRO-DARK-HUMUS SOILS
PU-AU-C(ca)
These soils are derived from Dark-Humus soils due to farming
activities. Their human-modified horizon overlays the remnants of the
natural AU horizon unchanged by tillage. The difference in structure,
consistence and, sometimes color between the arable and remnants of the
initial AU horizon should be obvious. The criteria for identifying
subtypes are the same as for native soils. Hence, there are typical,
metamorphic, and gleyic subtypes.
Type: AGRO-RENDZINA
PU(ca)-AU(ca)-M{ca)
These soils are formed by agricultural development of Rendzinas.
They are identified by the agrogenically modified horizon which is
formed within the initial humus-accumulative one. The lower preserved
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part is easily separated from the agrogenic horizon by structure,
consistence and by some other diagnostic properties.
As in native Rendzinas, two subtypes are specified: typical, and
clay-illuvial.
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1.9. ORDER: Humus-Accumulative Hydrogenically
Transformed Soils
Soils of the order have a dark-humus or mucky horizon that
gradually grades into non-differentiated (in terms of chemical and
particle-size compositions) hydrogenically altered parent material. The
transformations are identified either in morphologically obvious features,
such as gley horizons, or as less distinct properties. The latter ones
comprise "cold" gray or olive hues, mobility of organic matter, and
specific forms of secondary carbonates, which are diagnostic
characteristics of cryptogley horizons.
•'.•//
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Type: HUMUS-GLEY SOILS
AUg-G(ca)
Soils of this type have a dark-humus horizon 20-50 cm thick
with crumb, granular, or granular caviar-like structure, and distinct gley
properties, namely: "cold" gray or olive hues, fine rusty mottles and
nodules. A thin layer of peat, raw humus or muck may be encountered on
the soil surface. The humus-accumulative horizon is underlain by a
transitional horizon of gray brown color, with varying intensity of gley,
subangular blocky to crumb structure, and bluish gray coatings on ped
faces. The transition to the gley horizon is gradual. Carbonates occur as
diffuse mottles in the middle part of the profile, or are absent.
The content of fulvic-humate humus ranges within 3 to 15%. Soil
reaction is weakly acid or neutral and it may be weakly alkaline in the
lower part of the solum; base saturation is above 70%.
Humus-gley soils occur in depressions under meadows on
weakly drained plains and terraces mainly in the taiga and forest-steppe
zones. The excess of moisture is maintained by the surface runoff (during
a month or less) and mineralized ground water at a depth of l-3m. The
moisture regime is characterized by seasonal contrasts: periodically
percolative regime alternates with the periodically exudative.
The subtypes are identified by the character of the organic
horizon {typical, mucky), manifestations of vertic properties or
weathering phenomena {metamorphic) in the intermediate part of the
profile. The latter subtype is recognized by "structural metamorphism" subangular blocky and crumb structure in the lower part of the humus
profile.
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Type: HUMUS-CRYPTOGLEY SOILS
AUq(ca)-Qca(s)
Humus-Cryptogley soils are characterized by a well developed
thick (30-70 cm) dark-humus horizon; its color being dominated by
"cold" gray or olive hues. The structure is crumb-caviar-like and
granular. The lower boundary is irregular. Fine rusty mottles and soft
iron-organic segregations are common, and there are evidences of the
alternating aeration conditions.
The content of humus ranges within 3 to 10% and may be as
much as 15%. Its composition is fulvic-humate (Cha/Cfa=2), humic
acids bound to calcium predominate.
The soil reaction is neutral or weakly alkaline and the exchange
complex is base-saturated.
The humus-accumulative horizon is underlain by a transitional
horizon of dusky gray or olive color with humus impregnation mottles
and diffuse soft carbonate segregations. It may be weakly alkaline in the
lower part of the profile The cryptogley horizon is olive gray and
enriched in carbonates.
Humus-Cryptogley soils occur in depressions on weakly drained
plains and river terraces within the steppe and forest-steppe zones under
mesophytic meadows. The excess of moisture is maintained by surface
runoff (during approximately a month), and a high (1-3 m) ground water
table. The ground water mineralization may vary. In terms of landscape
position and properties the Humus Cryptogley soils correspond to the
former "meadow soils".
The subtypes are identified by manifestations of solonetzic,
salinity, vertic, and solodic features and development of the "meadow
marl".
The solonetzic subtype is recognized by some compaction and
prismatic structure in the humus-accumulative horizon. The reaction is
alkaline; humus displays mobility features, and the exchange complex
contains sodium. The subtype of saline soils is recognized by easily
soluble salts in the upper 100 cm. Their concentration is above the toxic
level recorded for medium salt-tolerant crops (above 0.1%) for chloride
and soda salinization, and 0.2% in case of chloride and chloride-sulfate
salinization). However, in the upper 0-20 cm-layer the content of easily
soluble salt must be less than 1%. Solodized soils have a whitish color or
mottles in the lower part of the humus horizon. Vertic properties along
with Assuring, mostly in the transitional zone between the humus126

accumulative and the cryptogley horizon, are recognized in the vertic
subtype. They are confined to fine-textured sediments. Soils classified as
marled have continuous carbonate impregnation or abundant carbonate
segregations of hydrogenic origin. They occur in evaporative lacustrine
depressions, and in blind deltas affected by mineralized waters.
Types and subtypes of the of Humis-accumulative Hydrogen ically
Transformed soils order
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Type: MUCKY-GLEY SOILS
H-AUg-G(ca)
Soils of this type have a moderately thick (20-35 cm) mucky
horizon of dark color and smeary consistence. It may be composed of
several layers with different stages of organic matter decomposition; the
mucky horizon is underlain by a thin dark-humus horizon of dusky dark
gray color with Fe-Mn concretions and nodules. The transition to the gley
horizon is recognized by "the marbled" color pattern (alternating gray,
blue, bright rusty veins and mottles), and quirk-like structure. The gley
horizon lacks any structure and is dominated by bluish gray colors.
The content of humus is mostly more than 10%, and may be as
much as 20-25%. The reaction is weakly acid to neutral in the topsoil
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(pH 5-7), base saturation is above 90%, and carbonates are usually
absent.
Mucky-Gley soils are formed under the permanent effect of
strongly mineralized ground water, or a combination of water logging by
surface runoff and fluctuating ground water table in depressions.
Vegetation may be wet meadows or bogs in mixed forests with a dense
grass cover.
The subtypes are typical and clay-mucky. The latter has an
undifferentiated organic horizon 20-30 cm thick composed of watersaturated organo-mineral material. Its clay component is partly deposited
by surface runoff.
Type: MUCKY-CRYPTOGLEY SOILS
H-AUq-Qca(s)
In these soils the mucky horizon may have a thin peat like layer
in its upper part. The horizon is dark gray, of smeary consistence, with
crumb structure and is underlain by a thin (< 15 cm) dark-humus horizon.
The whole sequence of organic horizons, has rusty mottles and ironorganic concretions and nodules that testify to alternating aeration
conditions. The underlying hydrogenically modified layer lacks structure,
is enriched in carbonates and dominated by dusky gray or olive gray
chroma, though its upper part is heterogeneous in color owing to very
dark humus impregnations and light colored diffuse carbonate
segregations.
The content of humus may be 20-25%. The pH values are neutral
or alkaline, and the exchange complex is base-saturated.
Mucky-Cryptogley soils are formed due to surface and ground
water excessive moistening: long-term stagnation of the capillary fringe
close to the surface, or inundation during a month or more. Mucky
Cryptogley soils are common in depressions on flat plains and river
terraces in the forest-steppe and steppe zones under meadow-bog and
swamp vegetation on calcareous parent materials. Ground waters of
various mineralization occur at depths of 1-1.5 m. The former name of
these soils was "meadow-boggy".
The subtypes are recognized by properties of organic horizon,
solonetzic features, salinization and presence of secondary marl. Thus,
the clay-mucky subtype is recognized by a high content of clay in the
mucky horizon deposited by the surface runoff They are encountered in
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deep depressions with abundant water inflow under hydrophilous
vegetation (reeds).
The solonetzic subtype is recognized by compaction and
prismatic structure in the lower part of the humus-accumulative horizon.
The reaction is alkaline and the exchange complex contains sodium.
Whitish powder in the lower part of the humus horizon is infrequent, but
when present the soils are regarded as solodic-solonetzic subtypes. There
are also saline and marled subtypes.
Type: AGRO-HUMUS-GLEY SOILS
PU-AUg-G(ca)
These soils are recognized by the agrogenically transformed
dark-humus horizon formed within the limits of the native humus
horizon. It is more compact, has a weak crumb, or angular crumb
structure. The humus content is by 20-30% less than that of initial soils,
hi case of long-term reclamation and regulated water regime, oxidated
gley may appear: predominance of rusty color and an oxidated-gleyic
subtype is recognized. Typical and metamorphic subtypes are also
identified.
Type: AGRO-MUCKY-GLEY SOILS
PU-H-AUg-G(ca)
These soils have an agrogenically transformed dark-humus
horizon formed within the limits of the native mucky horizon. However,
the lower part of the mucky horizon is preserved and has not been
changed by tillage.
In case of long-term reclamation and drainage, oxidated gley may
appear, which is diagnostic for the corresponding subtype.
Type: AGRO-HUMUS-CRYPTOGLEY SOILS
PU-AUq-Qca(s)
Soils of this type have an agrogenically transformed dark-humus
horizon formed within the limits of the native humus horizon which is
similar in its properties to the humus horizon of Agro-Humus-Gley soils.
The subtypes are identified in the same way as in native soils:
typical, solonetzic, solodic, marled. Compaction by agricultural machines
is responsible for specifying the agrogenically compacted subtype, which
is identified by weak angular structure of the PU horizon (apedal material
is common), the soil mass seems to be compressed and lacks intrapedal
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voids. In case of long-term reclamation and regulated water regime, the
oxidated gley may appear, it is identified by the predominance of rusty
color. In the vertic subtype strong Assuring by desiccation produces
coarse rhombohedral blocks 30-50 cm in diameter. Apparent density is
much higher than the optimal: 1.3-1.4 g/cm^
Type: AGRO-MUCKY-CRYPTOGLEY SOILS

PU-H-AUq-Qca{s)
In these soils diagnostic importance is attributed to the
agrogenically transformed dark-humus horizon formed within the limits
of the native mucky horizon over the preserved lower part of the initial
mucky horizon.
The subtypes are identified in the same way as in native soils:
typical, solonetzic, saline, and marled. The only exception is the absence
of the clay-mucky subtype because soils classified as such in their natural
status are not suitable for reclamation. In very rare cases when it happens,
such soils have no specific diagnostic properties.

130

1.10. ORDER: Gleyzems
These soils are characterized by strongly pronounced gieying of
the mineral material evidenced by cold olive-gray chromas over more
than 80% of a vertical section of the lower mineral horizon. The profile
composition and properties result from reductive mobilization of iron
under prolonged periods of waterlogging, which is enhanced by the icerich permafrost. Under such conditions the mineral mass inherits the
parent material properties, or is hardly altered. Weak textural
differentiation is sometimes recorded, or there may be local segregations
of iron compounds. The reaction is acid, and the composition of humus is
dominated by fulvic acids.
Type: GLEYZEMS
O-G
Gleyzems are the most typical representatives of the order in
terms of their diagnostics, and are characterized by the presence of a gley
horizon under a peat-like litter, sometimes with lenses of mucky material.
The mineral part of the soil is mostly thixotropic and/or cryoturbated.
Weak differentiation of clay (Kd < 1.4) may exist as well as that of total
aluminum oxides. Iron oxides are the most mobile components of the
chemical composition and may occur as local accumulations. Acid or
weakly acid reaction is typical, though on carbonate parent material it
may be alkaline. The humus is dominated by fulvic acids.
Types and subtypes in Gleyzem order
Subtypes features
Gleyzems
Typical
Peat-mucky o
Clay-illuvial t
Iron-illuvial f
Top-turbated tr
Mucky-peat o
Mineral-peat c
Oxidated-gley ox
Agroheterogenic hr
Surface-bleached e

+
+
+
+
+

Rawhumus
Gleyzems
+

Types
Peat
Gleyzems

AgroGleyzems

Agro-Peat
Gleyzems

+

+

+

+
-1-

+

+

-f

4-

-1-

+
+
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Gleyzems occur under a cold humid climate and periodical water
stagnation. The upper boundary of the ice-rich permafrost is within the
soil profile and may act as an aquiclude. Gleyzems are wide spread in
tundra, forest-tundra and partially in taiga areas on unconsolidated
material of various textures except loose sands.
The subtypes are recognized by the properties of the organic
horizon, features indicating textural and iron oxides differentiation, as
well as those inherent to initial stages of anthropogenic modifications.
Type: RAW-HUMUS GLEYZEMS
W-G
Soils of this type are identified by a shallow upper horizon: rawhumus, rarely a humus-accumulative horizon, less than 5 cm deep
overlaying a non-differentiated gleyed sequence. Any differentiation of
clay or sesquioxides is absent. The reaction is weakly acid and base
saturation is low. These soils occur in the continental arctic tundra.
There is only one subtype - typical Raw-humus Gleyzems.
Type: PEAT GLEYZEMS
T-G
These soils have a peat horizon 10 to 50cm thick underlain by a
gleyed sequence with a humus-impregnated upper part. They occur in
local meso- and microdepressions in association with Gleyzems, and in
bogs of the arctic and moss-lichen typical tundra.
An iron-illuvial subtype is recognized by iron oxides
differentiation in the gley horizon, along with a typical one.
Type: AGRO-GLEYZEMS
PT-G
Agro-Gleyzems are formed due to reclamation and tillage of
Gleyzems, or to reclamation of drained peatbogs when the upper part of
the peat layer has been cut or subsided, therefore, their areas do not
coincide with those of native Gleyzems. Agro-Gleyzems occur locally in
the southern tundra under cropland and are more common in the taiga
zone.
Agro-Gleyzems are recognized by an agro-peaty human-modified
horizon, sometimes with mineral admixtures. This horizon is underlain by
undisturbed peat horizon and by a gley horizon.
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Subtypes are recognized by properties of the human-modified
horizon {typical, mineral-peat, mucky-peat) and occurrence of oxidated
gley in the upper part of the mineral sequence resulting of artificial
drainage. Clay-illuvial and iron-iJluvial subtypes, specified in native soils,
cannot be identified for Agro-Gleyzems as tillage destroys the weak
textural differentiation, or iron bands above the gley horizon.
Type: AGRO-PEAT GLEYZEMS
PT-T-G
A homogeneous agro-peat horizon, diagnostic for these soils, is
formed by agrogenic modification of the upper part of peat. The lower
part preserves its initial properties. The total thickness of the arable and
peat horizons is less than 50 cm. They are underlain by a gleyed mineral
sequence with a varying ratio of reduced and oxidated gley features.
Agro-Peat Gleyzems originate by draining and reclaming peat
Gleyzems and peatbogs which were cut and\or subsided to the above
mentioned depth limit. The areas of these soils are frequently combined
with those of Agro-Gleyzems in mapping.
Subtypes are recognized by properties of the human-modified
horizon and occurrence of the reduced gley in the mineral sequence:
typical, mucky-peat, mineral-peat, oxidated-gley.
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1.11. ORDER: Cryozems
Types and subtypes in Ciyozems order
Subtypes features
Typical
Gleyic g
Metamorphic (pale) m

Cryozems
+
+
+

Types
Peat Cryozems
+
+

Tlie order is composed of soils that have beneath their organic
horizons a homogeneous cryoturbated thixotropic mineral sequence of
dusky grayish brown color which is underlain by ice-rich permafrost. The
profile is not differentiated by texture or chemical composition. The
reaction ranges from acid to neutral, and the humus is of the humatefulvic type. Cryozems occur in the continental regions of Middle and East
Siberia with permafrost and a semiarid and semihumid climate on finetextured parent materials
TYPE: CRYOZEMS
0(H,AT,AY)-KR-C
The profde consists of a surface organic layer 5-10 cm thick that
may be peat-like litter, shallow muck or raw-humus horizon or even a
humus-accumulative horizon. The total thickness of organic layers
reaches 10-15 cm. Beneath them, there is a regularly mixed grayish
brown cryoturbated horizon with dispersed plant residues part of which
may be carbonified. The thickness of this horizon is 10-20 cm. It lacks
structure, or may have weak cryogenic-platy structure (platy-prismatic
when frozen) and is impregnated by organic substances (humus content is
close to 1%). The lower part of the cryoturbated horizon is watersatureated, thixotropic, apedal, very compact and homogeneous. The
depth of thawing in summer is between 70 and 90 cm.
Micromorphologically, the mineral horizons are characterized by
granostriated b-fabric (anisotropic clay coating around skeleton grains).
Subtypes are recognized by metamorphism in the middle part of
the profile and gley.
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TYPE: PEAT CRYOZEMS
T-KR-C
These soils are identified by the combination of a peat horizon
with a cryoturbated mineral-organic horizon which is dusky gray brown
and composed of a mixture of mineral material with comminuted
semidecomposed plant residues. The latter provide friable consistence
and higher exchange capacity. The ice-rich permafrost is close to the
surface: 25-40 cm.
The gleyic subtype is similar to the typical but it has
redoximorphic features.
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1.12. ORDER: Lithozems
The order comprises soils having a simple profile with a surface
organic horizon lying directly on hard bedrock. The thickness of stony
fme-earth material in which the organic horizon is formed is less than 30
cm.
Lithozems occur irrespective of natural zones in the areas where
hard rock is close to the surface. The chemical and mineralogical
composition of the rocks is not important for Type classification.
The division into types is based on the properties of organic
horizon. At present, there is only one subtype {typical) in each type
corresponding to the central type image.
Type: PEAT LITHOZEMS
T-M
These soils have a peat surface horizon usually underlain by a
mucky one lying directly on hard bedrock. Fine lenses of weakly humusenriched friable material above the rock are included. Soil reaction is
acid.
Type: DRY-PEAT LITHOZEMS
TJ-M
These soils have a dry-peat surface horizon lying directly on hard
bedrock. The soil reaction is acid to strongly acid.
Type: RAW-HUMUS LITHOZEMS
AT-M
These soils are characterized by a raw-humus horizon, usually
formed under a peat-like litter. Fine lenses of weakly humus-enriched
friable material above the rock are included. The soil reaction is acid,
rarely neutral.
Type: LIGHT (SODDY) LITHOZEMS
AY-M
These soils have a surface light-humus horizon with either an
abrupt, or gradual transition to hard bedrock. The humus is dominated by
fulvic acids. Soil reaction may be acid, neutral, or alkaline.
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Type: DARK (RENDZIC) LITHOZEMS
AU-M
These soils have a surface dark-humus horizon with a strong
crumb-granular structure. The humus is fulvic-humic. Soil reaction is
neutral or weakly alkaline. The most typical representatives are Dark
Lithozems on limestones (shallow stony Rendzinas).
Type: LIGHT AGRO-LITHOZEMS
PY-M

irtlvijh-^f»*

These soils have a light-humus homogenized human-modified
surface horizon with inclusions of the hard rock fragments.
Type: DARK AGRO-LITHOZEMS
PU-M
These soils have a dark-humus homogenized human-modified
surface horizon with inclusions of the hard rock (most frequently
calcareous) fragments.
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1.13. ORDER: Agrozems
Agrozems are soils whose profiles have an agrogenically
modified homogenous topsoil more than 25 cm deep, underlain by a
middle-profile typodiagnostic horizon, or parent material. The transition
from the topsoil is commonly abrupt or clear, but may also be gradual.
The agrogenically modified topsoil is usually a derivative of one or
several upper horizons of native soils (mostly organic, humusaccumulative and eluvial).
Agrozems are considered to be a separate individual order
because they have a distinct, recently formed system of soil horizons.
They are in no way synonymous with prior concepts of well-cultivated^''
or highly productive soils. The initial differences of natural soils at the
type level within orders disappear when soils evolve into Agrozems.
This phenomenon is termed "agrogenic convergence".
Agrozems are divided into types based on properties of their
human-modified horizon, and the character of the subsoil. The latter may
be a middle typodiagnostic horizon or its remainder ("roots"), or parent
material.
T y p e : L I G H T " AGROZEMS
PY-C
In these soils the diagnostic surface agro-light-humus horizon is
more than 25 cm thick and directly overlies parent material. The
transition between these two parts of the solum depends on the duration
and intensity of agricultural practices. In the case of high-input farming
the initially distinct transition with an even boundary gradually becomes
diffuse due to penetration of humus substances into the sub-arable layer.
The reaction is mostly weakly acid or neutral, and in the case of
heavy liming it may become weakly alkaline in the uppermost part of the
profile. The content of humus does not exceed 3-4%, and the humus
composition is dominated by fulvic acids.
The former approach to interpreting and classifying human-modified
agricultural soils presumed the "level of soil cultivation" roughly corresponded
to categories of soil fertility
A possible English name for this type might be also "Light-humus" Agrozems,
we preserved the literal translation as "Light" Agrozems. This remarks refers to
the "Dark" type and Gley and Cryptogley ones {TransLnote)
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Light Agrozems are formed by agrogenic modification of soils
without any specific mid-profile horizon (metamorphic, clay-illuvial,
etc.), or this horizon has been completely assimilated into the
agrogenically modified one. The initial soils of Light Agrozems were
presumably those of the Organo-accumulative order, or less frequently
these were some shallow-profile soils.
Subtypes are recognized by weak gley features and indications of
agrogenic progradation resulting of prolonged and intensive farming.
The central image of the type is presented by the typical subtype.
The subtype of gleyic soils displays morphochromatic gley
features - bluish and rusty mottles over 30-80% of a vertical section in
the gley-affected horizons.
Agroprograded soils are subtypes with distinct humus
impregnation and agricutans in the sub-arable part of the solum. They are
formed by translocation of organic and clay-organic compounds from the
agro-light-humus horizon. The lower boundary of the latter is diffuse.
Type: DARK AGROZEMS
PU-C(ca)
An agrogenic dark-humus horizon more than 25 cm thick is of
primary importance for this soil type. The horizon is underlain by the
parent material, whose upper part may be humus-enriched. This is
detected as the occurrence of dark gray mottling due to agricutans or
faunal activity.
The agro-dark-humus horizon has a neutral to weakly alkaline
reaction. The content of humus exceeds 3~4%, and humus is mostly of
the humate type.
Dark Agrozems usually evolve from shallow or eroded Darkhumus soils.
The same criteria as for the Light Agrozems are applied at the
subtype level, except for an additional one - hard calcareous rocks close
to the surface.
Typical, gleyic, and agroprograded subtypes have the same
properties as their analogs in the Light Agrozems. Cryptogleyic soils have
grayish olive color or olive mottles below the humus-accumulative
horizon. The agro-dark-humus horizon in the rendzic subtype directly
ovelays a hard limestone or any other calcareous rocks. The
agrogenically compacted soils have fine crumb and angular blocky
structure (likely to be pressed) and lack intrapedal voids. When dry, these
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soils are strongly cracked, and very coarse rhombohedral blocks 30-50
cm in diameter are formed. The bulk density is above the optimal limit
(1.3-1.4 g\cm^).
Types and Subtypes of Agrozems order
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Subtypes features
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Type: GLEY LIGHT AGROZEMS
PY-G
The primary difference with the Light-humus Agrozems is the
presence of a gleyic horizon beneath the agro-light-humus one (which is
more than 25 cm thick). The gleyic horizon has a dusky color,
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concretions and other evidence of periodical excess of water. Giey Light
Agrozems are derivatives of Humus-Gley soils.
Subtypes are recognized by the occurrence of oxidated giey and
indications of agrogenic progradation. The oxidaled-gley soils are
recognized by the predominance of rusty and ocherous mottles in the
artificially drained former giey horizon. Agrogenic prograded soils are
recognized by the humus impregnated upper part of the mineral substrate.
Type: CRYPTOGLEY DARK AGROZEMS
PU-Q(ca,s)
The soils of this type are similar to Dark Agrozems by having an
agro-dark-humus horizon more than 25 cm thick but they have olive or
dusky gray colors in the sub-arable horizon and may have marl-like
secondary carbonates. These soils are derived from rather shallow (the
depth of initial dark humus horizon is equal or less the depth of tillage),
or eroded Humus-Cryptogley soils, or from Mucky- Giey soils whose
organic horizon was transformed into an agro-dark-humus one.
Subtypes are recognized by the features of salinity, marl
formation; and also agrogenic progradation though it is identified
unreliably. The subtype of saline Cryptogley Dark Agrozems is
recognized by the occurrence of easily soluble salts in the upper 100
cm.Their concentration is above the toxic level allowable for medium
salt-tolerant crops (above 0.1% for chloride and soda salinization, and
0.2% in case of chloride and chloride-sulfate salinization). However, in
the upper 0-20 cm-layer the content of easily soluble salts must be less
than 1%. Soils of the marled subtype have continuous carbonate
impregnation or abundant carbonate soft segregations, presumably, of
hydromorphic origin.
Type: PEAT AGROZEMS
PT-C
The soils of this type are identified by an agro-peat horizon more
than 25 cm thick (eutrophic in most cases) overlaying mineral material
with residual giey features. These soils are formed in the course of
agrogenic transformation, drainage and partial depletion of Peat and
Agro-Peat soils.
Subtypes are recognized by the properties of the mineral part of
the solum. The typical subtype is peculiar by the combination of the agropeat horizon with the non-gleyed mineral substrate; the gleyic subtype
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has residual (after artificial drainage) gley features - rusly and bleaciied
mottles and streaks; the agrogenically-prograded subtype is identified by
the humus-impregnated upper part of the mineral substrate.
Type: PEAT-MINERAL AGROZEMS
PTR-C
These Agrozems differ of the Peat Agrozems by their agro-peatmineral horizon that is more than 25 cm thick.. It contains a considerable
admixture of mineral material, it is dark in color, has a weak crumb
structure, and is weakly acid to neutral. The organic matter content is
below 35% by volume.
Peat-mineral Agrozems are formed from Peat soils due to longtime farming with applications of sand, silt, mineral fertilizers, and
liming.
Subtypes are recognized in the same way as for the Peat
Agrozems {typical, gleyic, and agrogenically prograded)
Type: AI-Fe-HUMUS AGROZEMS
PY-BHF(g)-C
These soils are identified by the combination of an agro-lighthumus that is more than 25 cm thick and AI-Fe-humus horizons. The
upper part of the latter being involved in the plow horizon. Immediately
below the agro-light-humus horizon the AI-Fe-humus horizon acquires a
grayish color or grayish mottling due to the illuviation of humus
substances.
AI-Fe-humus Agrozems are formed by agrogenic modification of
Podzols, Podburs, Soddy Podzols and Soddy AI-Fe-humus soils,
sometimes of corresponding Gley types. They are acid and weakly acid,
neutral reaction is more an exception than a rule, have a low content of
humus (<3%) in the surface horizon that is dominated by fulvic acids
(only strongly modified soils in high-input farming have humate-fulvic
composition of humus); and have a CEC of <20 cmol (+) kg'.
Subtypes are recognized in accordance with the character of the
AI-Fe-humus horizon, gley intensity, and signs of humus impregnation of
the sub-arable part of the solum (agroprogradation phenomenon).
Like analogous subtypes of Podburs and Podzols, the iron-illuvial
soils are recognized by the yellow brown or yellow ocherous color of
their BF horizon, which directly underlays an agro-light-humus horizon.
The humus-iUnvial subtype has a darker color of its BHF horizon - dark
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brown or coffee-colored (>3% of fulvic humus). The gleyic subtype has
redoximorphic features in the middle part and/or in the lower part of the
solum; it originates from the corresponding gley types of the Al-Fehumus soils order.
The oxidated-gley soils are recognized by the predominance of
rusty and ocherous mottles in the artificially drained former gley horizon.
The agroprograded soils have dark humus impregnation mottles in the
sub-arable layer. Their formation is favored by light soil texture and they
result from long-time farming with high doses of organic fertilizers
applied.
Type: TEXTURALLY DIFFERENTIATED AGROZEMS
PY-BT(g)-C
The profile consists of an agro-light-humus horizon, 25-35 cm
thick, directly overlaying a textural horizon which may be partially
incorporated by tillage into the arable one. In the preserved part of BT
horizon, gray agricutans on ped faces are common. The lower part of the
agro-light-humus horizon is frequently over-compacted, and has a coarse
platy structure because of the plowpan formed and maintained by regular
tillage of the uppermost 20-25 cm.
The major analytical characteristics of these soils are strongly
variable and depend on the intensity and duration of the reclamation
measures applied, among which manuring and liming are most common.
Thus, the pHs in the topsoil vary from weakly acid (even neutral) to acid,
the content of humus ranges within 1.5 to 3% (4-5% can be encountered
rarely); and the composition of humus may be either fulvic, or humatefulvic.
Texturally differentiated Agrozems originate from Soddy
Podzolic, Podzolic, some Gray soils, few of them from their gley analogs.
Subtypes are recognized by the character of the textural horizon,
manifestation of gley in the middle and lower parts of the solum, and the
agroprogradation phenomena. Thus, the glossic subtype is recognized by
wedged bleached infillings, or tongues, composed of the material of
eluvial horizon penetrating into the textural horizon. The gleyic subtype
has redoximorphic features in the middle and/or lower part of the solum.
The agtroprograded soils have a prominent agrogenic enrichment
of humus of the sub-arable layer due to agricutans and burrowing activity
of pedofauna. They are also conspicuous by their almost neutral reaction
and elevated content of humus (up to 4-5%) in the agrogenically
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modified iiorizon. Brown humic acids bound to tlie sesquioxides may
prevail in the surface horizon.
Type: MET AMORPHIC AGROZEMS
PY-BM-C
The profile consists of an agro-light-humus horizon that is more
than 25 cm thick overlying the metamorphic {in situ ferruginated, clayenriched and/or pedogenically structured) horizon. A strong variation in
pH and humus content is inherent to Metamorphic Agrozems. Thus, pH
ranges from acid to neutral values, humus content - from 3% to 10%,
ands Cha/Cfa ratio - from 0.5 to 1.0. Such variability is attributed to both
initial properties of native soils (Burozems and Raw-humus Burozems),
and to the difference in soil management.
Among Metamorphic Agrozems, soils on sandy parent materials
rather rich in weatherable minerals are most common, and their
metamorphic horizon approaches the AI-Fe-humus one in morphological
properties, though it has more non-illuvial iron films on the surfaces of
mineral grains.
Subtypes are recognized by gley features and agrogenic
progradation. The agroprograded soils have prominent agrogenic humus
enrichment of the upper part of the sub-arable metamorphic horizon due
to migration of humus substances, development of agricutans and
burrowing activity of pedofauna. They have humus contents of more than
4%, with the Cha/Cfa ratio close to 1, and a neutral reaction in the
agrogenically modified horizon. The agroprograded soils occur in old
agricultural areas where high doses of organic fertilizers were applied.
Type: CLAY-ILLUVIAL AGROZEMS
PU-BI-C(ca)
The profile consists of an agro-dark-humus horizon more than 25
cm thick and a clay-illuvial horizon with subangular blocky and prismatic
structure, and with dark humus-clay or clay coatings on ped faces. The
clay differentiation of the solum is weak (Kd<1.4). Carbonates occur at a
considerable depth, or are removed beyond the profile. These soils are
derived from eroded Clay-illuvial Chernozems, and some of the Gray
soils.
Soil reaction is weakly acid to weakly alkaline, humus content is
mostly 5-8%, though it may reach 10-12%. Humic acids bound to
calcium predominate in the composition of humus and Cha/Cfa is 1.5-2.
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Soils are base-saturated. The long-time farming on these soils may induce
deterioration of water-physical properties of the agro-dark-humus horizon
as compared to its natural analog. This phenomenon is manifested in
elevated bulk density values (>1.3 g/cm^), angular water-unstable
structure with low intrapedal porosity, low volume of aeration porosity
and capillary moistening - all resulting in decreased water permeability
and reduced water consumption by plants.
Subtypes are recognized by gley or cryptogley features and
agrogenic compaction in the agro-humus horizon. Cryptogleyic soils have
grayish olive color, or olive mottles below the humus-accumulative
horizon. The agrogenically compacted soils have fine crumb and angular
blocky structure, and lack intrapedal voids. When dry, these soils are
strongly cracked, and very coarse rhombohedral blocks 30-50cm in
diameter are formed. The bulk density is above the optimal limit of 1.31.4 g\cm^
Type: CARBONATE-ACCUMULATIVE AGROZEMS
PU-BCA-Cca,(s)
The profile consists of an agro-dark-humus horizon more than 25
cm thick and a carbonate-accumulative horizon. The natural humus
horizon is absent. In the upper part of the carbonate-accumulative horizon
there are distinct dark infillings. Gypsum and salt neoformations may
occur in the subsoils.
The reaction is weakly alkaline to alkaline; the content of humus
ranges within 3.5-6%, and the composition of humus is dominated by
calcium humates.
Carbonate-accumulative Agrozems are formed from Southern
Chernozems and Chestnut soils, less frequently they originate from
eroded variants of other Chernozem subtypes, or reclaimed Dark
Solonetzes.
Subtypes are recognized by the inherited features of the
carbonate-accumulative horizon, salinity, vertic phenomena and
agrogenic compaction.
The soils of the glossic subtype are recognized by narrow dark
tongues filled with very dark, to black, humus-enriched material crossing
the carbonate-accumulative horizon, and continuing as separate dark dots
in the lowermost part of the profile. The carbonate-accumulative horizon
is compact, and has strong subangular blocky and prismatic structure.
Segregationary and migration-mycelium subtypes have the same
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properties as the corresponding native Chernozem subtypes, except for
the human-modified topsoil. The subtype of saline Carbonateaccumulative Agrozems is recognized by the occurrence of easily soluble
salts in the upper 100 cm. Their concentration is above the toxic level
allowable for medium salt-tolerant crops (above 0.1% for chloride and
soda salinization, and 0.2% in case of chloride and chloride-sulfate
salinization). However, in the upper 0-20 cm-layer the content of easily
soluble salt must be less than 1%.
The vertic subtype is identified by vertic features within the depth
interval 40 and 100 cm. This part of the profile, sticky and hardly waterpermeable when wet, becomes very compact and hard when dry, abounds
in fissures, and has very low intrapedal porosity upon drying.
Slickensides serve as important diagnostic elements, they are 1 to 6 cm in
one dimension, and they may be oriented randomly.
Soils of the cryptogleyic subtype have dusky gray or dark "steel"
gray mottles in the middle and lower parts of the profile. In addition,
there are impregnation forms of secondary carbonates.
Diagnostic for the agrogenically compacted soils is the fine crumb
and angular blocky structure without intrapedal voids. The soils are
strongly fissured when dry, and very coarse rhombohedral blocks 30-50
cm in diameter are formed. The bulk density is above the optimal limit of
1.3-1.4 g\cm-''
Type: DARK SOLONETZIC AGROZEMS
PU[AU + B S N ] - B C A t h ( q ) - C c a , s
The main diagnostic characteristic is an agro-dark-humus horizon
more than 25 cm thick which may contain a few fine fragments of the
solonetzic horizon translocated there by tillage. Unlike the AgroSolonetzes, an unchanged solonetzic horizon is absent in the Dark
Solonetzic Agrozems. The agro-dark-humus horizon is underlain by the
carbonate-accumulative horizon, with gypsum and/or soluble salts
possible in its lower part.
Subtypes are recognized by the characteristics of salinization,
intensity of cryptogley and agrogenic compaction of the upper horizon
{typical, saline, cryptogleyic, agrogenically compacted). In the soils of
the cryptogley subtype, the lower horizons of enrichment in carbonates,
soluble salts and gypsum are dusky gray or olive gray, and there are also
black and gray mottles of humus impregnation. Secondary carbonates are
of concretionary-impregnation type, they frequently contain iron oxides,
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and the latter may occur as small soft ortsteins and mottles. These soils
are formed by agrogenic transformation of the Cryptogley Dark
Solonetzes.
Type: LIGHT SOLONETZIC AGROZEMS
PY[AY+BSN]-BCA(q)-Cca,s
These soils have an agro-light-humus horizon more than 25 cm
thick with common inclusions of aggregates from the solonetzic horizon.
The agro-light-humus horizon is underlain by the carbonateaccumulative horizon, and below the latter accumulations of gypsum and
soluble salts may become abundant. These soils differ from the Dark
Solonetzic Agrozems by the upper agrogenically modified horizon which
is lighter in color and has a lower content of humus.
Light Solonetzic Agrozems are formed by agrogenic modification
of crusty, shallow and medium species of the types of Light Solonetzes
and Cryptogley Light Solonetzes, as well as of corresponding AgroSolonetzes.
Subtypes are recognized in the same way as those for the type of
Dark Solonetzic Agrozems: typical, saline, cryptogleyic, agrogenically
compacted.

\A1

1.14. ORDER: Agroabrazems (Agroerozems)
Soils of this order, like those of the Abrazem order lack a surface
typodiagnostic horizons because of erosion, deflation, or mechanical
cutting in the course of land leveling, etc. The diagnostic horizon of
Agroabrazems is the specific PB horizon, which, contrary to the topsoil
of Agrozems, is formed only at the expense of the subsoil, i.e. the
material of any middle-profile B horizon, or parent material.
The PB horizon rather preserves the color of the initial material
because of the low content of humus (1-1.5%). There are exceptions:
migration-mycelium and segregationary subtypes of the carbonateaccumulative type of Agroabrazems "are permitted" to have gray color,
with their humus content ranging within 1.5-2.5%. These two subtypes
are derived from strongly eroded forest-steppe and steppe Chernozems
that have lost their initially thick (70-120 cm) humus-accumulative
horizon, and only its lowest, transitional part with the content of humus
close to 2% remains.
The agrogenically modified horizon of Agroabrazems may
contain fragments of former genetic horizons, or parent material
("agroheterogenic" modifier) serving as evidence either of the initial
stage of reclamation of eroded soils (Abrazems), or of actively advancing
erosion. In the first case the fragments are rather regularly dispersed in
the horizon, while in the second - they are concentrated in its lower part
because of being brought into the agrogenic horizon from below by
regular tillage.
The subdivision into types and subtypes follows the same rules,
as applied to Agrozems. If it is possible to disclose the mechanism of the
former soil truncation, the types of Agroabrazems may be grouped in
accordance with the their history, though irrespective of the taxonomie
level. The reason of truncation in these cases are supposed to be the
following: water (sheet) erosion, wind erosion and human activities. The
majority of Agroabrazems approximately correspond to former strongly
eroded (by the action of wind or water) different soils.
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Type: AGROABRAZEMS
PC(PB)-C(ca)
The profile consists of a homogeneous agrogenically modified
brown, reddish, red-brown horizon, sometimes with a gray hue, and the
parent material. The former horizon is formed at the expense of the lower
part of the B horizon or parent material (PB and PC horizons,
respectively). It has weak structure of any shape.
Subtypes are recognized by agrogenic modifications of the
topsoil and features indicative of hydromorphism in the lower part of the
solum.
Soils of the gleyic subtype have redoximorphic features - bluish
and rusty mottles over 30-80% of a vertical section in the gley-affected
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horizons. Soils of tiie cryptogleyic subtype have dusky gray or dark
"steel" gray mottles and tongues in the middle and lower parts of the
solum and the lower horizon is calcareous.
Agroheterogenic subtypes are identified by the occurrence of
well-preserved inclusions of parent material in the human-modified
horizon. A rather regular pattern of these fragments in the horizon
testifies to the initial reclamation stages, while if they are concentrated in
the lower part of the agrogenic horizon, accelerated erosion may be
operative.
Type: GLEY AGROABRAZEMS
PC(PB)-G
These soils are recognized by a gley horizon beneath an
agrogenically modified one, it lacks pedality and has "cold" bluish or
gray-bluish color.
Criteria for division into subtypes are oxidation in the residual
gley layer and intensity of agrogenic reworking of the toposil (typical,
oxidated-gley, agroheterogenic).
Type: CRYPTOGLEY AGROABRAZEMS
PC-Q(s)
The agrogenically modified horizon is underlain by an olive or
dusky gray cryptogley horizon which is either apedal, or "caviar-like".
Carbonates occur as mottles and concretions, or as continuous marl-like
impregnations; soluble salts may be present.
Subtypes are recognized by features of salinity, marl formation,
and character of the agrogenically modified horizon. Thus, the subtype of
saline Cryptogley Agroabrazems has easily soluble salts in the upper 100
cm with concentrations above the toxic level allowable for medium salttolerant crops (above 0.1% for chloride and soda salinizafion, and 0.2%
in case of chloride and chloride-sulfate salinization). However, in the
upper 0-20cm-layer the content of easily soluble salt must be less than
1%. Soils of the marled subtype have continuous carbonate impregnation
or abundant carbonate mottles of hydromorphic origin.
Type: Al-Fe-HUMUS AGROABRAZEMS
PB-BHF(g)-C{g)
The soil profile consists of an upper agrogenically modified PB
horizon, grayish brown or light brown in color overlaying the remaining
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part of the Al-Fe-humus horizon preserved from Podzols, Podburs,
Soddy Podzols, or Soddy Al-Fe-humus soils.
As in natural soils and corresponding Agrozems, the subtypes are
recognized by the character of the Al-Fe-humus horizon, namely,
predominance of humus or iron compounds, gley intensity in the middle
and lower horizons, and signs of heterogeneity of the agrogenically
modified horizon.
In soils of the iron-illuvial subtype, the agrogenically transformed
horizon directly overlays the remnants of an iron-illuvial horizon which
is recognized by the yellow brown or yellow ocherous color. Humus
content is less than 3% and humus is of the fulvic type. The hitmusilluvial soils have a darker - dark brown or coffee-colored BHF horizon.
Humus is more than 3%, and is fulvic. Like the gleyic subtype with its
redoximorphic features in the middle part of the profile, the gley subtype
has additionally a gley horizon in the lower part of the profile. They
originate from the corresponding gley types of the Al-Fe-humus soils
order.
The oxidated-gley soils are recognized by the predominance of
rusty and ocherous mottles in the artificially drained former gley horizon.
An agroheterogenic subtype is also specified.
Type: METAMORPHIC AGROABRAZEMS
PB-BM-C
The profile consists of a brown agrogenically modified PB
horizon and the remainder of the metamorphic {in situ ferruginated, clayenriched and/or pedogenically structured) horizon. This pedogenic
structure differentiates the remaining lower part of the metamorphic
horizon from both the overlying PB horizon and the parent material.
The native soils for Metamorphic Agroabrazems were Burozems
and Raw-humus Burozems.
Subtypes are recognized by gley features and the character of the
human-transformed horizon {typical, gleyic, agroheterogenic).
Type: CLAY-ILLUVIAL AGROABRAZEMS
PB-BI(g)-C
The profile consists of a brown or grayish brown humanmodified PB horizon, and the preserved part of the clay-illuvial horizon.
The latter is compact, has a subangular blocky and prismatic structure,
clay coatings on pcd faces. Because of removal of the upper eluvial part
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of the solum, the profile differentiation of clay, total content of elements
and other chemical properties is weak or absent.
These soils are derived from different soils that have been
truncated and tilled , such as Soddy Podzolic, Podzolic, Gray, and Clayilluvial Chernozems.
Subtypes are recognized by gley features and properties of the
agrogenically modified horizon (typical, gleyic, oxidated-gley,
agroheterogenic).
Type: CARBONATE-ACCUMULATIVE
AGROABRAZEMS
PB-BCA(th)-Cca,(s)
The agrogenically modified PB horizon is diagnostic in the
profile of these Agrozems, it is grayish in color if composed of the
material of the transitional (in terms of humus) horizon. It is brown or
pale yellow if the upper part of the carbonate-accumulative horizon
contains the bulk of the PB material. The latter horizon is underlain by a
carbonate-accumulative horizon, or its lower preserved part.
Carbonate-accumulative Agroabrazems are formed by the
truncation of sola of southern Chernozems and Chestnut soils, less
frequently they originate from truncated variants of other Chernozem
subtypes, or Dark Solonetzes.
Subtypes are recognized by the properties of the carbonateaccumulative horizon, salinity, vertic or cryptogleyic phenomena and
indications of agrogenic modification.
The segregadonal subtypes are identified by segregationary
forms of secondary carbonates (friable farinaceous mottles, "beloglazka")
that are inherent to steppe Chernozems of European Russia. Migrationalmycellary subtypes have secondary carbonates in the carbonateaccumulative horizons in the form of pseudomycelia which are common
in the forest-steppe Chernozems.
Soils of the glossic subtype are recognized by narrow dark
tongues filled with very dark humus-enriched material crossing the
carbonate-accumulative horizon, and continuing as separate dark spots in
the lowermost part of the profile. The carbonate-accumulative horizon is
compact and has a strong sübangular blocky and prismatic structure.
Glossic Agroabrazems occur in dry steppe areas (associated with the
southern Chernozems and Chestnut soils).
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The subtype of saline Carbonate-accumulative Agroabrazems is
recognized by easily soluble salts in the upper 100 cm with a
concentration above the toxic level allowable for medium salt-tolerant
crops (above 0.1% for chloride and soda salinization, and 0.2% in case of
chloride and chloride-sulfate salinization). However, in the upper 0-20
cm layer the content of easily soluble salt must be less than \%.
The vertic subtype is identified by vertic features that are most
distinct below the agrogenically modified horizon. The vertic part of the
profile, sticky and very slowly water-permeable when wet, becomes very
compact and hard when dry and abounds in fissures, and has very low
intrapedal porosity. Slickensides serve as important diagnostic elements,
they are 1 to 6cm in one dimension, and they may be oriented randomly.
Soils of the cryptogleyic subtype have dusky gray or dark "steel"
gray mottles in the middle and lower parts of the profile. Complementary
are impregnation forms of secondary carbonates.
Type: SOLONETZIC AGROABRAZEMS

PB[BSN]hr-BCA(th,q)-Cca,s
The main diagnostic characteristics are the dark brown or brown
agrogenically modified PB horizon which contains fragments of the
solonetzic and lower horizons incorporated by tillage. The underlying
carbonate-accumulative horizon is compact, has a compound prismatic
and subangular blocky structure with humus-clay coatings on the surfaces
of most peds.
These soils are formed by truncation of deep and sometimes
medium Solonetzes.
Subtypes are recognized by humus-illuvial coatings and presence
of cryptogley. The typical subtype corresponding to the type diagnostics
and originates mainly from the Light Solonetzes. The Dark (clay-humusilluvial) subtype is identified by the presence of dark humus-clay coatings
that are responsible for the dark color of the sub-arable part of the profile.
They are formed mostly from Dark Solonetzes. hi the cryptogley subtype,
the lower horizons of enrichment in carbonates, soluble salts and gypsum
are dusky gray or olive gray, and there are also black and gray mottles of
humus impregnation. Secondary carbonates are of the concretionaryimpregnation type and very weak iron segregations as small soft ortsteins
and mottles may be also found.
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1.15. ORDER: Abrazems (Erozems)
The order consists of soils that do not have surface
typodiagnostic horizons because of natural or anthropogenic erosion,
deflation, or purposeful mechanical removal of the topsoil. Hence, the
upper part of the solum is an exposed portion of a mid-profile horizon
(preserved to a different extent): clay-illuvial, textural, metamorphic,
carbonate-accumulative, etc., or even one transitional to the parent
material.
Soils of the ABRAZEMS order should be separated from those
of the AGROABRAZEMS order, though they are very close by origin.
Soils - members of the latter order, have a specific agrogenicaliy
modified horizon, whereas ABRAZEMS are not suitable for cropping,
occur as small areas, and are regarded as unstable formations. Where
erosion is active, and there is no vegetation, ABRAZEMS get completely
destroyed (and disappear as soils). If they are overgrown by vegetation,
they acquire an organic or humus-accumulative horizon, and if they are
improved
and
plowed
they
become
transformed
into
AGROABRAZEMS.
Types are recognized by the presence of a mid-profile horizon or
that transitional to the parent material. Consequently, the following types
are identified: AI-Fe-humus Abrazems, Clay-illuvial Abrazems,
Metamorphic Abrazems, Carbonate-accumulative Abrazems, Solonetzic
Abrazems. Diagnostic characteristics at lower levels are similar to those
of AGROABRAZEMS, and are discussed in that chapter.
Exposed Surface
TYPE
BHF (BF,BH)
Al-Fe-humus Abrazems
BI
Clay-illuvial Abrazems
BM
Metamorphic Abrazems
BCA
Carbonate-accumulative Abrazems
BSN
Solonetzic Abrazems
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1.16. ORDER: Halomorphic Soils
Soils of the order have a surface salt-enriched - solonchakous
diagnostic horizon. The concentration of easily soluble toxic salts there is
so high that the majority of plants cannot grow on these soils, only
halophytic species. The high salt concentrations induce coagulation of
soil colloids. The content of toxic salts in the upper 20 cm thick layer
should be more than 1%. A salty crust is usually observed on the soil
surface, its morphological properties depend on the chemical composition
and concentration of salts.
Types and subtypes of Solonchaks
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There are soils with different profile composition in this order,
they are, however, included in the order because of their diagnostic
solonchakous horizon. These may be Solonchaks "sensu stricto" whose
profiles consist of solonchakous, humus-accumulative and/or gley
horizons, or there may be various soils with superimposed salinity and
the solonchakous horizon is regarded as secondary, formed after the
genetic profile of another soil was formed.
Solonchaks evolve due to a non-compensated budget of salts: the
input of salts, or their initial amount in the parent rock is not compensated
by their removal. This may happen under the exudative or periodically
exudative water regime and rather high level of mineralized ground water
or under non-percolative water regime of soils on saline parent material.
Solonchaks occur in arid climates irrespective of temperature
conditions; however, they are most common in steppes and semi-deserts.
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Type: LIGHT SOLONCHAKS
SY-{AY)s-Cs
The profile is weakly differentiated, monotonous. There is a
distinct salty crust with the content of soluble salts about 20%. The lighthumus solonchakous horizon is barely identified as the content of humus
is below ]-2%. Carbonates are distributed evenly within the profile,
without horizon-localized accumulation. Lithologically different strata
may be identified, and they account for the distribution of soluble salts
and gypsum. Gley features may be present.
Light Soionchaks have a specific salt profile with a surface
maximum and decrease with depth. The reaction is neutral or alkaline and
the exchange complex is base-saturated.
Subtypes are recognized by the presence of a takyric crust and
gley features.
Soils of the typical subtype have a friable light-humus
solonchakous horizon composed of coagulated mineral particles mixed
with crystals of salts; their content may reach 15%. The surface crust is
loose and earthy, its thickness is 0.5-1 cm. The solonchakous lighthumus horizon contains less than \% humus, and gradually merges with
the saline parent material.
The water regime is non-percolative, with periodic exudation of
the capillary-mobile moisture of atmospheric precipitation. Soils are
confined to the outcrops of saline parent material if the ground water
table is deep, or are relics of fornier pedogenesis affected by high levels
of mineralized ground water. The soil surface lacks vegetation or has
only a few salt-tolerant plants.
The takyric subtype is identified by a smooth light colored
cracked crust separated into polygons (takyric crust). Fine spots of
soluble salts may be observed on a cross section of the crust. Beneath the
crust there is a loose fine crumbl salt-enriched horizon that becomes
apedal when wet. It is underlain by saline parent material. The content of
salts is higher in this sub-crust layer where the distribution of salts is
homogeneous. Water usually stagnates on the soil surface thus promoting
the development of the takyric crust.
Weak gley manifestations are responsible for the gleyic subtype,
redoximorphic features occur as rusty and bluish gray mottles. The water
regime is periodically exudative, the ground waters are found at the depth
of 3-5 m. Soils occur on piedmont and coastal plains, and on banks of
lacustrine depressions.
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Type: DARK SOLONCHAKS
SU-AUs-Cs,q,(g)
The dark-humus solonchakous horizon is diagnostic for this type
of Soionchaks. It may have salt efflorescences in its uppermost part when
dry. The content of humus is mostly 2.5-4%, but may be as high as 1012%. The horizon gradually merges with the parent material and evidence
of periodic excessive moistening becomes more pronounced with depth.
The salt maximum is recorded in the upper horizon, the degree of salinity
is medium. Fine dispersed and microcrystalline gypsum may be observed
throughout the solum; carbonates (soft and hard segregations, or marllike impregnations) are concentrated in the lowest and moist part of the
profile.
The water regime is exudative, the ground water is fresh or weakly
to moderately mineralized and occurs at depths of 1-3 m.
Dark Soionchaks occur in closed depressions, in river floodplains
and valleys under meadow vegetation. They are most common on
floodplains in the steppe zone.
Subtypes are recognized by hydromorphism and accumulations of
carbonates.
Soils of the gleyic subtype have redoximorphic features as rusty
and bluish mottles below the humus-accumulative horizon, increasing in
number with depth, though their total area should be below SQ% of a
vertical cross section. Iron and manganic nodules are frequent in the
lower part of the profile. For the cryptogleyic subtype olive and dull gray
mottles below the humus-accumulative horizon are diagnostic, while the
latter has "cold" dark gray color. The marled subtype is recognized by
carbonate accumulations in the form of marl-like impregnations in the
lower part of the profile.
Type: LIGHT GLEY SOLONCHAKS
SY-(AYs,g)-Gs,ca
The combination of a light-humus solonchakous and gley horizons
is diagnostic. The upper part of the former (approximately 5 cm thick) is
a mixture of mineral material and salt crystals and is overlain by a puffy
earthy crust up to 2 cm thick ("puffy Solonchak"). Salts occur in the
saline horizon as microcrystalline agglomerations - veins and clusters;
their content reaches 3-5% near the surface. Soluble salts are frequently
accompanied by carbonates and gypsum (up to 10%)). Salts are not
always visible in the moist soil, while they become quite distinct when
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the pit becomes drier. Beneath the solonchaicous Hght-humus horizon
there are layers with different intensity of gley manifestations: bluish and
rusty mottles in the upper ones and continuous bluish gray color in the
lower ones.
Light Gley Solonchaks occur on the weakly drained plains and in
depressions, for example, in the periphery of former saline lakes, bogs,
and on the floodplain terraces. The ground water table is higher than 11.5 m, water is mineralized, and the water regime is exudative. The plant
cover is discontinuous and composed of salt-tolerant grasses.
There is only one subtype {typical).
Type: DARK CRYPTOGLEY SOLONCHAKS
SU-AUs,q-Qs,
The dark-humus solonchakous horizon is diagnostic for this type
of Solonchaks. The content of humus ranges from 7 to 12%. There is a
gradual transition to the dull gray or dull olive saline material with
clusters of salt dots and segregations of carbonates. A puffy salty-fine
earth crust about 2 cm thick occurs at the surface, gradually merging into
the mixture of mineral fine earth with crystals of salts ("puffy
Solonchak"). The ground waters are at the depth of 1-1.5 m; the water
regime is exudative.
Dark Cryptogley Solonchaks occur in depressions under
communities of salt-concentrating plants (Salsola, Salicornia, etc.) with
participation of suppressed swampy vegetation.
There is only one subtype (typical).
Type: SOR SOLONCHAKS
S-Gs
The sor (or shor) Solonchaks lack any humus horizon, therefore,
they are only conventionally regarded as soils. Their profile consists of a
prominent surface salty crust with 25-60% of soluble salts, and a
blackish clayey horizon with the odor of hydrogen sulfide, underlain by
gleyed saline material. All horizons are wet, the ground water table is
within 0.5-1.5 m, the mineralization is high, and the water regime is
typically exudative.
Sor Solonchaks have no vegetation on them, they occur in
depressions and on the evaporating bottomlands of salt lakes in arid
regions.
There is only one subtype {typical).
158

Type: SECONDARY SOLONCHAKS
S(SY, SU)-[A-B-C]2^
The Secondary Solonchaks are identified by a soionchakous
horizon superimposed on a previously formed solum. The soionchakous
horizon may be a light- or dark-humus one depending on the previously
formed profile. For example, a Secondary Solonchak may develop on
Chernozems, Agro-Chernozems, Brown Arid soils, Agrozems,
Solonetzes, etc.
Secondary Solonchaks form due to a rise of the ground water
level maintaining the exudative, or periodically exudative water regime.
This is common where there is artificial water logging or irrigation with
insufficient drainage, as well as irrigation with mineralized water.
The division into subtypes is based on the diagnostics of the
initial profile.

[A-B-C] is a convention for any soil profile affected by secondary saiinization
159

Chapter 2. TRUNK OF SYNLITHOGENIC SOILS
Soils of the trunk are formed by pedogenetic processes operating
simultaneously with those depositing fresh mineral material. The input of
the latter maintains a continuous rejuvenation of the substrate thus
hindering the development of a soil profile, which would be adequate to
the current combination of soil forming agents, as it happens in soils of
postlithogenic pedogenesis. In other words, the synlithogenic pedogenesis
presumes regular deposition of solids of different particle-size
composition on the soil surface, so that the soil profile "grows upwards".
The sequence produced by the interaction of both processes is of varying
depth and stratification. Such conditions are inherent to floodplains, areas
of volcanic cinder deposition, localities with advanced aeolian, deluvial
and proluvial sedimentation, very frequently induced by humans.
The profile of synlithogenic soils has an organic or humusaccumulative horizon and a stratified thickness of any origin. In terms of
horizonation, these soils may be regarded as synlithogenic analogs of
soils grouped in the organo-accumulative order. The surface
accumulation of organic matter may be accompanied by the hydrogenic
metamorphism of the stratified sequence, in particular, by the
development of hydrogenic neoformations of iron, carbonates, etc.
The only exceptions of the above scheme are volcanic ash soils
with their very specific tephric material providing the possibility for
illuvial-metamorphic horizons to evolve.
KEY TO SOIL ORDERS
FP^^ soils formed in a stratified volcanic ash sequence with an ochric
illuvial-metamorphic horizon as a main diagnostic one. Accumulation of
organic material results in the development of raw-humus, or dry-peat, or
(agro)light-humus horizon. A series of buried organic horizons is typical.
VOLCANIC SOILS

"^ FP (full-profile)- along with the humus-accumulative or organic horizon there
is an intermediate horizon different from both the above horizon and the parent
rock.
IP - incomplete-profile soils, their profiles are composed of any topsoil and
parent rock.
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IP soils comprising any surface organic or humus-accumulative horizon
underlain by a stratified sequence of alluvium, buried organic (humusaccumulative) horizons, gley or cryptogley horizons, along with horizons
of hydrogenic accumulation of iron compounds, carbonates, etc.
ALLUVIAL SOILS
Human-modified IP soils with a profile comprising an agro-dark-humus,
or agro-light-humus, or peaty-mineral horizon underlain by non-gleyed,
gleyed, or cryptogleyed alluvium
ALLUVIAL AGROZEMS
Other soils with a profile formed in the deposited humus-enriched
materia] (dark or light stratified horizons) burying the profile of initial
soil or parent rock within the upper 40 cm. Stratified horizons are
superimposed by dark(light)-humus, or agro-dark(light)-humus horizons
STRATOZEMS
Other soils with weak indications of pedognesis in the form of a lightcolored and thin organic horizon (w) overlying any stratified sediments
where interbedding of organic lenses may occur
WEAKLY DEVELOPED SOILS
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2.1. ORDER: Volcanic SoilsSoils of the order are formed in tiie areas with recent volcanic
activity accompanied by the deposition of volcanic cinders. Their profiles
are stratified. The present-day solum is underlain by a sequence of buried
sola. The common properties of Volcanic soils arc: the intricate
composition and polygenetic nature of their profiles; high content of
organic matter throughout the profile; mineralogical composition
dominated by easily weatherable minerals and abundant amorphous
compounds (allophanes, along with organo-mineral compounds); unusual
physical characteristics (high intra- and interaggregate porosity, and an
extremely high filtration capacity along with high water-retention
capacity.
In Russia, Volcanic soils occur only in the Kamchatka Peninsula
and Kuril'skie Islands.
Type: OCHRIC SOILS
AT-(BH)BMF-C"
This type represents the central image of the order of Volcanic
soils.
The profiles of Ochric soils commonly contain three or four
superimposed elementary profiles, or sola, with organic, humus-illuvial,
or ochric illuvial-metamorphic horizons in each. There are some easily
recognized layers of weakly weathered volcanic cinders. The soils are
coarse-textured, acid in the their upper part and weakly acid in the lower
horizons, and they have a low CEC. A complicated humus profile is usual
in Ochric volcanic soils.
The recent uppermost organic horizon is of the raw-humus type.
The humus is dominated by free and loosely bound fractions of humic
acids, and by fulvic acids, the Cha/Cfa ratio being close to 1. The buried
humus horizons contain recently illuviated humus, and "old" humus, both
formerly accumulated and illuvial. This "old" humus was transformed
after the soil burial; fulvic acids absolutely prevail there.
The soils are acid to weakly acid. The exchange complex is baseunsaturated in the upper horizons, and weakly unsaturated in the lower
ones. The low exchange capacity is attributed primarily to the
predominance of amorphous ingredients in the soil mineralogical
Andosols, or AndisoJs in western terminology.
162

composition. These are responsible for the extremely high content of
organo-mineral compounds and free oxides of iron, aluminum and
silicon. The low phosphorus availability is due to its immobilization.
Ochric soils are formed in cold humid moderately continental
climate under herbaceous birch forests (composed of endemic species:
white and stone birches, Betula Hernani and Betula japonica). The cinder
deposition is moderate, so an equilibrium between pedogenesis and
lithogenesis is being maintained in Ochric soils.
The criteria for recognizing subtypes are related to the
amorphous sesquioxides behavior in the ochric (illuvial-metamorphic)
horizon, podzolization features, intensity of cinder deposition, and
disturbance of the topsoil, either natural, or human-induced.
The typical subtype corresponds to the diagnostics of the type.
The content of oxalate-extractable sesquioxides is above 4%. Typical
Ochric soils occur in the areas with the most humid climate, i.e. on the
southeastern coast of Kamchatka Peninsula.
The light-ochric soils differ of the typical ones by a lighter color
of the illuvial horizon in the upper solum, lower acidity and content of
oxalate-extractable sesquioxides (< 4%). They occur in the areas with a
more continental and less humid climate of the Central Kamchatka
Depression.
The podzolized soils differ of the typical ones by the presence of
a fragmentary and thin podzolic horizon just beneath the organic layer
within the layer of cinder composed mainly of the acid volcanic glass,
which is only slightly weathered. These soils occur in the zone of rather
weak volcanic fallout.
The ochriC'layered soils differ of the typical ones by a
considerably thicker profile comprising more elementary sola (more than
three), and a coarser texture. These soils are restricted to the areas
adjacent to active volcanoes with moderate to strong cinder deposition.
Top-turhated soils are easily recognized by the composition of
the uppermost layer having a mixture of the raw-humus and humusilluvial horizons fragments with the weakly weathered tephra
Type: DRY-PEATY OCHRIC SOILS
TJ-(BH)-BMF-C"
Diagnostic is the well-developed dry-peaty horizon 10-25 cm
thick. Soil reaction is strongly acid, and the content of humus is high
throughout the profile. Thus, the buried horizons may contain up to 30%
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of organic matter. The "niche" of Dry-Peaty Ochric soils among the other
volcanic soils is the mountainous belt of cedar and alder dwarf forests,
moderate cinder fallout.
Only a typical subtype is identified.
Type: PODZOLIC OCHRIC SOILS
AT-E-(BH)-BIVIF-C"
The following sequence of horizons is diagnostic for these soils.
The weakly decomposed litter is underlain by a raw-humus horizon that
rests on a light-colored podzolic horizon, 15-20 cm thick, whose tephric
component is dominantly acid volcanic glass. The underlying humusilluvial metamorphic horizon formed in the cinder material is composed
mainly of basic volcanic glass. It has a dark coffee color due to welldeveloped organo-mineral coatings on mineral grains. Buried horizons
are fragmentary or absent.
An eluvial-illuvial differentiation of the solum is prominent for
the total chemical composition and oxalate-extractable sesquioxides.
Thus, the concentrations of the latter in the eluvial and illuvial horizons
(E and BMH) may differ by 10-20 times. Soil reaction is acid, less
commonly it is weakly acid, and the lowest pH values are in the E
horizon.
The profile is rich in humus, which has an eluvial-illuvial
distribution. Fulvic acids are predominant, and their proportion increases
with depth.
Podzolic Ochric soils occur in the areas of weak cinder
deposition, under herbaceous birch forests. Their largest area is on the
western coast of Kamchatka Peninsula.
Typical and top-turbated subtypes are identified.
Type: DRY-PEATY PODZOLIC OCHRIC SOILS
TJ-E-BMF-C"
These soils differ from the Podzolic Ochric soils by their dry-peat
horizon, 15-25 cm thick. They also have a clearly pronounced eluviallluvial profile differentiation with respect to total chemical composition
and oxalate-extractable sesquioxides and humus.
Dry-Peaty Podzolic Ochric soils occur in the mountainous belt of
cedar and alder dwarf forest with moderate cinder fallout.
Only a typical subtype is identified.
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Type: AGRO-OCHRTC SOILS
PY-(AT)-BMF-C"
The main diagnostic characteristic is an agrogenically modified
horizon overlying the iliuvial-metamorphic horizon, or stratified cinder
sequence.
Types and subtypes of Volcanic soils
Subtypes features
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Subtypes are identified by the properties of the ochric (iliuvialmetamorphic) and human-modified horizons, as well as by the number of
buried sola.
The typical subtype corresponds to the diagnostics of the type, and is
the agrogenic analog of typical Ochric soils. The light-ochric soils have a
lighter colored iliuvial-metamorphic horizon. Soils of the layered-ochric
subtype have more than two buried sola. The agroheterogenic subtype
has a heterogenous plow horizon with small inclusions of the fragments
of humus-illuvial horizon and weakly weathered ash material.
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2.2. ORDER: Alluvial Soils
Soils of the order are characterized by regular depositions of fresh
stratified alluvium varying in thickness and particle size. The specific
features of Alluvial soils morphology are determined by the stratification
patterns, combinations of organic and gley horizons, as well as horizons
of hydrogenic accumulation of iron oxides, carbonates, etc.
Types and subtypes of Aluvial soils order (native soils)
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Type: LIGHT-HUMUS (SODDY) ALLUVIAL SOILS
AY-C~~
The type is presented by soils with a light-humus (soddy) gray or
brownish gray surface horizon having fine granular-crumb structure, and
weakly discernible stratification. The upper part of the horizon has
abundant roots. The thickness of the light-humus horizon is commonly
20-30 cm and rarely exceeds this limit. The content of humus is within
3-6%, and the composition of humus is humic-fulvic.
In accordance with texture, the exchange capacity is near to 20
cmol kg"' or less in the upper horizon and the base saturation is 70-80%.
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Soils are weakly acid. High water permeability and aeration are usual in
Soddy Alluvial soils.
Soddy Alluvial soils occur on elevated landforms in the central
floodplains under meadows dominated by cereals, or under floodplain
forests. The period of flooding is short.
The division into subtypes is based on evidence of podzolization
and gley, along with mechanical mixing of the upper humus-enriched
horizon with fresh alluvium, or with old alluvial deposits displaying quite
different characteristics.
The soils of the typical subtype correspond to the type
diagnostics. Soils of the podzolized subtype are recognizable by fine
bleached skeleton grains in the lopsoil, or light-colored mottles in its
lower part. Redoximorphic features over 30-80% of vertical section are
diagnostic for the gleyic subtype. In the top-turbated soils the upper
horizon is composed of well-preserved fragments of AY horizon and
underlying alluvium.
Type: DARK-HUMUS ALLUVIAL SOILS
AU-C(ca,s)~~
The dark-humus, rather thick horizon, dark gray to black in color,
is diagnostic for these soils. It is commonly 50 cm, and may be thicker;
humus content in the topsoil is 4 to 12%. The composition of humus is
dominated by humic acids bound to calcium.
The soils are neutral, or weakly alkaline in the upper part of the
solum, and carbonates are below. The exchange capacity is about 30 cmol
kg"' and the soils are base-saturated.
This dark humus horizon is separated from the parent material by
a transitional layer which displays a distinct stratification and contains
carbonates (in most cases not identified morphologically).
Dark-humus Alluvial soils are very water-permeable, wellaerated. They occur on rather elevated sites in the central floodplain
subject to short-term flooding, under meadow plant communities.
Geographically, they are restricted to the steppe and forest-steppe zones
and may be encountered in the southern part of the forest zone (on
calcareous parent material) and under meadow plant communities.
Subtypes are identified by solonetzic, salinity, and vertic features,
as well as by indices of hydromorphic metamorphism.
The solonetzic soils display evidences of compaction and
prismatic structure in the humus-accumulative horizon. They are alkaline,
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humus is slightly mobile, and sodium is present in the CEC. The subtype
of saline soils has easily soluble salts in the upper 100 cm, their
concentration is above the toxic level recorded for medium salt-tolerant
crops (above 0.1% for chloride and soda salinity, and 0.2% in case of
chloride and chloride-sulfate salinity). In the upper 0-20 cm-layer the
content of easily soluble salts must not surpass 1%. There is no surface
maximum in the profile pattern of salts.
In the vertic subtype, vertic properties are most obvious in the
transitional (in terms of humus) horizon, and below. This vertic part of
the solum, sticky and weakly water-permeable when wet, becomes very
compact and hard when dry, is fissured, and has very low intrapedal
porosity. Slickensides are diagnostic, they are mostly I to 6 cm in size,
and with different inclination.
Soils of the cryptogleyic subtype have dusky gray or dark "steel"
gray mottles in the middle and lower parts of the profile. In addition,
there are impregnation and/or concretionary forms of secondary
carbonates.
Soils of the gleyic subtype have redoxymorphic features
throughout 30-80% of a vertical subsoil section.
Type: PEAT GLEY ALLUVIAL SOILS
TR-G~~
Two diagnostic horizons are present in these soils: a peat-mineral
and a gley horizon. The organic material in the peat-mineral horizon is
well decomposed, is dark brown or black and there are fine soft rusty
concretions and mottles of iron hydroxides. This horizon commonly
contains lenses of heavy-textured fine earth or is clay-enriched, and a thin
(< 10 cm) layer of mucky material may be found in its lower part. Due to
clay enrichment during floods, the peat material has an elevated ash
content (it may exceed 30%), and acquires a strong crumb structure when
dry. It is underlain by a stratified gley horizon, sometimes with humus
impregnation in its upper part. Fine iron or marled pans may occur.
These soils are weakly acid to weakly alkaline, with a
corresponding range in CEC characteristics.
Peat Gley Alluvial soils occur in depressions in the central
floodplain, or in the foot of terraces. They are overgrown by rich
eutrophic herbaceous vegetation, shrubs are also common. The water
logging is due to periodic flooding, high ground water level (<1 m) and
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runoff accumulated from higher surfaces. These soils are wide spread in
the forest and forest-steppe zones.
Subtypes are recognized by salinity, and hydrogenic accumulation
of marl or iron oxides. The marled soils contain 10-30% calcium in the
ash, and haes marled layers in the mineral part of the solum. Marled soils
riginate by hydrogenic accumulation of carbonates from the ground
water, and such soils occur in the footslopes of terraces in the foreststeppe zone. Ferruginated soils are recognized by iron pans, enriched in
manganese and phosphorus (vivianite). Rusty films may be formed on the
surface of pans, and its upper part is rusty brown. The content of total
iron is high: 6-24%. Soils are confined to the footslopes of terraces, to
the sites of Fe^+-enriched ground water discharge, in taiga.
The saline subtype has easily soluble salts in the upper 100 cm,
their concentration is above the toxic level recorded for medium salttoloerant crops (above 0.1% for chloride and soda salinization, and 0.2%
in the case of chloride and chloride-sulfate salinization). In the upper 020 cm layer the content of easily soluble salt must be less than 1%.
Type: MUCKY GLEY ALLUVIAL SOILS
H-G~~
These soils are differentiated from the Peat Gley type by the
occurrence of a black or bluish black sticky mucky horizon with a weak
caviar-like structure. The mucky horizon is homogeneous in terms of
organic matter decomposition state, and is mostly clay-enriched. This
horizon is underlain by stratified bluish gray gley material. The soil is
water-saturated for long periods. The soil may have fine rusty films on
the surface and carbonate lenses may also be encountered.
Mucky Gley Alluvial soils are confined to the lowest and wettest
sites in the floodplains with alder groves, with reeds and sedges dominant
among herbaceous plants. Water logging is caused by the combined (or
alternating) effect of flooding, ground water and runoff accumulation.
The areas of these soils are rather small, elongated and follow old river
channels, lines of terraces footslopes, and bottoms of drying lakes. These
soils occur in the floodplains of southern taiga, forest-steppe, and
sometimes steppe.
Subtypes are identified by salinity, presence of marl and iron pans
{saline, marled, ferruginated).
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Type: LIGHT-HUMUS GLEY ALLUVIAL SOILS
AYg-G~~
These soils have a gray or brownish gray light-humus horizon That
is 25 to 50 cm thick. The humus content (4% to 10%) of this horizon
almost meets the requirements to the definition of the dark-humus
horizon; however, its other properties are different. Low chroma of the
groundmass is common along with abundant rusty-brown mottles and
veins. The structure is weak crumb, texture is mostly fine, and weak
stratification is visible. The composition of humus is clearly dominated
by fulvic acids. The exchange capacity is medium (around 20 cmol kg '
and the soils are unsaturated and moderately acid (pH < 6).
The transitional AC horizon is dusky gray with rusty and bluegreenish mottles, it merges with gleyed alluvium, which is grayish blue
with bright ocherous mottles, this horizon lacks structure, though it is
stratified in the majority of soils. The soil is enriched in iron oxides; the
oxidized compounds prevail in the topsoil, and the reduced ones are
common in the lower horizons.
Light-Humus Gley Alluvial soils occur on flat leveled parts and in
shallow depressions of the central fioodplain which is flooded by lowvelocity spring waters. They may be also encountered in the near-channel
depressions where the ground water level does not descend below 1.5 m.
The capillary fringe remains permanently within the soil profile. LightHumus Gley Alluvial soils are formed under wet grass-herbaceous
meadows and wet forests.
The subtypes are identified by features of hydrogen ic iron
accumulation - iron pans formation. Soils of the ferruginated subtype
differ of those referred to typical by conspicuous iron impregnation, even
cementation in some cases by iron oxides, or occurrence of iron-organic
(humus-iron-manganic) coarse concretions or nodules.
Type: DARK-HUMUS CRYPTOGLEY ALLUVIAL SOILS
AUq-Q(s)~~
The dark-humus horizon is the most prominent feature in the
profile being 40-60 cm thick, or more. It is dark gray or black with a
slight bluish or lustrous hue. The structure is strong: granular and "caviarlike". A transitional horizon is di^sky gray, and overlies the gray to olive
cryptogley layer. Secondary carbonates are common in the lower part of
the transitional horizon. They are identified by effervescence and do not
occur as neoformations, except for marl-like impregnation mottles in the
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lowermost layers. Stratification is either weak or absent iiere, and it is
always absent in the topsoil.
The soils are loamy or clay-loamy, clay-enriched, and contain 4 12% humus partly due to deposits during flooding. Calcium humates
dominate the composition of humus. The exchange capacity is 30 cmoi
kg' or more. The soils are base-saturated, and are neutral or weakly
alkaline.
Dark-Humus Cryptogley Alluvial soils are most common on the
central floodplain under meadow or shrub communities in the steppe and
forest-steppe zones. In the southern taiga, they are confined to the areas
of calcareous parent rocks. The soils are subject to regular and rather
prolonged flooding, the ground water level being within the upper 2 m.
Subtypes are identified by evidence of solonetzic, salinity, vertic
features and development of the " meadow marl".
The solonetzic subtype is recognized by some compaction,
prismatic structure, and dark clay coatings on ped faces in the lower part
of the humus-accumulative horizon. The reaction is alkaline, humus
displays mobility features, and the exchange complex contains sodium.
The subtype of saline soils has easily soluble salts in the upper 100 cm,
their concentration is above the toxic level recorded for medium salttolerant crops (above 0.1% for chloride and soda salinity, and 0.2% in
case of chloride and chloride-sulfate salinity). In the upper 0-20 cm-layer
the content of easily soluble salt is less than 1%. Compaction,
manifestations of pedoturbation, fissuring, and shining faces of angular
blocky and prismatic peds in the lower part of the dark-humus horizon, or
in the transitional zone between the dark-humus and the cryptogley
horizon are inherent to the vertic subtype. Soils qualified as the marled
subtype have continuous carbonate impregnation zones, or large
carbonate segregations in the lower part of the solum (CO? content is
above 10%).
Type: VERTIC ALLUVIAL SOILS
AUv-Vq,ca-Cq(s)~~
The soil profile has an angular blocky dark-humus horizon that is
gray with a brownish or reddish-brown hue. The soil surface may be
covered by loose very fine crumbs produced by self-mulching. The darkhumus horizon is underlain by an olive-gray very compact (vertic)
horizon with coarse columnar and prismatic structure, shiny ped faces
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(slress-cutans), and distinct slickensides. There are few roots in the
horizon, and the soil fauna is suppressed.
When dry, the profile is dissected by deep cracks filled with the
mulch from the above-lying layers. Carbonate segregations, gypsum
veins and clusters are common in the subsoil.
Soil texture is clayey, the content of clay in the vertic horizon is
40-60%. Humus content varies from 2 to 6% in the upper horizon, the
CEC is high, soils are base-saturated, and the soil reaction is neutral to
weakly alkaline.
Vertic Alluvial soils are confined to the tops of levees and
hummocks, to rather shallow depressions of the central and near-terrace
floodplains of large rivers in the steppe zone. They form under sparse
grass cover, or forb-sedge communities. The ground water table in the
low-water period is located at a depth of 1-2 m.
The saline subtype has concentrations of easily soluble salts in the
upper 100 cm, their concentration is above the toxic level recorded for
medium salt-tolerant crops (above 0.1% for chloride and soda salinity,
and 0.2% in case of chloride and chloride-sulfate salinity).
Type: MARLED DARK-HUMUS CRYPTOGLEY ALLUVIAL
SOILS
AU(ca)-ML~~
These soils have a dark-humus gray horizon, and a marled
horizon ("meadow marl"), with more than 30%) carbonates in the form of
ciyptocrystalline impregnation. The carbonates accumulate from the
ground water.
Marled Dark-Humus Alluvial soils occur close to the river
channel either on strongly calcareous alluvium, or in sites of the
discharge of carbonate-enriched ground water. They are most common in
steppe and semi-desert, and occasionally in the forest-steppe and forest
zones.
There is only one subtype - typical.
Type: FERRUGINATED LIGHT-HUMUS ALLUVIAL SOILS
AY-F~~
In terms of morphological and chemical properties these soils are
similar to the Light-Humus Gley Alluvial soils; the main difference is the
presence of a compact iron-enriched horizon, or an iron pan in the part of
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the solum affected by the capillary fringe. Iron cementation may occur in
the form of septaria, clusters or aggregates of nodules, and iron pans.
Humus content is below 6%, and its composition is dominated by
fulvic acids bound to mobile sesquioxides. The soils are acid, and the
redox potential displays prominent seasonal fluctuations.
Ferruginated Light-Humus Gley Alluvial soils are encountered in
the forest zone flood plains under Hypnum-mesophytic, or swampy
meadows and wet forests with the ground water table at 0.5-1.5 m. They
are most common in the river valleys adjacent to outwash lowlands
where the ground waters are poor in calcium and rich in organic matter
and low-valence compounds of iron and manganese.
Only the typical subtype is recognized.
Type: LIGHT-HUMUS AGRO-ALLUVIAL SOILS
PY-AY-C~~
These soils are identified by an agro-light-humus horizon
composed of the material of the upper part of the natural humus horizon
and by periodic accumulation of alluvium. The plow horizon is underlain
by the undisturbed part of the humus horizon that merges into alluvium.
Soils originate by the agrogenic modification of Soddy Alluvial soils
where the initial humus horizon is more than 25 cm thick. This is not a
frequent phenomenon, consequently these soils are not wide spread. They
are more common as a direct transition from Soddy Alluvial soils to
Soddy Alluvial Agrozems.
The gleyic subtypes is identified by gley properties, like those in
natural Soddy Alluvial soils.
• «Aüii»'
Type: DARK-HUMUS AGRO-ALLUVIAL SOILS
PU-AU-C(ca,s)~~
These soils are identified by an agro-dark-humus horizon
underlain by the undisturbed part of the natural humus horizon with
strong crumb-granular structure that merges gradually (by the decrease in
humus) with the stratified alluvium. The latter is often carbonateenriched, and sometimes soluble salts may be present.
Humus content in the agro-dark-humus horizon is from 5-8%,
humic acids predominate; the exchange capacity is high (more than 30
cmol kg"') and the soils are base-saturated, neutral, sometimes alkaline.
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The subtypes are identified in the same way as the natural analogs
of these soils. An agrogenically compacted subtype is recognized along
with typical, solonetzic, saline, vertic, gleyic, cryptogleyic. The
compacted subtype is identified by weak angular structure of the PU
horizon (apedal material is common), the soil mass seems to be
compressed and lacks intrapedal voids. Strong fissuring by desiccation is
inherent to this horizon producing coarse rhombohedral blocks 30-50 cm
in diameter. Apparent density is far beyond the optimal (1.3-1.4 g/cm'')
Type: PEAT GLEY AGRO-ALLUVIAL SOILS
PT-TR-G~~
The surface diagnostic of these soils is based on an agro-peatmineral horizon, brownish dark gray or brownish black in color, with
crumb structure and considerable admixture of fine clayey mineral
material so that the organic matter content is less than 35%. These
properties of the horizon are attributed to the synlithogenic nature of
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Alluvial soils - regular input of mineral material with high-flood water.
In contrast to Agro-Peat Mineral soils the properties of this horizon are in
no way related to the field management practices.
The agro-peat-mineral horizon is underlain by the undisturbed
part of the peat or peat-mucky depth, which is also enriched in clay
material in the form of fine lamina, and merges with gleyed fine-textured
alluvium. These soils are usually drained, therefore, the giey horizon is
altered to an oxidated-gley one.
Subtypes are identified with the same criteria as the
corresponding natural soils. Along with these, the presence of oxidated
gley resulting of drainage is taken into account. The typical subtype is
that of peat-mineral soils, and this is a specific feature of the type. Thus,
the following subtypes are recognized: peat-mineral saline, marled,
ferruginated, oxidated-gley.
Type: LIGHT-HUMUS (SODDY) GLEY AGRO-ALLUVIAL
SOILS
PY-AYg-G-~
These soils are identified by an agro-Iight-humus horizon,
underlain by the undisturbed part of the corresponding natural humus
horizon that merges with the gleyed alluvium.
Soddy Gley Agro-Alluvial soils are formed by the agrogenic
modification of Soddy Gley Alluvial soils, and inherit their acid reaction,
low saturation and fulvic-humate composition of humus. The humus
content in the agro-Iight-humus horizon is 3-5%. Long-term cultivation,
application of fertilizers and liming change soil reaction to neutral or
close to neutral and high base saturation is (80-90%) in the topsoil is
achieved.
The subtypes are identified by hydrogenic accumulations of iron
compounds (ferruginated), or oxidated gley (with the corresponding
subtype). Fine texture of the upper horizon favors the development of
compaction, so the compacted subtype is also recognized.
Type: DARK-HUMUS CRYPTOGLEY AGRO-ALLUVIAL SOILS
PU-AUq-Q(s)~~
These soils are identified by an agro-dark-humus horizon
underlain by the undisturbed part of the humus horizon whose thickness
is more than 10 cm. The color is "cold" dark gray, and structure is strong
granular - fine platy. The transitional horizon is dusky gray with humus175

enriched streaks and olive mottles. The grayish oHve alluvium contains
carbonates, and sometimes also soluble salts.
i jsys-ttiio:- <j\
These soils are rich in humus (5-8%), which is fulvic-humate in
composition. The CEC is high (more than 30 cmol kg''). The soils are
base-saturated, and neutral to alkaline along the profile.
The subtypes are similar to those for Dark-Humus Cryptogley
Alluvial soils, and a compacted one is complementary to them.
Type: VERTIC AGRO-ALLUVIAL SOILS
PU-AUv-Vq-Cq(s)~~
These soils have a very compact agro-dark-humus horizon with
angular structure or are apedal overlying the undisturbed part of the
natural dark-humus horizon with its vertic features and the vertic horizon
proper.
Subtypes are recognized by the evidence of salinization and
agrogenic compaction.
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2.3. ORDER: Alluvial Agrozems
Soils of the order have much in common in their profile
composition with the Agrozems of the Postlithogenic trunk. Their
profiles consist of agrogenically modified humus horizons more than 25
cm thick overlying stratified alluvium of varying textures. Alluvial
Agrozems differ from the postlithogenic Agrozems by the character of
the parent material, which is always stratified in the Alluvial Agrozems.
Below, the list of the types of ALLUVIAL AGROZEMS (with
subtypes for each) is presented.
Types of Alluvial Agrozems
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2.4. ORDER: Stratozems
The order embraces different soils with one common feature: the
uppermost horizon in their profiles has been transported and
accumulated, and the stratified humus-enriched material is thicker than
40 cm. This material rests on an initial soil or parent material. The
stratified sequence may originate either from water or aeolian
accumulation, or be introduced artificially, for example with irrigation
water, or by applications of mineral and organic material. The input of
solids occurs regularly over a long time span, thus, it occurs along with
soil formation (syngenetically). Stratozems are regarded as synlithogenic
soils, irrespectively of the character and source of the material
accumulated.
In terms of their profile composition, namely, a humusaccumulative horizon over a parent material, Stratozems are similar to the
Light-Humus (Soddy) or Dark-Humus Alluvial soils. It is not considered
correct to classify them as one group, since the genetic interpretation of
Stratozems is incompatible with the traditional concepts about Alluvial
soils.
The subdivison of Stratozems at the type level is based on the
upper horizon properties, and the thickness of the stratified sequence.
Where the process is known for the stratified sequence, the
names of Stratozems at the subtype level might be indicated, for example:
water-deposited, wind-deposited, irrigation-produced).
Type: LIGHT (SODDY) STRATOZEMS
AY-RY-{[A-B-C])
These stratified profiles are more than 100 cm thick and have a
light-humus horizon more than 40 cm thick formed under natural
vegetation that overlies a buried profile at depth. The buried soil does not
exert any effect on the current pedogenetic processes.
There is only one subtype - typical.
Type: DARK STRATOZEMS
AU-RU-([A-B-C])
Dark Stratozems are more than 100 cm thick and have a darkhumus horizon more than 40 cm thick overlying a buried soil at depth.
Only one, typical, subtype is identified.
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Type: LIGHT (SODDY) STRATOZEMS ON A BURIED SOIL
AY-RY-[A-B-C]
The profile has a light-humus horizon more than 40 cm thick that
formed within a stratified sequence 40 to 100cm thick that overlies a
buried soil. The light humus horizon was formed under natural
vegetation.
Subtypes are recognized by the character of the buried soil; for
example, a Soddy Stratozem on a Soddy Podzolic soil.
Type: DARK STRATOZEMS ON A BURIED SOIL
AU-RU-[A-B-C]
These soils have a dark-humus horizon more than 40 cm thick in
stratified material that is 40 to 100 cm thick and overly a buried soil.
Similar to the Soddy Stratozems on buried soils, the subtypes are
recognized by the character of the buried soil.
When used in farming Stratozems are characterized by
agrogenically transformed topsoils - agro-dark-humus or agro-lighthumus horizons. Hence, the following types are recognized.
LIGHT AGRO-STRATOZEMS
PY-RY-([A-B-C])
DARK AGRO-STRATOZEMS
PU-RU-([A-B-C])
LIGHT AGRO-STRATOZEMS ON A BURIED SOIL
PY-RY-[A-B-C]
DARK AGRO-STRATOZEMS ON A BURIED SOIL
PU-RU-[A-B-C]
Subtypes are recognized by the character of the buried soil, for example.
Dark Agro-Stratozems on a Soddy Podzolic soil.
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2.5. ORDER: Weakly Developed Soils
The order embraces soils, which profiles are dominated completely
by parent rock properties because of very weak manifestation of
pedogenesis. Thus, the character and regime of sedimentation of solids
are mainly responsible for the profile composition. Hence, only a weak
organic horizon (W), light in color and of low depth, may be identified in
the top of the solum, its uppermost part may abound in roots. This weak
organic horizon is replaced downward by a stratified sequence frequently
containing lenses of buried organic material.
There is no subdivision into types until now; presumably, the
mechanism of deposition may receive a priority, so ALLUVIAL,
STRATIFIED,
VOLCANIC-ASH,
STRATIFIED,
AEOLIAN,
PROLUVIAL and other similar soil types will be probably specified in
future.
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Chapter 3. TRUNK OF ORGANOGENIC SOILS
The whole profiles of soils, or their major parts are composed by
organic material, mainly by peat. Its thickness is always more than 50 cm.
The trunk comprises only two orders: native organogenic (organic) soils
and human-modified ones.
3.1 ORDER: Peat Soils
Soils of the order are characterized by the surface peat horizon,
which is deeper than 50 cm, and the degree of peat decomposition varies
in a wide range. !t is underlain by a mineral substrate with gley properties
and of any texture, or by a thick peat deposit.
Types are specified within the order in accordance with the
composition and type of peat.
Type: OLIGOTROPHIC PEAT SOILS
(HIGH-MOOR PEATBOGS)
TG-T^^G)
Below the layer of moss remnants, 10-20 cm thick, there is a
deep (>50 cm) oHgotrophic peat material, composed mainly of
decomposed Sphagnum moss residues, which degree of decomposition
usually increases downward. Hence, the color of peat changes from the
yellow brown to dark brown or reddish brown. For deep peat deposits,
the lower layers may be regarded conventionally as organogenic parent
material. These layers display a lower biological activity in comparison
with the upper part of peat sequence, as well as lower water permeability.
If the mineral substrate is underlying the organic strata, the upper part of
the former has a bluish gray or dark gray color owing to impregnation by
mobile humus substances, while the lower part has greenish olive or
dusky bluish green color testifying to gley processes.
The peat horizon is acid (pH 3.2-4.2), has a low ash content
(2.4-6.5% ash per diy matter), very low density (0.03-0.10 g/cm"^). The
proportion of solids is only 0.14-0.65% of soil volume. Water-holding
capacity equals 700-1500% per dry matter. The exchange capacity is 8090 cmol(+) kg"'; the total content of CaO, K2O, P2O5 ranges from

In these and other peat soils the symbol T is used for parent rock.
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hundredth to tenth of percent. High content of nitrogen is typical, while
the mobile (mainly, ammonia) forms are scarce.
Oligotrophic Peat soils are formed in taiga and tundra zones
owing to atmospheric water stagnation, which happens mostly on the
interfluve plains as a process of bogging, or development of oligotrophic
vegetation on swamped water bodies overgrown with plants. The
oligotrophic vegetation is presented by Sphagnum moss, shrubs and low
shrubs, dwarf (pine) trees may be encountered.
Subtypes are recognized by the degree of peat decomposition,
occurrence of mineral gley substrate in the solum, or mineral lenses in the
organic thickness.
The typical subtype corresponding to type diagnostics has a depth
of peat above 1 m. In soils oi the peat-gley subtype the mineral substrate
underlies the organic sequence within the depth interval 50-100 cm. The
subtype of destructive soils is characterized by the earthening and
degrading upper part of the peat deposit, owing to the loss of contact with
the ground water. This may happen because of either natural processes
(upward growth of peat, or frost heaving of peat hummocks), or drainage
(without plowing). Soils referred to the alluvial-stratified subtype have
lenses of mineral alluvium in the peat deposit. The same phenomenon is
responsible for specifying the ash-stratified subtype, where lenses are
composed of volcanic cinder.
Type: EUTROPHIC PEAT SOILS
(LOW-MOOR PEATBOGS)
TE-T-(G)
Soils are recognized by their eutrophic peat horizon, which depth
is above 50 cm, and Sphagnum moss remnants are not dominant among
the semi-decomposed plant residues. The peat deposit is subdivided into
horizons; its upper part is brown, of lower decomposition degree; then a
dark reddish brown layer, usually composed of muck, follows. The whole
thickness is below 70 cm. The underlying mineral layer displays gley
features, and is humus-impregnated in its upper part.
Soil reaction varies from neutral to acid, the content of ash is 5 10% to 30-50%, the exchange capacity - 100 to 2000 cmol(+) kg', and
the base saturation may be very high. Nitrogen content is 1.5-4%. Soils
are poor in available nitrogen, phosphorus, and potassium.
The Eutrophic Peat soils occur in depressions, river terraces and
other topographic elements, where the inflow of mineralized ground
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water is mainlained. Soils are widely spread on vast glaciofluvial
lowlands of "polessie" type. The eutrophic vegetation is mainly
composed of sedges, reeds, Hypniim mosses and alder groves.
Subtypes are identified by the degree of peat decomposition,
occurrence of mineral gley substrate in the solum, or mineral lenses in the
organic material.
Thus, there are typical, peat-gley and peat-mucky subtypes. The
latter is peculiar by the high degree of organic matter decomposition (3545%) and dark, or even black, color. There are also alluvial-stratified and
ash-stratified subtypes.
Type: DRY-PEATY SOILS
TJ-T-D
Soils are characterized by a thick organic horizon overlying a
mineral substrate, which is non-transformed, or weakly impregnated by
mobile organic substances and lacking gley features. The peat layer is
composed of the remnants of mesophytic plants, which degree of
decomposition strongly varies. The upper part of peat layer is light in
color, brown, and the initial shape of plants is rather well preserved. The
middle and lower parts are composed of a rather friable peat with almost
unrecognizable plant remains. Shallow mucky lens may be identified on
the contact with the underlying mineral thickness. The latter is presented
by a non-consolidated stony material with voids filled with organic
comminuted plant residues and organic matter (which may be
translocated by gravity), or by an almost non-weathered fissured massive
hard rock, or by separate large blocks of hard rock.
Soils are very acid and have a high ash content (10-30%). The
exchange complex is strongly unsaturated.
In terms of soil genesis, of primary importance is the "dry" peat
accumulation directly on the mineral substrate, not related to ground
water or bogging. It proceeds under cold and humid marine climate, or in
high mountains. In spite of elevated atmospheric humidity, the Dry-Peaty
soils are not excessively moistened owing to high filtration capacity of
the underlying rock. The combination of high atmospheric moisture and
rather low summer temperatures hinders the decomposition and
mineralization of plant residues and provides the upward growth of peat.
"Dry" (low-icy) permafrost is not infrequent in the profiles of Dry-Peaty
soils. Soils occur in tundra and taiga zones in mountains with extrahumid and humid climate with varying degree of continentality.
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Subtypes are recognized by the character of the peat layer, and
depth of mineral substrate.
Along with typical, there are raw-hiimus soils (raw-humus
horizon 5 to 10-15 cm thick underlying the dry peat), and peatlithogenic. The latter subtype is identified by the occurrence of the
mineral substrate within 1 m.
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3.2. ORDER: Agro-Peat Soils (Torfozems)
The order consists of soils occurring on reclaimed, mostly
drained peatbogs, they have a peat agrogenically modified horizon,
overlaying the peat layer; the total thickness of both horizons is above 50
cm.
Types are identified within the order in accordance with the
properties of the agrogenically modified horizon and presence of the
mineral substrate within the solum.
Type: OLIGOTROPHIC AGRO-PEAT SOILS
PT-TO-(G)
Soils have an agrogenically modified horizon, which composition
is dominated by semi-decomposed remains of oligotrophic plants. Soils
are formed in the course of agricultural reclamation of oligotrophic (high
moor) peatbogs.
Subtypes are recognized by the presence and character of mineral
admixtures in the agro-peat horizon and peat layer, as well as by the
properties of underlying mineral substrate. The typical subtype represents
the central type concept. The peat-mineral subtype is recognized by the
admixture of mineral material, sand or clay, added for improving soil
properties. The content of organic matter is more than 35%. In \.\\Q peatmineral soils, the mineral substrate appears in the depth interval 50 to 100
cm. The subtype of peat-oxidated-gley soils is peculiar by rusty and light
colored mottling derived of artificial drainage. Soils referred to the
alluvial-stratified subtype have layers of alluvium of varying texture in
the peat deposit. Lenses in the ash-stratified subtype are composed of
volcanic ash.
Type: EUTROPHIC AGRO-PEAT SOILS
PT-TE-(G)
Soils differ of the Agro-Peat oligotrophic ones by the
predominance of residues of eutrophic plant species in the composition of
peat, along with higher degree of peat decomposition.
Subtypes are identified by the presence and character of mineral
admixtures in the agro-peat horizon and peat layer, as well as by the
properties of underlying mineral substrate. There are typical, peatmineral, peat-gley, peat-oxidated-gley, alluvial-stratified, ash-stratified.
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and peat-mucky subtypes. The criterion for the latter subtype is the
presence of well decomposed organic material of smeary consistence.
Type: AGROPEAT-MINERAL SOILS
PTR-T-(G)
Soils of the subtype have an agro-peat-mineral horizon formed by
continuous and regular application of sand, clay and other mineral
material. The organic matter content is below 35%.
The following subtypes are proposed; typical, mucky-oxidatedgley, alluvial-stratified.
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Chapter 4. HUMAN-MODIFIED SOILS IN ANY TRUNKS
Among the human-modified soils there are soils, which
diagnostics is weakly studied, and only orders may be identified rather
reliably. As for types and subtypes, it is now possible to present only
criteria for their identification. Further research will hopefully result in
more detailed diagnostics and grouping of these soils. Such are degraded
soils subjected to strong technogenic chemical impacts
CHEMODEGRAZEMS, and continuously waterlogged soil
AQUAZEMS, or paddy soils.
ORDER: Chemodegrazems
All soils of the order are contaminated with any toxic chemicals
(heavy metals, pesticides or herbicides, hydrocarbons, radionuclides,
etc.). The degree of contamination is qualified as very dangerous
according to the criteria accepted. The morphological properties of soils
may remain unchanged versus the natural soils, or any modifications of
morphological features may be observed.
Two types are now identified in the order, and they are not
attached to any of the trunks: strong chemical pollution may affect as
postlitghogenic soils, so synlithogenic and organogenic ones.
Type: CHEMOZEMS
Chemical pollution in these soils caused drastic changes in the
composition of soil migrants and soil exchange complex, it strongly
affects the soil biota, which may be partly killed or disappear.
Nevertheless, these effects may be not revealed in soil morphology
during a long time period, usually they do not modify the soil
horizonation. Therefore, the identification of soils in terrain becomes
difficult, and indirect indices are to be involved, namely, the status of
vegetation, parameters of litter fall, etc. Direct and reliable diagnostics
may be performed only with the application of analytical methods.
The subdivision of chemically modified soils - Chemozems, into
subtypes is proposed in accordance with the kind of pollution and the
name of initial soil at any level. For example: Chernozem polluted by Cu,
Ni, Co over the Soddy Podzolic soil.
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Type: CHEMICALLY MODIFIED SOILS
Chemical pollution in these soils is accompanied by changes in soil
morphology caused by aggressive chemicals and/or by the deposition of
technogenic material in the solum. Genetic horizons are strongly
modified, new horizons may appear, along with neoformations akin to
natural initial pedogenesis. The newly formed profile may be partly
similar to the natural one, though proper to other natural environments.
However, more frequent is the development of a new natural-technogenic
body lacking any natural analogs. The transformation of the soil profile is
accompanied by essential changes in the geochemical migration pattern,
humus formation and other processes.
The subdivision of chemically modified soils into subtypes is
possible in accordance with both their neoformed properties and
preserved initial horizons; these features should find their place in the soil
name, hence, its construction becomes different of that used for the
majority of soils. For example, "a bituminous Solonetz over a Texturally
differentiated soil" is a soil with a textural horizon within an oil field
polluted by a combination of strongly saline drilling solution and oil (or
oil products).
ORDER: Aquazems
All soils of the order refer to the Postlithogenic trunk; they are
formed under the influence of periodical prolonged flooding required for
the rice cultivation. Aquazems may derive of the modification of fullprofile soils, however, more common is their development from soils
disturbed partially or completely by land leveling and other activities in
the course of rice pad construction. Gley processes, abundant Fe-Mn
neoformations, appearance of a bleached horizon, transformation of
carbonate and salt profiles are characteristic of Aquazems.
Subtypes may be identified by newly formed and residual natural
soil properties. When the natural profile is completely destroyed, and
newly formed properties are hardly recognized, the substrates used for
rice cultivation are qualified as technogenic surface formations.
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Chapter 5. CRITERIA FOR DIVIDING SUBTYPES INTO
GENERA, SPECIES, VARIETIES AND PHASES
It is worth remembering tiiat the major approaches to subdivide
soils at categories lower than subtype remain practically the same as in
earlier versions of Russian classification systems for the species and
varieties. Lower taxonomie units that are subdivisions of subtypes into
genera, species, varieties and down to individual phases of the Types are
not obligatory for all members of the population - some categories may
be omitted, if the specific property it presents is not inherent to the object
classified. Commonly the full name of a soil starting at the type level
would contain six ingredients all of them important to identify soils. For
example, the category of phases is not relevant for soils of the Lithozems
order as the phase is provided for soils whose profile is deeper than 30
cm, and Lithozems have profile depths of less than 30 cm. At the same
time, the number of modifiers may exceed 6 when several characteristics
are recognized at the species level. The category of species identifies
quantitative differences in the development of soil properties.
Nevertheless, unlike the earlier versions with their individual
criteria for soil types or subtypes, more universal criteria to identify types
(subtypes) are proposed in this system. For example, there are only two
groups of parameters to identify species by their humus profile properties,
namely, the thickness of the humus profile and the content of humus in
the upper horizon: a group for soils with the dark-humus (agro-darkhumus) horizons and another group for the light-humus and agro-lighthumus horizons. This approach preserves the traditional subdivision of
soils with different humus reserves and emphasizes their specific nature.
Simple subtypes are identified if one modifier is used, and
complicated ones by using several modifiers, such as the thickness of
humus horizon, humus content in the topsoil, and depth of carbonates.
This latter combination of criteria is common when classifying
Chernozems: thin, medium-humus, shallow-carbonatic solonetzic
Southern Chernozem. An example with Podzols species may be the
following: unsaturated, shallow-arable, low-humus, deeply gleyed
humus-illuvial, gleyic Agro-Soddy Podzol. In this case we have three
modifiers for species, and two modifiers (humus-illuvial, gleyic) for
subtypes. If we go down to phases, we may acquire two more modifiers
(weakly skeletal, deep glaciofluvial sands).
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Genera
Genera are identified by base saturation, state of carbonates
leaching, presence of gypsum, and by the chemical composition of salts
in case of salinization.
Base saturation (% of CEC) identifies the following genera:
1. Unsaturated - < 80%;
2. Saturated-> 80%.
Depth o^ leaching of carbonates identifies the following genera:
1. Carbonate - carbonates are present in ail soil horizon, including the
humus-accumulative;
2. Leached (weakly, moderately, strongly) - carbonates are present in
the upper, middle and lower parts of the intermediate B horizon.
3. Carbonate-free - carbonates are absent in the solum, though may be
present in the parent material;
The genus of gypsic soils is characterized by the occurrence of gypsum in
the solum not deeper than the intermediate B horizon.
The type of salinity (composition of salts) identifies genera of saline soils
in accordance with the parameters used in the former "Classification and
Diagnostics of Soils of the USSR".

1.
2.
3.
1.
2.
3.
4.
5.

Species
Depth of humus horizon, cm
Soils with a light-humus horizon
Shallow
<5
Moderately deep 5-15
Deep
>15
Soils with a dark-humus horizon
Very shallow
<40
Shallow
40-60
Moderately deep
60-80
Deep
80-120
Very deep
>120
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Depth of surface peal hor izcm, cm (TE, TJ, TO.TR, PAT.PTR)
1. Shallow-peaty
10-20
2. Peaty
20-30
3. Peat
30-50

1. Shallow
2. Moderately deep
3. Deep

Depth ofpeal deposit, cm
(for soils of organic trunk)
50-100
100-200
>200

Degree ofpeat decomposition
(easily recognizable remains of peat-form ing plants, mass % )
1. Weakly decomposed
>80
2. Moderately decomposed
80-70
3. Strongly decomposed
70-45

1.
2.
3.
4.
5.

Shallow arable
Medium arable
Deeply arable
Deep-broken
Very deep-broken

Depth of arable layer, cm
< 20
20-30
30-40
40-60
> 60

If the depth of the natural humus accumulative horizon exceeds the
thickness of the arable layer, both parameters are introduced into the
species definition.
Humus content in the humus-accumulative horizon (% humus)
Soils with a dark-humus or agro-dark-humus horizons (A U, PU)
1. Low-humus
2. Medium-humus
3. High-humus
4. Rich in humus ("Fat")

3-5
5-7
7-9
>9
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1.
2.
3.
4.

Soils with a light-humus or agro-light-humus horizon (AY,PY)
Very low-humus
<0.5
Low-humus
0.5-1.5
Medium-humus
1.5-3.0
High-humus
>3

Depth of lower boundary of the bleached eluviation horizon, E or EL. cm
1. Surface-podzolic
<10
2. Shallow-podzolic
10-20
3. Non-deep podzolic
20-30
4. Deep podzolic
30-45
5. Very deep podzolic
>45
When specifying these units, the depth of litter is not taken into
account, nor are tongues of bleached material. For Solods the adjective
"solodic " is substituted for "podzolic ".

1. Deeply gleyed
2. Surface gleyed
3. Profile-gleyed

Depth and profile location of gley features^"
100-130cm, transition to the parent material
above 50cm, in the topsoil
throughout the solum

When specifying these species units, the degree of gleying is
disregarded. Gley horizon may be of importance along with
redoximorphic features.
Depth of the upper boundary of the solonetzic horizon in Solonetzes, cm
1. Crusty
<5
2. Shallow
5-10
3. Medium
10-25
4. Deep
>25
Exchangeable sodium in horizons BSN or PU (PY) in Solonetzes. %
1. Weakly sodic,
<10
2. Low-sodic
10-25
30

These gley locations may be needed when at the Type and subtype
designations in the profile the occurrence of redoximorphic features is not
sufficiently clear
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3. Moderately sodic
4, Highly sodic

1.
2.
3.
4.
5.
1.
2.
3.
4.

25-40
> 40

Base saturation, %CEC (in the topsoil)
Strongly unsaturated
<30
Unsaturated
30-50
Weakly saturated
50-80
Moderately saturated
70-80
Strongly saturated
> 80
Upper boundary of carbonates - depth of effervescence with HCl. cm
Surface carbonatic
<30
Shallow carbonatic
30-50
Moderate carbonatic
50-120
Deep carbonatic
> 120

Some other species may be recognized, and the criteria for them
are the same, as used in the former "Classification and Diagnostics of the
Soils of the USSR". The reasons to specify other species are the
following: depth of appearance of salts in the profile, degree of
salinization; upper boundary of gypsum accumulation in the solum and
the depth of the gypsum-enriched layer, kind of gypsum neoformations;
upper boundary and thickness of the marled horizon.
Varieties
Irrespective of soil genesis, this category indicates soil texture and
abundance of stones. Hence, soils may receive two modifiers for each
property. The subdivision into varieties is based on properties in the
topsoil, namely, layer 0-30 cm.
In terms of texture, the following units are recognized: sand, loamy
sand, light loam, loam, heavy loam, clay.
In terms of rock fragments ( > 1mm) the following varieties are
recognized, % of the soil volume: etc.
1.
2.
3.
4.

Weakly skeletal
Moderately skeletal
Strongly skeletal
Very skeletal

< 10
10-20
20-50
> 50
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Phases
The subdivision at this level presumes the assessment of the fïneearth part of the solum and the genetic type of parent material. Therefore,
the soil name corresponding to the phase category comprises the
obligatory modifier of the parent material, and the kind of profile, if
required. In the majority of soils on unconsolidated deposits (loess, till,
glaciofluvial sands) having deep profiles the thickness modifier is
omitted.
The depth of the fine-earth part is defined as the layer of any
texture and abundance of rock fragments from the soil surface to hard
rock, or pan (petrified layer) which cannot be penetrated by plant roots.
Soils with the following kinds of profiles are specified:
Weakly developed
Moderately developed
Strongly developed
Very strongly developed

30-50 cm
50-80 cm
80-120 cm
>120 cm.

Soils having profiles less than 30 cm thick are classified as
Lithozems.
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P a r t 3 SYSTEMATIC OF TECHNOGENIC
SUPERFICIAL FORMATIONS
Along with soils, diverse natural formations outcropping on the
Earth surface are regarded as traditional objects of soil surveys, such as
rock outcrops, sand dunes, glaciers, etc. However, not only natural, but
also human-made bodies now occupy considerable "mappable" areas on
the globe, and in Russia, in particular. In Russia, they are termed
Technogenic'") Superficial Formations (TSF). They result from
purposeful construction that imitates natural soils, or they may be specific
non-soil remnants of human activities consisting of natural substrates
mixed with artificial materials.
Technogenic Superficial Formations are not real soils in the
Dokuchaev pedogenetic perception, and, therefore, are not included in the
same genetic soil classification as natural or semi-natural soils.
Nevertheless, TSFs, being an individual recognizable block of surface
bodies, need to be diagnosed and classified for the purposes of inventory,
like soils. Most of them are large enough to become mapping units in
detailed soil surveys.
The identification and systematics of TSF makes use of the
following criteria: composition of the material, morphology of truncated
or filled sequence (in the latter case it may be stratified), origin - natural
or artificial, and the toxicity of the TSF substratum, sometimes, its
chemical properties.
Despite a certain similarity in approaches to the systematic of soils
and TSF at first sight, there is an important difference: the layers, or strata
in TSF are not regarded as genetically interrelated phenomena.
Categories
A preliminary two-category system is proposed for TSF - groups
and subgroups. In order to emphasize the difference between soils and
TSF (which are non-soils in our perception!) the names of taxonomie
The term "technogenic" is widely used in Russia for all kinds of humanmodified soils, since it is believed that any change in soil cannot be produced
by people without use of an instrument or "technique", even if a spade is used
as a technical means. The authors assign a more restricted meaning to this
term: technogenic - basically produced by industrial impacts, including
urbanization and mining activities.
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levels applied to categorize TSFs are different of those used for soils. The
same concept was applied for the names of technogenic objects
themselves. The present-day status of knowledge on technogenic bodies
and processes inherent to them enables us to specify only two categories
with a restricted number of units in each. Lower categories may be
specified in the future, although some criteria used for soils may be not
entirely rejected.
Groups comprise bodies derived from functionally similar
substrates with reference to their: potential of reclamation and
rehabilitation, and/or recurrence of pedogenesis when re-vegetated
(organic material or humus-accumulation, podzolization, etc.). The
provenance of TSF substrates should be also taken into account, as they
may be either natural or artificial.
The criteria at the subgroups level comprise two characteristics of
the substrate: its composition (mineral, organic, mixed, etc.) and bedding
(natural outcrops or artificial filling).
Additional properties to recognize lower categories within
subgroups include: number and properties of mineral or organic layers,
homogeneity of the formation, structure of the upper organic layer, fabric
characteristics of the mineral sequence such as stratification, texture, and
mineralogy, and chemical composition such as the content of carbonates
or soluble salts, as well as the depth of their occurrence, and shape and
size of secondary formations.
There are also two special cases. For some contaminated toxic
technogenic bodies the properties of contaminants may be introduced.
For example, chemical forms and migration capacity, and agents of
immobilization in the landscape. Another case is the manifestation of
pedogenic processes which may be original, enhanced by (quasi)natural
soil-forming driving forces, or produced by the human-modified
environment. The former processes may be recognized by evidence of
structure and fabric formation in the incipient humus horizons, while
those formed in another environment may be identified by the
development of gley features, carbonate or ferruginous pedofeatures that
did not exist in the prior environment.
Nomenclature
The nomenclature is new, derived mainly from Latin or Greek
formative elements, and follows its own rules except for the combination
with the Russian suffix "zem". This is the case of the name of
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"Quasizem" group, which means
"something like a soil". The
introduction of an artificial (and even clumsy) nomenclature is intended
to emphasize the boundary between soils with their familiar and mostly
traditional names and technogenic bodies that are somewhat akin to soils.
Three TSF groups are referred to as FABRICATS, because of
being human-made or FABRICATED (Latin "fabricatie"). The names of
these three groups have two formative elements: "fabricat" and prefixes
indicating the kind of material. These prefixes are:
- natur for TSFs that are derived from natural soils - naturfahricats
- arti (artis - artificial) for TSFs created from artificial reworked
materials - artifabricats;
- toxi for TSFs both natural and artificial that contain poisonous or toxic
materials - toxifabricats.
The following formative elements are used at the subgroup level:
- abr (abrasio) for artificially truncated natural sediments;
- strat (stratum) for the material of landfills.
These elements are complemented by an indication of composition,
thus, TSFs composed of mineral material are termed lilhosiraLs, those
composed of organic material are organostrats, those formed from slurry
and manure applications are fimiostrats, and those formed from industrial
or municipal wastes are industrats and urbostrats, respectively.
Urbistrats are thick, stratified mostly mineral sediments. Their
strata differ in age, texture, and the abundance and composition of
artifacts. Humus-rich lenses and organic inclusions may occur. Urbistrats
may be regarded as cultural layers lacking surface humus horizons.
Tentative systematic of Technogenic Surface Formations
GROUPS
QUASIZEMS

NATURFAHRICATS

ARTIFABRICATS

Subg roups
Artiindustrat

Replantozem

Abralith

Urbiquasizem

Lithostrat
Organostrat
Organolithostrat

Artiurbostrat
Artifimostrat

TOXIFABRICATS

Toxiindustrat
Toxiurbostrat
Toxifimostrat
Toxilithostrat
Toxiabralith

At present we do not give taxonomie preference to any of these
introduced substrates. As they mostly occur in combinations, composite
names may be used. Four groups of Technogenic Superficial Formations
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are identified now. However, the system is open, and the number of
groups may increase.
GROUPS AND SUBGROUPS OF TSF
QUASIZEMS are similar to natural soils with respect to a humusenriched surface layer, or other fertile material rich in organic matter. The
humus-enriched layer was placed purposefully to provide for the
development of plants. It is underlain by one or several layers of any
material, including humus-enriched ones, all of which may be arranged in
a regular or chaotic way.
The subgroup of replantozems (the term was proposed by
I.A.Krupenikov and B.P.Podymov) include soil-like bodies created
purposefully for farming (rehabilitated lands) by putting a humus-rich
layer on the leveled surface of truncated soils/sediments or landfills.
Urbiquasizems differ from the former subgroup by their
substrates: Below the fertile humus-enriched surface layer there is a
mixture of mineral material with specific urban artifacts - remnants of
construction materials, wires, road coverings, municipal garbage, etc.
Urbiquasizems occur mainly in the industrial quarters of towns and in the
"sleeping " sectors (Stroganova et al., 1998).
The further subdivision of these two subgroups may be based on
the composition and degree of homogeneity of the topsoil, on the
lithological characteristics of the mineral substrate (stratification,
texture), and on elements of natural pedogenetic processes.
NATURFABRICATS lack humus-enriched surface layers and
consist of any material of natural provenance that has been translocated
and/or mixed by humans. At present, the following subgroups may be
identified:
*abraliths - outcrops of hard rocks and/or unconsolidated
materials in the bottoms and walls of quarries and other excavations;
*Iithostrats - landfills composed of wastes produced by mining or
building enterprises, embankments, leveled plots in the mining or urban
areas, etc.;
*organostrats - heaped stored peat or other natural organic
material;
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*organolithostrats - mixed, non-sorted organo-mineral material.
In most cases it is the humus-enriclied horizon removed from relatively
deep, humus-rich soils and stored for future land rehabilitation.
ARTIFABRICATS consist of artificial substrates which are
absent in nature; they occur in towns and industrial areas on the remnants
of initial soils, or directly on specially prepared sites, at which the soil
mantle has been completely or partially destroyed. According to the
composition of their substrates, they are subdivided into the following
subgroups;
*artiindustrats are non-toxic waste materials produced by
industrial processing of natural materials (slags, ash, etc.);
*artiurbistrats are materials formed from municipal garbage in
town dumps;
*artifimostrats are materials formed by the application of liquid,
semi-liquid and hard organic sludges of towns (fecal slurries), manure
with other slurries from livestock farms, and/or wastes from woodprocessing industries, etc.
TOXIFABRICATS consist of toxic chemically active materials,
which are unsuitable for agricultural and silvicultural practices. They are
sometimes used for natural plant cover regeneration without special
remediation measures. They may be sediments of toxic slime and dump
tailings of factories, mine spoils in copper and some other mines, viscous
oil products, poisonous municipal wastes, or non-covered dumps of toxic
chemicals or mineral fertilizers, etc. Lower categories are similar to those
of naturfabricats and aritfabricats with the main difference being the
presence of toxic substances. They are indicated by the prefix "toxi":
toxiindustrats,
toxiurbistrats,
toxifimostrats,
toxilithostrats,
toxiabraliths.
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Part 4 DIAGNOSTIC HORIZONS IN
SUBSTANTIVE-GENETIC SOIL
CLASSIFICATION SYSTEMS^^
INTRODUCTION
The first ideas on soil horizons were coined by Dolciichaev along
with the concepts of a soil profile and soils as individual natural and
historical bodies. He proposed the ABC sequence, where the A horizon
was considered the resuh of pedogenesis and the B horizon was regarded
as a transition to the parent rock. Later, the list of these horizons was
enlarged; the horizons acquired a genetic background and were
subdivided into subhorizons in accordance with the degree of
manifestation of soil-forming processes.
Following the ecological-genetic principles of the official
classification systems of 1967 and 1977, the horizons were only applied
to describe soil profiles; no discriminative diagnostic functions were
attributed to them. These principles suggested that the subdivision of soils
at a high taxonomie level should he based on purely ecological
parameters (soil-forming agents) without regard to the possible similarity
in their profiles. The concept of soil horizons has not changed much since
Dokuchaev's time; the progress has concerned deeper insight into the
genetic nature of soil horizons as well as the perfection of their names
and symbols.
Meanwhile, soil classifications based on substantive principles
employ soil horizons as the major instrument and criterion of soil
division. For this purpose, the horizons should be formalized and
categorized. They should be discriminated in terms of their physical,
chemical, and morphological properties. We presume that the first
attempt of this kind was the American soil classification system, created
in the 1950s and subjected to continuous revisions (Approximations of
1954-1980, the Soil Taxonomy (1975), and several editions of the Keys to
Soil Taxonomy). Moreover, many foreign scientists proposed their own
systems to identify and describe soil horizons, and most of their ideas
were assimilated by the FAQ-UNESCO and ISRIC projects.
In Russia, the work on formalizing genetic horizons for the
purposes of soil diagnostics was initiated by Fridland when developing
Published in "Eurasian Soil Science", 1999, #9.
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the Program of the Soil Map of Russian Federation, 1: 2.5 M scale. The
explanatory texts to this map comprised profile characterization of soil
mapping units, some of them not being provided by the official soil
classification system of 1977.
In the new system of 1997, with its profile-genetic background, the
importance of soil horizons as a link between soil properties and soil
genesis has increased so significantly that a comprehensive definition of
horizons became expedient. Thus, in the latest Russian classification, the
perception of soil horizons is more than that of a sequence of layers
differentiated by certain sets of properties and composing a soil stratigraphic column. An important function is now attributed to horizons: to
indicate the localization of pedogenetic processes in the solum. In turn,
these processes are responsible for the arrangement and composition of
the soil material. In this way, soil horizons implement the genetic
component in the new classification system;
This function of horizons is fully supported by the well-known
triad of Gerasimov, "soil-forming agents-^pedogenetic processes->soil
properties," assuming that horizons are combinations of properties. At the
same time, the diagnostics of soil horizons in the new system is definite
enough to perform the major discriminative diagnostic function and to
restrict the role of environmental factors and subjective interpretation of
soil properties in the new classification.
PRINCIPLES AND CRITERIA USED FOR DISTINGUISHING
SOIL HORIZONS IN MODERN CLASSIFICATION SYSTEMS
We have analyzed the concepts of diagnostic horizons applied by
three popular soil classification systems: (a) the Classification System of
Soils of Russia (1997; RS); the World Reference Base for Soil Resources
(1994; WRB), and the Soil Taxonomy (according to the Keys ... of 1996
published in Russia in 1997; ST).
There is much in common in the principles for horizons'
specification in the three systems. First, the definitions are based on the
sets of features produced by pedogenetic processes, and the majority of
parameters differentiating these features coincide, though some of them
are different. Thus, ST and WRB apply measurable criteria - color,
depth, organic carbon, nonsilicate iron, carbonates, CEC, illuvial clay,
and an increase in clay as compared to adjacent horizonsas the main
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differentiating criteria of diagnostic soil iiorizons. Standard analytical
procedures are used.
The diagnostics of soil horizons in the RS differs from that in the
ST and WRB by the emphasis placed on qualitative criteria with flexible
quantitative boundaries. Vague quantitative criteria in the diagnostics of
soil horizons in the RS are justified by the perception of the soil mantle as
a continuum with a considerable spatial variability in soil properties. The
definitions of soil horizons in the RS give priority to the genetic essence
of these horizons rather than to their quantitative formal characteristics.
Strict quantitative boundaries are accepted in the RS only in the
definitions of organic, clay-iiluvial, saline, and a few other horizons.
Strict quantitative differentiae criteria require analytical data for
qualifying the soil; this circumstance limits the applicability of soil
diagnostics in the practice of soil surveys. Moreover, inflexible limits
may result in an artificial subdivision of soils of the same origin (formed
by the same pedogenetic process); sometimes, the use of strict
quantitative limits may lead to separation of different horizons on the
neighboring walls of a pit, i.e., to distinguishing two different soils that
should be placed into different high-level taxa. Flexible boundaries
permit us to avoid, at least partially, such inadequate solutions.
CORRELATION OF THE CONCEPTS OF HORIZONS
The correlation procedure for soil units in different classification
systems is impossible unless we have a preliminary correlation of
diagnostic horizons and other differentiating characteristics. The latter are
presented in the systems under discussion by two groups of qualifiers:
diagnostic horizons and diagnostic features. In western systems, there is a
third group-diagnostic material that is applied to highly individual parent
materials, such as tephric, organic, and albic (bleached) materials.
The position of human-modified horizons is rather specific. There
are many of them in the RS, and these are mostly agrogenic modifications
of undisturbed soils, whereas the Western system provides special criteria
for topsoils in order to keep the human-modified equivalent in the same
taxon insofar as possible. Only strongly modified horizons or artificial
formations such as anthropic and hydrargic (in soils of rice paddies) are
distinguished separately in western systems.
Diagnostic horizons are the major objects for comparison;
however, for the purpose of their more adequate correlation, we should
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also pay attention to diagnostic features. Since the RS as a national
classification deals with a limited soil spectrum, the phenomena related to
ferrallitic and some other tropical soils are excluded from our analysis.
Surface Horizons: Epipedons, Topsoils
A system of organogenic (organic) horizons is provided in the RS;
they differ by the composition of peat-forming plant residues and their
decomposition rate, depth, and the presence of mineral admixtures. In
accordance with these criteria, the following horizons are specified:
oligotrophia peat composed of sphagnum moss residues and eutrophic
peat derived from the decomposition of other hydrophilous plants. Both
horizons have analogues of smaller thickness. The peaty horizon has
much in common (except for the hydrolog-ical regime) with the drypeaty one; the latter is not permanently saturated with water and is mainly
composed of the residues of mesophilous plants. The peaty-mineral
horizon has a lower organic matter content (<35%) and a higher ash
content (>30%); the raw-humus horizon contains mineral fine earth, and
the mucky horizon displays a higher decomposition rate (>45%). Along
with these natural horizons, there are two agrogenic variants: the
agropeaty and the agropeaty-mineral horizons. All these horizons are
genetically independent, indicate certain combinations of environmental
conditions, and are diagnostic for corresponding types of soils.
One organic epipedon-the Histic epipedon-is defined in the ST.
Histic epipedon is composed of organic soil material; in plowed soils, it
may contain a fine-earth mineral admixture. The histic horizon is watersaturated during a certain time period (the aquic moisture regime), or it
may be artificially drained. The organic material of the horizon is
subdivided into three groups in accordance with the degree of
decomposition of plant residues: (a) the fibric material, which
corresponds approximately to peat or peaty horizons in the RS; (b) the
sapric material, similar to muck in the RS; and (c) the hemic material,
which occupies the intermediate place between fibric and sapric materials
and corresponds to the stage of highly decomposed peat.
Thus, organic materials in the ST (used for the subdivision of the
Histosols order) are compatible with organic horizons in the RS; at the
same time, the differentiae criteria for organic horizons in the RS are
more diverse than those used in the ST for subdivision of organic
materials (the degree of decomposition).
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Figure. The comparison between the volumes of concepts for soil
horizons in Russian and foreign soil classifications, (a) Organic horizons,
(b) humus-accumulative and eluvial horizons, and (c) intermediate
horizons. (1) Indices of soil horizons in the Russian system: (O) litter,
(TO), oligotrophic peat, (TE) eutrophic peat, (T) peat(y), (TJ) dry-peaty,
(TR) peaty-mineral, (AT) raw humus, (H) mucky humus, (AU) dark
humus, (PU) agro-dark humus, (AY) light humus, (PY) agro-light humus,
(AEL) humus-eluvial, (FX) eluvial, (E) podzolic, (BHF) Al-Fe-humus,
(BI) clay-illuvial, (BT) textural, (BM) metamorphic, (BMK) chestnut
metamorphic, (V) vertic, and (BSN) solonetzic; (2-16) designations of
soil horizons in Soil Taxonomy and in the WRB system: (2) foh'c, (3)
histic, (4) histic fibric, (5) histic hemic, (6) histic sapric, (7) mollic, (8)
ochric, (9) eluvic, (10) albic, (11) glossic, (12) spodic, (13) argiilic, argic,
(14) cambic, (15) vertic, and (16) natric.
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Two organic horizons are identified in the WRB, folic and histic,
which are discriminated by the value of organic matter content equal to
35%, The diagnostic interval for the histic horizon ranges from 20 to
35%, while in the case of the organic matter content below 20%, the
horizon is referred to as a mollic horizon. That is why, the histic horizon
in the WRB system overlaps only a part of its equivalent in ST; in the RS,
it approximately corresponds to the concepts of raw-humus, mucky, and
peaty-mineral horizons, in which the organic matter content should vary
from 20 to 35%. The comparison of folic horizon (WRB) with the
organic horizons in the RS is also inadequate; in terms of the organic
matter content, the folic horizon is similar to all kinds of peat, peaty, and
litter horizons, while in terms of water-saturation, it resembles the drypeaty horizon (Fig. a).
Surface humus accumulations are represented in the RS by four
diagnostic horizons-dark humus and light humus horizons of natural soils
and their agrogenic analogues-that differ by the humus content and
composition, type of structure, and the degree of pedality.
The dark humus horizon is diagnosed by a high humus content
(more than 4-6%); the humus composition is dominated by humic acids;
and the water-stable granular structure is typical for this horizon. The
horizon is base-saturated; its pH is close to neutral. The major distinction
of the agrogenic modification of this horizon (the agro-dark humus
horizon) is its moderate to weak pedality. Owing to soil compaction, the
intrapedal porosity is low and irregular water-unstable aggregates prevail;
the lower limit of the humus content declines to 3%.
The light humus horizon is distinguished by the fulvic composition
of humus, light color, and somewhat lower humus content (less than 46%). Light-humus horizons are inherent to tundra and taiga soils, as well
as to soils of dry steppes and semideserts; therefore, their pH values range
within very broad limits. Depth limitations are unreasonable, because the
depth of the horizon is also highly variable (for example, it is rather great
in sandy soddy soils and very low in solonetzes or brown semidesert
soils).
The epipedons mollic and ochric in ST do not completely coincide
with the dark and light humus horizons in the RS, although their
conceptual images are very similar. The discrepancy is attributed partly to
the sets of parameters used and partly to the quantitative boundaries.
The mollic epipedon is close to the dark humus horizon in terms of
color, consistence, and high base saturation. However, the requirements
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to mollic horizon comprise depth limitations (no less than 18 cm for
loamy soils and 25 cm for coarse-textured soils) and rather low humus
content (the minimum requirement is 0.6% Corg); the quality of humus is
not taken into account. Moreover, the mollic horizon may occur in
plowed soils; hence, the granular structure is not regarded as an expedient
diagnostic parameter. Consequently, the concept of mollic epipedon
embraces the dark-humus, agro-dark-humus, and a part of the light
humus and agro-light-humus horizons (Fig. c).
The definition of the ochric epipedon presumes its suitability for
very low-humus horizons (<1.1% humus), including both eluvial
horizons, which do not meet the requirements for albic epipedons, and
thin (<18 cm) high-humus horizons. Therefore, the ochric epipedon in ST
corresponds to several genetic horizons in the RS: light humus and agrolight humus horizons (if they are poor in humus); agrogenic horizons of
strongly eroded or redeposited soils; eluvial and, partly, humus-eluvial
horizons, and even thin dark humus horizons.
The requirements for the mollic horizon in the WRB are similar to
those in the ST, although a higher humus content is allowed (2% versus
1.1%) as the lower limit. These parameters make the mollic horizon as
defined in the WRB, more similar to the dark humus horizon in the RS.
The definition of ochric horizon (WRB) puts emphasis on the low humus
content, supported by color values, and on the small depth. As the lighthumus horizon (RS) has no depth limitations and its lower boundary
concerning the humus content is above 2%, it appears to be broader than
the ochric horizon of the WRB system (Fig. b).
In this way, the differences in perception of humus-accumulative
horizons in the RS, ST, and the WRB are determined mainly by different
values of minimum humus content. We presume that such a low value for
the mollic horizon lower boundary (in the ST) is in accordance with the
principle of including both natural and plowed (impoverished in humus)
soils into the same taxon, while a special horizon is provided for the
plowed variants of the dark humus horizon in the RS. This results in a
smaller volume of the dark humus horizon concept versus that of the
mollic horizon owing to low-humus and poorly structured formations
included into the mollic concept in western systems. In other words, the
restrictions applied to the dark-humus horizon make its "quality" higher
as compared to the mollic horizon (epipedon). This problem was
discussed several times by the WRB group members, and the "high-
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quality" chernic (chernozemic) horizon was introduced in the final
version of 1998.
Eluvial horizons in the RS are represented by the podzolic horizon
inherent to coarse-textured soils as well as by the eluvial proper and
humus-eluvial horizons that are frequent in loamy and clayey soils.
The podzolic horizon lacks structure in the majority of soils; it is
strongly impoverished in sesquioxides (or in iron oxides only) owing to
the dissolution and subsequent removal of brown films around skeleton
grains or aggregates; sometimes, iron oxides are segregated into
concretions. The clay content may not change with respect to the adjacent
horizons, or it may somewhat decrease.
In terms of the genesis and major diagnostic features, the podzolic
horizon is a direct analogue of albic horizons in the ST and WRB systems
(Fig. b). The distinctions are quite small and do not affect the central
concept; for example, the depletion in clay is not prohibited in ST for an
albic horizon, whereas it is obligatory in the WRB system. Moreover, in
the latter system, the depth requirements are important: if the horizon
depth is below 10 cm, it is regarded not as a diagnostic horizon, but as a
diagnostic feature, i.e., "bleached sand and/or silt grains" in a mollic,
ochric, or any other topsoil. Presumably, the depth requirements are
introduced into the WRB system for giant podzols under tropical rain
forests.
The eluvial horizon in the RS is strongly impoverished in
sesquioxides and clay in comparison with the subsoil (the clay depletion
factor is higher than 1.4), and this is the main difference between the
eluvial and podzolic horizons. The piaty structure is of diagnostic
importance for the eluvial horizon; the humus content should not exceed
1-1.5%, and humus is mostly dominated by fulvic acids.
There is no direct analogue for the eluvial horizon in the ST; if a
horizon with such properties occurs on the surface, it would be qualified
for the ochric epipedon. In the WRB system, the eluvic horizon is well
correlated with the Russian eluvial horizon. Their common features are as
follows: bleaching, impoverishment in clay and sesquioxides, and weak
platy structure. However, the redistribution of iron oxides is not
prohibited for the eluvial horizon, contrary to the eluvic horizon in the
WRB, where this phenomenon is recognized as a stagnic diagnostic
feature. The eluvic horizon also has depth limitations (>5 cm), contrary to
the eluvial horizon. As in the case of an albic horizon, thin eluvic
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horizons are probably referred to as diagnostic features: either "stagnic"
or "bleached sand and/or silt grains."
The humus-eluvial horizon has a crumb-biocky siibangular
structure, its humus content is over 1 %, and humic acids predominate m
the humus composition. This horizon has no analogues in western
systems. If we still try to find a due place for it there, it may be regarded
as an intergrade between ochric and mollic epipedons in the ST; in the
WRB, between ochric, mollic, and eluvic horizons (Fig. b).
Although there is no special loamy clay-impoverished and
bleached horizon in ST, it may be partly substituted by a glossic horizon,
which is discontinuous and is represented by the light-colored material
penetrating into textural subsoil (argillic, natric) along vertical fissures.
Its interpretation in the ST presumes the eluvial degradation of the
subsoil. The Russian equivalent of the glossic horizon may be identified
as the "tonguing" diagnostic feature. The reason is that we consider the
bleached and somewhat coarser material penetrating into the subsoil
(forming a wedged boundary) to be a modification of the eluvial horizon.
If the tongues are composed of the humus-enriched material, they may be
identified as a continuation of the light or dark humus horizons.
Intermediate Diagnostic Horizons: (Subsoils)
Illuvial horizons - the Al-Fe-humus horizon in the RS and the
spodic horizon in the WRB and ST-are identified by the abundance of
amorphous compounds of humus, iron, and aluminum forming brown or
dark brown films or coatings on the surface of mineral grains and
aggregates. Both horizons are full analogues with respect to their genetic
interpretation and qualitative criteria; the only difference with the ST is
not having iron as an ingredient of these films in the spodic horizon of the
latter system.
All clay-illuvial horizons have major common properties: an
increment in clay in comparison to the overlying horizons and clay
coatings on ped faces.
Two clay-enriched horizons are specified in the RS, namely, the
textural and clay-illuvial horizons. Both horizons must have a blocky
subangular-prismatic structure and illuviation coatings on ped faces. They
are differentiated by the clay increment factor. In the textural horizon, it
should be above 1.4, whereas in the clay-illuvial horizon, it is lower than
1.4. Illuviation coatings serve as complementary diagnostic indices: they
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are compound, stratified, and clay, clay-siity, or humus-clay in the
textural horizon. Simpler clay or humus-clay films are inherent to the
clay-illuvial horizon.
The argillic horizon accumulating the illuviated clay materia! has
very broad limits in ST. No special structure is provided for it, it may
even be apedal. The clay enrichment factor is frequently below 1.4 (it
depends on the particle-size composition and is approximately equal to
1.2 in clays and loams). Clay coatings may be weak; if they are not
recorded morphologically, the presence of optically oriented clay in thin
sections is assumed to be sufficient evidence of illuviation. That is why
the concept of argillic horizon proves to be broad enough to embrace the
Russian textural and clay-illuvial horizons. We presume that the
flexibility of structure requirements, along with a low limit for clay
illuviation in the argillic horizon, makes its diagnostics rather vague;
according to formal criteria, this horizon overlaps a part of Russian
metamorphic and vertic horizons (Fig. c).
A low value of the clay increment factor (1.2) has been accepted in
the WRB for its argic horizon. Numerous details in its definition are
oriented on confirming the evidence of clay illuviation and discriminating
between the latter and the lithological discontinuity. Illuviation coatings
are obligatory elements of diagnostics and are quantified (according to
the version of 1994, their area should exceed 10% of the area of ped faces
together with pore walls in the profile and not in thin sections, as was
accepted in the previous versions). In this way, the concept of argic
horizon in the WRB is adequate to both clay-illuvial and textural horizons
concepts in the RS.
The Russian solonetzic and western natric horizons are considered
to be a special kind of horizon with clay illuviation and, therefore, have
specific common properties. Complementary to these properties, some
other features are introduced into the diagnostics of the solonetzic
horizon, namely, columnar structure, whitish skeletans accompanied by
clay peptization, alkaline reaction, and unusual swelling kinetics (the
stepwise dynamics of swelling). The percentage of sodium in CEC,
traditionally regarded as a basic criterion of solonetzic properties, is no
longer included in the definition because of low-sodium solonetzes
recently described in many areas of Russia.
The main requirements for the natric horizon in the ST are either
special structure and skeletans of a certain thickness or the saturation of
exchange complex with sodium (magnesium) (the SAR ratio (Na/Ca +
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Mg) should exceed 13%). In the WRB, both requirements are expedient,
and very sophisticated micromorphological diagnostics is added.
Presumably, the emphasis is put on the "traditional solonetzic"
parameters by the WRB in order to differentiate between natric and vertic
features, since soils with their combination are quite common in tropical
and subtropical regions. The profiles of such soils were demonstrated
during the WRB correlation excursions in South Africa and Argentina.
Thus, the concept of solonetzic horizon appears to be broader than that of
the Western natric horizon at the expense of soils with low sodium
percentage but with specific morphological and physico-chemical
characteristics of solonetzes.
Cambic horizons occupy the central place in the group of
melamorphic horizons. Their diagnostics in all the systems supports the
mechanisms of soil weathering (argillization) and structural
rearrangement; therefore, it lacks strict quantitative criteria, except for the
parameters of color for the cambic horizon.
We presume that the difference in perception of metamorphic
horizons derives from the geographical approaches to soil classifications.
Thus, the metamorphic horizon is applied in the RS mainly to humid
taiga soils; hence, its definition includes the content of non-silicate iron
as an obligatory diagnostic criterion. For dry-climate soils, a special
chestnut metamorphic horizon is designed in the RS; this horizon has a
corresponding (chestnut or brown) color, strong fine prismatic structure,
and secondary carbonates not necessarily representing segregations or
nodules. The diagnostics of cambic horizon in the WRB and ST implies
more arid pedogenesis than that inherent to soils with a metamorphic
horizon in the RS; thus, the indications of carbonate leaching are included
in the definition of cambic horizon. Moreover, an increase in clay (in
comparison with overlying horizons) is required for the cambic horizon
as defined in the WRB.
The vertic horizon is identified as a diagnostic horizon in the RS
and WRB, but there is no individual vertic horizon in the ST. To define
the order of Vertisols (in ST), the concept of diagnostic features is used.
At the same time, this concept virtually coincides with the definitions of
vertic horizons in the RS and WRB. The main features of vertic horizons
are the heavy texture (>30% clay) and the presence of slickensides. In
addition, the linear extension coefficient is used in the WRB. These
features describe the dynamic component of the vertisolization (the
development of vertic features) process. The Characteristics of vertic
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horizon in the RS are more definite than those in Western systems
because Russian soil scientists mainly deal with peripheral members of
the Vertisol group occurring in the south of Russia (mainly in the
Ciscaucasian region).
Saline and Other Horizons in the Lower Part of Soil Profiles
The concept of a solonchakous horizon in the RS and a salic
horizon in the WRB coincide; their definitions include the (sub)surface
accumulation of water-soluble salts above 1% of dry residue. The salic
horizon has additional depth limitations. The presence of halophytic
vegetation and the exudative water regime are considered complementary
characteristics. It is, however, not so easy to compare the solonchakous
horizon in the RS with the salic horizon in the ST because of the
difference in applied criteria. The salic horizon is identified according to
the data on electric conductivity of water extracts from soil horizons: the
electric conductivity should exceed a certain level for 90 consecutive
days in one year, and the number of such years should be no less than six
for each decade.
The comparison of the carbonate-accumulative horizon in the RS
with similar western horizons is also rather difficult. Formerly, each
horizon displaying effervescence with hydrochloric acid was qualified by
Russian soil scientists as a calcareous (or carbonate) horizon (the CaCOs
content >0.5%). It was also assumed that the effervescence line should be
in direct dependence on the aridity of the soil climate. In the new system,
an attempt is made to define the carbonate-accumulative horizon as an
individual horizon in terms of soil genesis. This embraces its defmite
location in the profile and accumulation of carbonates from both the
overlying and underlying horizons maintained by the intricate interaction
of the present-day temperature, water, and gaseous regimes. The latter
regime depends on the biota functioning. The carbonate-accumulative
horizon underlies the humus-accumulative one and is identified by a
relative maximum of secondary carbonates. Morphologically, they are
represented by veins (pseudomycelium) or soft segregations (beloglazka
- "white eyes") frequently accompanied by impregnation of the soil mass
by carbonates. The concentration of carbonates in the horizon strongly
varies in accordance with the initial content of carbonates in the parent
rock (from 1 to 30%).
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In ST, the calcic horizon is regarded as an illuvial horizon;
however, its definition imphes the accumulation of not only secondary
(pedogenic) carbonates, but also any other carbonates, which is
inconsistent with the idea of illuviation. This approach makes the calcic
horizon concept broader than the carbonate-accumulative horizon concept
in the RS. At the same time, a higher level of carbonate content is
accepted for the calcic horizon; particular values depend on soil textural
classes (>15% for loams and clays and >5% for skeletal sandy
substrates). In terms of quantitative parameters, the calcic horizon in ST
is rather similar to the marl-rich horizon in the RS, which originates from
the hydrogenic concentration of carbonates exceeding 30%. The calcic
horizon in theWRB is not determined as an illuvial horizon; it is
diagnosed by a higher content of carbonates in comparison with adjacent
horizons. The carbonates are represented by morphologically individual
neoformations and impregnation of the fine earth (plasma). Along with
the calcic horizon, there is a related diagnostic feature in the WRB system
- the "soft powdery lime" - comprising a few migrational and mycelium
forms of carbonates. We may correlate this feature with the lowcarbonate member of the carbonate-accumulative horizon in the RS.
So, the carbonate-accumulative horizon in the RS corresponds to
the most dynamic part of the WRB calcic horizon with a relatively low
accumulation of carbonates and to the "soft powdery lime" diagnostic
feature in the WRB. The other, more stable and carbonate-rich part of
calcic horizons in the WRB corresponds to the marl-rich horizon in the
RS. The latter also corresponds to high-carbonate calcic and petrocalcic
horizons in the ST because of a high content of carbonates, firmness, etc.
CONCLUSION
Application of formal and genetic criteria for the comparison of the
concepts and differentiating criteria of major diagnostic horizons in three
classification systems attests to their incomplete compatibility. The best
correlation is found for the following pairs of horizons: podzolic - albic,
Al-Fe-humus ~ spodic, and solonetzic - natric.
Humus-accumulative horizons are less compatible because of the
difference in approaches to their human-modified variants. Considerable
divergence is recorded for organic, carbonate-enriched, and saline
horizons.
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The new Russian classification system lias more in common with
the WRB system in terms of the number of horizons and their genetic
interpretations, hi ST, the number of natural horizons compatible with
those in the Russian system is almost three times as low (12 versus 32);
this is more evidence of a rather weak correlation between the Russian
and American systems of soil classification.
The incomplete compatibility between the concepts of diagnostic
horizons, along with the formal assumption of the identity of horizons
with coinciding or similar names, may be misleading when correlating
soil units from different classification systems. The results of such a
correlation may be compared with computer translations of foreign texts,
when the formal rules are followed but the impression on the reader is
either wrong or virtually absent.
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APPENDIX
PROCEDURES FOR SOIL ANALYSES
The procedures for soil analysis are those used in Russia, and most
of them do not strongly differ of procedures applied in other countries.
Not many of them are helpful for defining taxa, the diagnostic importance
of chemical and physico-chemical information is required mostly at the
level of species with its qualitative criteria.
Organic matter. The Tiurin procedure is followed to measure the
content of humus in soils. It comprises the oxidation of the soil sample
with potassium dichromate in a very acid medium and subsequent
titration by Mohr salt [(NH4)2S04'FeS04*6H20] of the residual
dichromate. The results are presented as the content of humus: organic
carbon multiplied by factor 1.724.
The qualitative composition of humus is determined by the method
of Tiurin in Ponomareva modification, which permits to separate the nonspecific compounds, humic acids, fulvic acids and humins. The method
presumes a treatment of the sample by a mixture of alcohol and benzene
followed by subsequent extractions by 0.05M sulfuric acid, O.IM NaOH
(before and after decalcination), and alternating treatment by O.IM H2SO4
and O.IM NaOH.
The pH values are measured with a pH-meter supplied by a
combination electrode in the supernatant solution of a 1:2.5 soihliquid
mixture. If the liquid is water (pH„atei), the measurements are performed
after adding distilled water to the sample. To obtain the pH values in IM
KCl solution (PHKCI) the KCl solution with pH = 5.6-6.0 is added to the
sample, the mixture is shaken and left for 24 hours, thereupon
measurements are performed.
Hydrolytic (total) acidity. The sample is left for 24 hours in the 1M
sodium acetate solution at a 1:25 soil:solution ratio. Titration by 0.05M
NaOH of hydrogen ions of CH3COOH formed in the course of exchange
reaction.
Exchangeable bases are measured by titration in the percolate after
percolating the soil by IM ammonium chloride solution, which should
replace bases from the exchange complex.
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The exchange capacity is obtained by summation of exchangeable
bases and hydrogen, which is determined by means of soil percolation by
IMBaClaBase saturation is calculated as percentage of exchangeable bases
of the exchange capacity.
Sesquioxides and silica in the oxalate (Tamm) extraction; the
mixture of oxalic acid and ammonium oxalate at pH 3.2 is used as
extragent, the sample is shaken during Ih, filtrated, then evaporated. The
dry residue is ignited and dissolved by strong acid.
Exchangeable sodium is determined after the sample is washed
free of excess salts, then the sample is percolated by O.IM NH4CI alcohol
solution (ethyl alcohol 70%).
Soluble salts are measured in a water extract at 1:5 soihwater ratio.
Carbonate equivalent (CO2) The sample is treated with dilute
hydrochloric acid, sorption of the resulting CO2 by a strong alkali with a
subsequent titration of its excess with the acid in the presence of BaCl2.
Gypsum is dissolved from the sample by 0.2M hydrochloric acid,
and the sulfate-ion is measured by precipitation with BaCl2.
Citrate-extractable iron is measured following the Mehra and
Jackson procedure; the sample is heated in a solution composed of 0.3M
sodium citrate and IM sodium bicarbonate, and sodium dithionite powder
is added as a reducing agent
Particle-size analysis comprises the ultrasonic dispersion with a
subsequent sampling by a pipette method from a cylinder at time intervals
calculated by the Stocks formula.
Reference: Arinushkina E.V. 1970. A Textbook for Soil Chemical
Analysis. Moscow, Univ. Press.
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