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A concept of soil organopedogenesis has been proposed as an unheeded active process of 
general pedogenesis reflecting the predominant significance of the biological factor in soil for-
mation according to Vernadsky’s theory on organisms’ leading role in all natural processes in the 
continental part of the biosphere. A methodology is presented to reflect the role of organopedo-
genesis in the existing soil classifications by including in their taxonomy the types of accumulation 
and transformation of soil organic matter and the types of organoprofiles. The inclusion of these 
components will make the classification dynamic and increase its practical importance. That is 
especially significant for decision making at the time being given the fast negative global environ-
mental changes. 
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The idea of the far-reaching and active role 

of the biological factor in the soil formation 

and development has been for many years 

close to the followers of Vernadsky's bio-

sphere theory (Rodin, Bazilevich, 1965; 

Budyko, 1984; Kovda, 1985; Odum, 1986; 

1 This paper is based on the results of many years of re-
search by the authors, therefore it refers to a significant 
number of their publications, as well as contains references 

Glazovskaya, 1988; Gorshkov, 1995). Howe-

ver, to date, this role has not been analysed on 

the basis of new data and has not been sum-

marised in terms of its contribution to pedo-

genesis (Evolyuciya pochv ..., 2015; Evolyu-

ciyam ..., 2020). The below paper1 discusses 

to long-standing works of classics, which is necessary to 
highlight the proposed approach. The authors are grateful 
to the editors and reviewers for their understanding. 
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specifically the importance of the biological 

factor in soil genesis and especially the classi-

fication. V. I. Vernadsky's biosphere concept 

(1926, 1994) serves as the theoretical founda-

tion for scientifically sound environmental 

management, which is well known and ac-

cepted by the scientific community. It fol-

lowed the formation of soil science as an inde-

pendent earth science. The biosphere is a thin 

shell of our planet with active «living matter» 

(biomass of organism communities), which is 

a powerful factor in the evolution of the 

Earth's crust over geological times and an ac-

tive reactor in which modern biogeochemical 

processes take place on a planetary scale in 

the surface layer of the atmosphere, on the 

surface of the lithosphere and in the hydro-

sphere. At the same time, the biosphere has its 

own feedback mechanisms with these three 

spheres and ways to restore its own structure 

and functions after disturbances. The pe-

dosphere is a specific active boundary layer in 

the structure of the biosphere between the li-

ving organisms and the continental part of the 

lithosphere; that is, it is the soil cover of the 

planet Earth (Karpachevskij, 1981; Kar-

pachevskij et al., 1984; Vernadsky, 1994; Do-

brovol'skij et al., 2010). It is a thin film where 

the living organisms and their metabolic pro-

ducts have an impact on the upper zone of 

weathering of rocks the Earth's crust, ensur-

ing the effective functioning of biosphere or-

ganisms due to the biotic circulation of matter 

and biogenic energy flows. It has a buffer ca-

pacity that maintains the stability of biological 

communities and the soil itself. The presence 

of the active soil biota and its waste products 

in the pedosphere forms a clear dividing line 

between the soil and the lithosphere (Shoba, 

1988; Dobrovol'skij, 2009; Bahmet, 2015; 

Targul'yan, 2019). 

Modern soil science is based on the ideas of 

V. V. Dokuchaev (Dokuchaev, 1883; Sibircev,

1899; Yarilov, 1904) on five factors of soil for-

mation (climate, relief, soil-forming rocks, or-

ganisms, and time), to which the anthropo-

genic factor has now been added. Notably, the

equivalence of action of these factors was ini-

tially postulated. This basic concept is still rec-

ognised as the basis of genetical pedology. Ho-

wever, already P. A. Kostychev (1886) empha-

sised the leading role of vegetation in soil for-

mation, which did not fit into the principle of

equal influence of soil formation factors. Pre-

sumably, the validity of these postulates de-

pends on the time periods that one handles:

on the scale of millennia, the classical defini-

tion is valid, whereas with regard to intervals

of several decades and centuries, during

which the soil-forming rocks and relief do not

change, the point of view of P. A. Kostychev is

quite justified: he emphasises the contribu-

tion of vegetation as a representative of the

most dynamic biotic factor of soil formation,

although the power of its influence certainly

depends on other components of pedogenesis

O. G. Chertov, N. V. Lukina
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can expect the highest level of SOM accumula-

tion. Interestingly, the process of SOM accu-

mulation is a nonlinear trend with pro-

nounced peaks and falls due to the changes in 

the ratio of organic matter accumulation and 

loss caused by carbon dioxide emissions from 

soils and the removal of organic matter with 

soil waters during natural disturbances. 

Moreover, the general dynamic trend of na-

tural soil formation is a consistent soil eutro-

phication with the accumulation of organic-

compaunds of carbon and nitrogen, but also 

other biophilic elements (Chertov, Razumov-

skij, 1980; Chertov, 1990). Over centuries of 

successional vegetation changes without dis-

turbances, this process can be seen even in 

podzols and peat soils (Chertov, 1981, 1990). 

The implication is that the «theory of a single 

soil-forming (sod) process» proposed by V. R. 

Williams (cited by Williams, 2025), after all, 

reflects the general trend of soil eutrophica-

tion during ecogenetic successions. 

It must be admitted that if we accept the 

dominance of the biological factor as funda-

mental in the soil formation in line with Ver-

nadsky's biospheric ideas (Ponomareva, 

1964; Rodin, Bazilevich, 1965; Chertov, Razu-

movskij, 1980, 1981; Karpachevskij et al., 

1984; Lukina et al., 2010, 2022; Lukina et al., 

2019), then SOM accumulation is a basic sys-

tem-forming process that distinguishes soils 

from geological formations in terrestrial and 

shallow-water landscapes of different levels 

as well. Since our planet is currently experi-

encing rapid climate change, this factor is also 

dynamic, and the impact of modern climate 

change on soils, which has been most pro-

nounced since the 1980s, is also manifested 

through the biological factor, primarily vege-

tation and soil biota (Lukina, 2025).  

Consideration of soil formation in combina-

tion not only with the primary ecogenetic ve-

getation succession [endoecogenesis accord-

ing to V. N. Sukachev (Sukachev, Dylis, 1964)], 

but also with a variety of secondary succes-

sions of forest vegetation caused by various 

disturbances (cutting, fires, storms with the 

formation of pit-and-mound topography, in-

dustrial pollution, and agricultural use), al-

lows us to conclude that both in primary and 

secondary successions, accumulation of soil 

organic matter (SOM) is a clear trend 

(Duchaufour, 1979; Chertov, 1981, 1990; 

Karpachevskij et al., 1984; Odum, 1986; 

Razumovskij, 1999; Lukina et al., 2010, 2019; 

Danilov et al., 2024; Emmer, 1995; 

Nadporozhskaya et al., 2006; Kalinina et al., 

2009). In the intact old-growth forests re-

maining on small areas (Lukina et al., 2023), 

which were formed during the continuous 

turnover of generations of key edificator spe-

cies (Smirnova, 1998; Smirnova, Toropova, 

2008, 2016) and in which natural processes 

prevailed for a long time (hundreds of years) 

and stands with absolutely uneven-aged 

structure was formed (Dyrenkov, 1984), one 

O. G. Chertov, N. V. Lukina
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(biomes, ecosystems/biogeocenoses, ecoto-

pes, etc.). The presence of even the smallest 

amount of soil (not just any) organic matter is 

a sign of the soil at different stages of its de-

velopment. The absence of SOM is a sign of a 

geological or anthropogenically modified sub-

strate or rock, but not the soil. The presence of 

SOM in the absence of mineral material indica-

tes that this is soil, yet on organogenic soil-for-

ming rocks that were originally formed both 

on the mineral matrix and in the aquatic envi-

ronment. On the other hand, even on massive 

rocks, a soil film with cryptomycotic SOM and 

nano-processes of its accumulation can form, 

which then lead to the emergence of lichens 

(Chertov et al., 2004; Lessovaia et al., 2008) 

and the development of soil formation pro-

cesses during primary ecogenetic succession. 

It should be emphasised that SOM is the 

main solid-phase morphologically clearly de-

fined macro-product of biotic influence on soil 

formation, and it has been studied extensively 

and in detail (Trofimov et al., 1986; Orlov et 

al., 1996; Chukov, 1997; Semenov, Kogut, 

2015; Piccolo et al., 2019; and many others). 

Unfortunately, however, theoretical studies 

of SOM constitution, structure and function 

at the beginning of the 21st century go back to 

the positions of a century ago, essentially 

abandoning the scientific legacy of the middle 

of the 20th century (Semenov, Kogut, 2015; 

Lehmann, Kleber, 2015). SOM fractionation 

has been actually reduced to two physical 

fractions: particulate organic matter (POM) 

and mineral-associated organic matter 

(MAOM) (Semenov et al., 2023), and ignoring 

of the past scientific findings goes so far as to 

abandon the term «humus» (Lehmann, 

Kleber, 2015). The latter is an extremity, 

which, at his time, S. A. Waksman (1937) did not 

take the liberty to go to: dark-coloured or-

ganic matter in the upper horizons of soils 

with the historical term «humus» is an objec-

tive reality, no matter how our ideas about its 

chemical composition and physical structure 

change. On the one hand, the outstanding role 

of the «living matter of the biosphere» in the 

formation of SOM from green plants and being 

processed by soil biota as a large-scale pro-

duct in the soil formation is recognised almost 

unanimously (Ponomareva, 1964; Karpachev-

skij et al., 1981; Vernadsky, 1994; Dobro-

volskij et al., 2010; Semenov, Kogut, 2015; 

Chertov, 2025; and others). On the other hand, 

at the classification level, there is an amor-

phous position regarding the itemization 

of the role of SOM in pedogenesis: in the ge-

netic classifications of soils, there is no ten-

dency to reflect the diversity of morphological 

forms of SOM. Even after in the 1930s 

V. R. Williams (cited by Williams, 2025) de-

clared the «dialectically justified» concept of

the biological evolution of soil, there was no

significant shift in the Soviet soil classification

(except that the «sod-podzolic soils» subtype

was added to the classification).

O. G. Chertov, N. V. Lukina
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Existing soil classifications 

In the existing soil classifications, the integ-

ral role of SOM in the soil genesis is reflected 

very poorly. For example, the World Reference 

Base for Soil Resources WRB (World ..., 2024; 

IUSS Working Group WRB, 2022), shows the fol-

lowing:  

1) Soils are named based on their dominant

feature (often simply by colour), with the man-

datory use of only stable parameters of mineral 

horizons, since «the properties of the upper 

horizon can change rapidly over time, therefore, 

in the WRB system they are used for diagnostics 

only in rare cases» (World ..., 2024). That is, the 

properties of the soil that reflect it as a dynami-

cally developing system are considered to inter-

fere with classification.  

2) The names of the «reference soil groups»

show a very distinct «abiological» classification 

in terms of reflecting the properties of SOM as a 

product of plant debris transformation by the 

entire soil biota. Thus, of the 32 names of the 

«reference soil groups» («divisions» in the Rus-

sian classification), only four are in correlation 

with SOM (Chernozems, Phaeozems, Umbrisols 

and organic soils). Mo-reover, in the 294 «quali-

fiers» (genetic traits in the form of clarifying ad-

jectives to the name of the soil), only 14 are in 

correlation with SOM. This would be correct if it 

were not about the soil, but about the clas-

2 The term «organogenesis» is more concise, but it has been 
already used in zoology and medicine, where it stands 
for the formation of organs in embryos. By the way, the 

sification of weathering forms of Quaternary 

sediments and rocks. 

In contrast to the European approach, the 

Russian soil classification (Classification ..., 

2004) has a more biological and ecological ap-

proach: in 52 diagnostic horizons, 24 (46%!) are 

based on the SOM characteristics (Field ..., 

2008). However, in general, these soil classifica-

tions do not tend to necessary taxonomic reflect 

in all taxa the two basic solid phases of the soil 

system, i. e. soil organic matter as a product of 

soil formation, and the mineral basis of the en-

tire soil. V. I. Vernadsky (1994) defined the soil 

as a «bio-inert body», i.e. two-component, con-

sisting of an active biological and an inert (in the 

soft meaning of the word) abiogenic part, which 

refers to the mineral matrix. However, until 

now, the «inert» component dominates in soil 

classifications. 

Despite the fact that the idea of reflecting the 

role of humus in classifications has been plain to 

see for more than a hundred years, SOM turned 

out to be «stepchild» of existing genetic classifi-

cations with a modest place in the general the-

ory of pedogenesis (Sokolov, 1997; Targul'yan, 

2019). 

Organopedogenesis 

In view of the above theoretical positions, it 

is proposed to introduce the concept of «orga-

nopedogenesis»2 as the critical system-forming 

process of soil formation and evolution. 

term «pedogenesis» meaning one of the types of partheno-
genesis, has been also used in zoology since the 19th cen-
tury. 

O. G. Chertov, N. V. Lukina
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Through SOM accumulation and transfor-

mation by autotrophic and heterotrophic or-

ganisms, it affects all functions and the overall 

genesis of the soil system – needless to say, 

taking into account and under the influence of 

all other classical factors of soil formation. 

This is true both in relation to the traditionally 

understood genesis with the evolution of the 

entire soil profile and when we are dealing 

with continuous processes: geochemical, hy-

drological, and, most of all, actual biological 

processes. They determine the feedback from 

the soil to the entire biota in the biosphere, 

taking into account biodiversity, productivity 

of natural and anthropogenic phyto-, zoo- and 

microbiocoenoses and the role of soil in the 

global carbon cycle. In other words, organope-

dogenesis is a multicomponent basic soil pro-

cess of organnic and humus–accumulative ho-

rizons formation and the entire organoprofile 

of the soil. However, until now, organopedo-

genesis is actually an absent facet in the doc-

trine of soil genesis, unheeded in soil genetic 

classifications. Semantically, the idea of or-

ganopedogenesis is already present in geneti-

cal pedology, for example, in the term organo-

«genic» soils. What are the prospects for the 

implementation and development of the con-

cept of organopedogenesis?  

Components of organopedogenesis 

Based on the above positions, it seems 

practical to distinguish two morphologically 

pronounced results of organopedogenesis: a) 

different types of SOM accumulation and 

transformation, b) different types of or-

ganoprofiles of the entire soil system. At the 

same time, one can see that there is a fairly 

well-developed scientific basis for the deve-

lopment of these aspects. Firstly, there is an 

approach in forest pedology that fits the con-

cept of organopedogenesis perfectly. It is the 

classification and diagnosis of «humus 

forms/types» based on morphologically pro-

nounced signs of SOM accumulation and 

transformation in organic and humus-accu-

mulative horizons, which appeared first in the 

West (Müller, 1887; Kubiena, 1953; Wilde, 

1958; Duchaufour, 1965) and then was con-

sistently developed in Germany (Broll et al., 

2006; Wachendorf et al., 2023), the USA and 

Canada (Wilde, 1958; Green et al., 1993; 

Klinka, 1997), has been recently studied in-

tensively in the European Union (Ponge, 

2003; Humusica ..., 2018; Kõlli, Köster, 2018; 

Zanella et al., 2018, 2022) and developed suc-

cessfully in Russia (Kruedener, 1916; Tyurin, 

Ponomaryova,   1940;   Blagovidov,   Burkov,  

O. G. Chertov, N. V. Lukina
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the Russian Federation (Blagovidov, Burkov, 

1959; Chertov, 1966, 1981; Chertov et al., 

1974, 1978). All these humus forms/types dif-

fer in morphological, physical and chemical 

parameters, first of all due to the quality of lit-

ter entering the soil: the aboveground and 

root litter of conifers with a low content of ni-

trogen and other nutrients as well as with high 

concentration of secondary metabolites (lig-

nin, phenols) contribute to the formation of 

slowly decomposing raw humus, whereas the 

higher quality litter of deciduous trees that 

has more high content of these nutrients and 

lower concentrations of secondary metabo-

lites (Lukina et al., 2008, 2019, 2021; Biodi-

versity ..., 2021) is quickly processed by the 

soil fauna and microorganisms forming the 

mull humus form. Therefore, humus forms are 

clearly related to the nature and intensity of 

humification, as well as to the composition, 

productivity and biodiversity of forest vegeta-

tion (Chertov, 1981; Fedorchuk et al., 2005; 

Chertov, Nadporozhskaya, 2018). In turn, the 

diverse composition of vegetation with differ-

ent quality of litter, that is, with different con-

tents of various compounds of nitrogen, phos-

phorus, calcium, trace elements as well as sec-

ondary metabolites, drives the formation of 

various humus forms. 

1959; Chertov, 1974, 1981, 2025; Chertov, 

Nadporozhskaya, 2017, 2018). Secondly, it is 

the concept of soil organoprofiles (Grishina, 

1986; Shoba, 1988; Min'kovskij, Shoba, 1994, 

1995; Bahmet, 2015). 

Types of SOM accumulation and trans-

formation (humus forms) 

The systematics and diagnostics of humus 

forms leans on three pillars: «raw hu-

mus» («Rohhumus, mor») with a developed 

litter, «soft humus» («mull») with a developed 

humus horizon with a shallow litter, and 

«moder», the transitional type which has both 

horizons. The term mor, back in the day was 

criticised in the USA by Wilde (1958) due to 

its negative meaning in the Russian language. 

This triad can also be seen in the classification 

of humus forms of organogenic soils accor-

ding to the moisture gradient up to three 

types of peat bogs, and it also has varieties in 

the soils of meadow and steppe ecosystems 

(Humusica ..., 2018). The Russian classification 

of humus forms includes a large number of 

transitional types (Fig. 1). As far back as in 1940, 

I. V. Tyurin and V. V. Ponomaryova (1940) 

added adjectives to the word «soil» to designate 

humus forms/types, which later became         

a widespread approach in the North-West  of

O. G. Chertov, N. V. Lukina
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Figure 1. Ordination of types of SOM accumulation (humus forms) in forest soils by classes 
of richness (from A, poor to D, rich) and classes of drainage and moisture (from 1, dry to 5, con-
stantly waterlogged) of the types of forest sites in the forest zone of European Russia (Chertov, 
Nadporozhskaya, 2018). Classes of edaphic conditions are gradations of soil richness (fertility) 
accepted in forestry; raw humus is a synonym of mor.  

This classification developed within the 

framework of forest pedology, but was never 

accepted in the Russian genetical pedology. 

Reasons for this may be the following:                  

a) the concept of humus forms developed du-

ring the period of intensive dissemination

of ideas of V. V. Dokuchaev on soil formation

and was pushed into the category of applied

forest pedology; b) there was a mistake in the

translation: the German term for the Humus

Form (for horizons O and Ah) was translated

as a form of forest litter (Germ. Humusdecke),

not humus forms. This led to the development

of litter typology in the Russian soil science

(Shumakov, 1958; Karpachevskij, 1981; Bo-

gatyryov et al., 2004), and substantial investi-

gation of forest litter has always been a part 

of the agenda in forest ecology and soil 

science. The morphological classification 

of humus forms has evolved for more than 

a century in parallel with the mainstream 

of genetical pedology. 

The theoretical basis for identifying the 

types of SOM accumulation and transfor-

mation as humus forms is the now-forgotten 

«edaphology» (Chertov et al., 2018), which 

triggered the formation of soil science: in his-

torical terms, it comes second after 

O. G. Chertov, N. V. Lukina
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In Western countries, classifications and field 

guides of humus forms are included in soil 

mapping manuals and forest management ins-

tructions (Malysheva et al., 2022), which was 

also done in Russia (Chertov, 2025). 

Soil organoprofiles 

The humus forms represent a classification 

of only the types of SOM accumulation and 

transformation in the area of the active biotic 

cycle, but not the entire soil profile (Chertov, 

Nadporozhskaya, 2018; Zanella et al., 2022). 

The soil organoprofile, as defined by the 

authors, is another concept referring to «the 

regular combination and distribution of SOM 

throughout the entire soil genetic profile with 

characteristics of its specific features» 

(Grishina, Orlov, 1978; Grishina, 1986). This 

concept was focused on a more comprehen-

sive diagnosis of soils from the standpoint 

of genetical pedology. From an ecological pe-

rspective, the concept of organoprofiles was 

used by O. N. Bahmet (2015), who trans-

formed it to expand the types of SOM accumu-

lation(humus forms). However, this is not 

completely in line the definition of L. A. Gri-

shina, as the same types of SOM accumulation 

(humus forms) can be formed in soils with dif-

ferent humus profiles. For example, the raw 

humus form can occur in soils with a monoto-

nous SOM decrease along the profile, in soils 

with humus-illuvial (alfehumus) and even 

with a shallow undifferentiated profile on a 

«agrogeology» and before the principles of ge-

netical pedology by V. V. Dokuchaev. In edaph-

ology, in the understanding of the Russian 

school, soil is considered as an underground 

habitat for auto- and heterotrophic orga-

nisms, primarily plant roots. Currently, this 

approach is closest to ecological pedology, fo-

restry and landscape science. Please note that 

all existing mathematical models of SOM dy-

namics are edaphological (Komarov et al., 

2017).  

In Russia, there is a proven track record in 

including humus forms in the genetic classifi-

cation of soils when mapping forest soils and 

in forest typological studies (Chertov et al., 

1978; Chertov, 1981; Dyrenkov, 1984; Fedor-

chuk et al., 2005). In total, humus forms were 

included in the soil systematics   on maps with 

a scale from 1:10,000 to 1:100,000 of seven 

forestry enterprises with an area of 350 thou-

sand hectares (Chertov, 1981).  

In the West, particular interest in the clas-

sification of humus forms was seen at the be-

ginning of the 21st century due to the system-

atisation of available data and it even led 

to the replacement of the traditional term 

«humus form» with humipedon with the call 

for the development of «biological soil 

science» (Humusica ..., 2018) since attempts to 

integrate them into the WRB genetic classi-

fication were unsuccessful, with the exception 

of France, where humus forms were inclu-

ded in the soil taxonomy (Duchaufour, 1979). 
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badrock. According to F. Duchaufour (1979), 

these are the so-called «soil analogues».  

The complete soil organoprofile reflects 

the release of SOM from the area of its accu-

mulation and biotic circulation (humus 

forms) into the zone of biogeochemical cycles 

with transit, removal, eluviation and with 

synchronous transformation of the mineral 

matrix (Perelman, 1975; Fokin, 1975; 

Glazovskaya, 1988) caused by the influence 

of the biological factor. That is, according to 

L. A. Grishina (1986), the organoprofile is 

primarily a genetic, not an edaphological-

ecological, concept. In the theory of soil 

morphogenesis by S. A. Shoba (1988), the 

typology of soil profiles has not been 

developed: the author mainly systematises 

the micromorphological features of the 

transformation processes of the mineral 

matrix.  

Below is the authors' draft of the systema-

tics of morphofunctional types of organopro-

files. The authors believe that each or-

ganoprofile corresponds to a group of soil 

types. Therefore, there are no links to 

publications below for most organoprofiles, 

with the exception of some specific types. 

Classes of organopedogenesis 

A. Surface-accumulative organopedogene-

sis (the increase in SOM upward from the sur-

face of the mineral matrix: forest litter and 

turf-peat (horizons O and T); further genesis 

towards the formation of organogenic rocks: 

brown coal — hard coal (Shumakov, 1958); 

the extreme case is the hyper–accumulation of 

thick raw humus in high-altitude moist moun-

tain forest in the tropics and the equatorial 

zone (Fridland, 1964; Chertov, 1990) and also 

«dry peat» on Russian North (Classification ..., 

2004).  

B. Profile-accumulative organopedogene-

sis: SOM accumulation in humus-accumula-

tive mineral horizons OA, Ah, AE and migra-

tion lower in profile in all varieties of horizons 

E, B, BC and C. 

Types of organoprofiles in class B: 

 undifferentiated;

 accumulative (monotonous, horizons

A, B, C); 

 hyper-accumulative – chernozem;

 agro-accumulative (all profiles with

cultivated Ap, as well as Russian and German 

«Plaggens» with Ap thickness up to 1 m 

(Grigor'ev, 1980; Kalinina et al., 2009); 

 eluvial and illuvial-eluvial (AE, E, EB,

B); 

 alfehumus (A, E, Bfh, B);

 hyper-eluvial: Ah with intensive migra-

tion of SOM in tropical rainforest (Fridland, 

1964; Chertov, 1985); 

 complex with a second humus horizon

(Prokashev, 1999; et al.) or with buried pro-

files; 

 alluvial;

O. G. Chertov, N. V. Lukina
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 volcanic;

 permafrost;

 gleyed (Ag, G);

 subaqueous (shoals, floodplain silty

marshes); 

 agro-subaqueous (rice bays, etc.);

 primary emerging micro-organopro-

file (Abakumov, 2011; Tomashunas, Aba-

kumov, 2014; Lessovaia et al., 2008); 

 naturally disturbed mixed where SOM

is present: Aeolian, landslide, buried, pit-and-

mound, etc. — with subtypes (Karpachevskij 

et al., 1984; Vasenev, Targul'yan, 1995; 

Bobrovskij, 2010); 

 technogenic on various substrates

where SOM is present (Uzhegova, Mahonina, 

1984; Alekseev, 1990; Androhanov et al., 

2000; Mahonina, 2004; Reintam et al., 2002).  

If necessary, the thickness of the or-

ganoprofile should be specified: shallow up to 

30 cm, thick over 100 cm (the medium-thick 

category is not designated). The above draft 

reflects the authors' ideas and can serve only 

as a starting point in creating a detailed sys-

tematics of soil organoprofiles, taking into ac-

count the existing concepts and classifica-

tions.  

The creation of the classification category 

«organoprofile» will be justified in soil taxon-

omy and its further development will obvi-

ously be useful in theoretical work on soil 

evolution. However, despite the long-term ex-

istence of this concept (Grishina, Orlov, 1978), 

it has not been widely used in soil genetic re-

search, this concept is often being reduced to 

humus forms (Min'kovskij, Shoba, 1994, 

1995; Tomashunas, Abakumov, 2014; 

Bahmet, 2015). 

The stated positions on organopedogenesis 

can be presented in the form of a graphical 

model of the processes of pedogenesis (Fig. 2), 

which shows the place of organopedogenesis 

in the structural organisation of the soil sys-

tem according to the authors’ ideas.  

Thus, pedogenesis as a whole encompasses 

all processes of soil formation, and its hie-  

rarchical differentiation into organopedo-

genesis and geopedogenesis (process affect-

ting only the mineral matrix: the term propo-

sed by the authors) instead of a single soil   

morphogenesis (Shoba, 1988) seems logical. 

At the basic hierarchical level, it is logical           

to identify the categories «Types of or-

ganoprofile» and «Types of mineral profile», 

and below that, «Formation of types of SOM 

accumulation and transformation», also tak-

ing into account the complex processes 

of SOM migration and the formation of or-

ganomineral complexes of different genesis in 

the soil profile, with release into the biogeo-

chemical cycle at the landscape, regional and 

global levels. 
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Figure 2. The general structure of pedogenesis at the level of soil formation processes with 
a reflection of the place of organopedogenesis. The «processes of SOM accumulation and 
transformation» refer to the humus forms and types of litter; *Mineral associated organic 
matter including SOM, associated with R2O3  and Ca2+.

Figure 3. Taxonomic subordination of the components of organopedogenesis («Russian 
matryoshka doll»); *SOM – soil organic matter 
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From the point of view of pedogenesis or-

ganisation, another form of presentation, the 

«Russian matryoshka doll» (Fig. 3) will be use-

ful, allowing us to understand the subordina-

tion of the structural components of general 

pedogenesis, taking into account the role           

of SOM formation. In this interpretation, the 

types of litter and other organogenic horizons 

of automorphic positions logically fit into the 

general structure of organopedogenesis.  

Rates of organopedogenesis 

Figure 3 can also be used to demonstrate 

the rate of formation of organopedogenesis 

components. The type of SOM accumula-

tion/transformation (humus forms) is a dy-

namic structure that includes the most rapidly 

forming subhorizons of the plant litter, the OL 

litter subhorizon and the OF fermentation 

subhorizon with formation rates from 1             

to 100 years, and the OH humified subhorizon 

of the litter plus the Ah horizon with morpho-

genesis times from 10 to 300 years. These 

edaphic components responsible for the biotic 

cycle of C, N, P and other nutrients. They have 

been studied in detail separately (Min'kovskij, 

Shoba, 1994; Bogatyryov et al., 2004; Lukina, 

Nikonov, 1996, 1998; Lukina et al., 2019; So-

lodovnikov, 2025). It is the topsoil that in the 

first place determines the effective realised 

soil fertility in natural, especially forest, eco-

systems (Chertov, 1981, 1985; Lukina et al., 

2019). At the same time, it should be empha-

sised that in the soils of boreal forests prevail-

ing in Russia, the forest litter is usually quite 

thick (more than 10 cm unless there have 

been recent fires) and represented by all sub-

horizons. The reason for this is the low litter 

processing rate due to the low quality of the 

litter (a high C/N ratio) and the low level of bi-

odiversity, small number and biomass of soil 

saprophagous organisms. The Ah horizon in 

these soils is by no means always pronounced, 

especially on rocky sandy moraines. In conif-

erous-deciduous and broad-leaved forests, on 

the contrary, the thickness of the litter is low 

(1–2 cm), the subhorizons of the litter are very 

indistinct due to active mixing and processing 

by soil saprophagous organizms. A high-qual-

ity litter subhorizon with a low C/N ratio can 

be seen in autumn if it is not completely pro-

cessed immediately; at the same time, the Ah 

horizon is expressed and the transition layer 

between OH and Ah is also identified.  

Thus, the quality of the litter fall plays 

an essential role in the formation of the types 

of SOM accumulation and transformation (hu-

mus forms). L. G. Bogatyryov and T. V. Fomina 

(1991) conditionally accepted the litter sub-

horizon (O1) as the «parent rock» when they 

calculating the eluvial-accumulative coeffi-

cients according to A. A. Rode (1984). In our 

opinion, the litter can indeed be considered as 

a second parent rock, since the quality of the  
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litter, as well as the composition of the soil-

forming rock, plays a major role in soil for-

mation. 

Unlike humus forms, organoprofile is al-

ready a soil-genetic category with formation 

times from 100 years to millennia, playing a 

major role in the development of a complete 

soil profile with the transformation and disso-

lution of minerals due to the energy of SOM 

mineralized by biota and with the release of 

organic and mineral substances from biotic 

cycles into biogeochemical cycles. At the same 

time, several humus forms can be formed in 

the same organoprofile. In fact, the humus 

form is embedded in the organic profile, as the 

uppermost accumulative part, the starter and 

driver of the processes of SOM formation. 

However, combining the humus form with the 

organoprofile into one category would be con-

ceptually incorrect due to the differences in 

their role and formation rates. On the other 

hand, it is quite possible that the types of or-

ganoprofiles will serve as the basis for the cre-

ation of general types of soil morphogenesis in 

the context of the ideas of S. A. Shoba (1988). 

In geopedogenesis, the periods of formation of 

the complete mineral profile (Targulyan, 

2019) are several times longer than the peri-

ods of formation of the organoprofile in or-

ganopedogenesis. 

The rate of restoration of  the  humus  form 

and organoprofile in case of their physical dis-

turbance (for example, during windstorms) is 

quite high under the canopy of vegetation, de-

pending on the quality and mass of the litter 

input and the preservation of fragments of 

topsoil (Karpachevskij et al., 1984; Razumov-

skij, 1999; Vasenev, 2008). However, it will be 

slow in case of the initial absence of vegeta-

tion on the exposed parent rock (horizon C), 

as during the primary ecogenetic succession 

(Razumovskij, 1999; Abakumov, 2001). In a 

case of technogenic disturbance, the restora-

tion of the humus form and organoprofile de-

pends on the intensity and mode of disturb-

ance (pollution, recreation), as well as on the 

properties of the technogenic substrate (Ale-

kseev, 1990; Androhanov et al., 2000). The 

rates of formation and restoration of the hu-

mus forms and organoprofiles discussed 

above demonstrate the influence of «time», 

the classical soil formation factor, on the pro-

cesses of organopedogenesis. Moreover, these 

parameters also allow us to estimate the ma-

ximum reaction time of organopedogenesis 

components to changes in natural conditions, 

most of all to modern climate change. Cur-

rently, more accurate estimates of these pro-

cesses in the absence of experimental data 

and time series are possible using the existing 

soil and ecosystem models (e.g., Komarov et 

al., 2017; Shanin et al., 2022;).  
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Inclusion of organopedogenesis compo-

nents in soil classification 

As noted above, as far back as in the first 

half of the 20th century, I. V. Tyurin and V. V. 

Ponomaryova (1940) denoted the humus 

forms by adding an adjective to the word 

«soil» (for example, mull soil, raw humus soil). 

N. L. Blagovidov and G. L. Burkov (1959) rec-

ommended and used this approach in the clas-

sification of forest soils (for example, moder

humus podzolic light loamy...). Since then, this

pattern of soil naming by the humus forms has

been used in soil and forest typological work

in Northwestern European Russia (Chertov,

1966, 1981; Chertov, Dyrenkov, 1973; Cher-

tov et al., 1978; Dyrenkov, 1984; Fedorchuk et

al., 2005; Chertov, Nadporozhskaya, 2018),

and the forms/types of humus have been de-

scribed in detail even with a dichotomous

field guide (Chertov, 1974).

All the stated positions determine the need 

for a classification reflecting the role of or-

ganopedogenesis in soil formation. There is 

also some positive experience here (Chertov, 

1974, 1981) and, moreover, a methodological 

approach has been proposed to expand the 

Russian soil classification to include the hu-

mus forms as types of SOM accumulation and 

transformation (Chertov, 2025). 

According to this approach, when the com-

ponents of organopedogenesis are included in 

the current Russian soil classification (Classi-

fication ..., 2004; Field ..., 2008), the types of 

organoprofiles can take the place of a vaguely

defined soil subtype, and the types of SOM ac-

cumulation and transformation can be integ-

rated on lower layer, since the humus forms 

represent the most dynamic morphological 

structure of the soil. For this taxonomic unit, it 

is proposed to use the level of «genus» already 

existing in the Russian classification in ac-

cordance with the suggestion of M. I. Gerasi-

mova (Gerasimova, 2018; Hitrov, Gerasimova, 

2022), which was introduced to reflect both 

the role of soil-forming rocks and pollution, as 

well as for temporary and mechanistic pro-

cess categories. Integration of the types 

of SOM accumulation and transformation (hu-

mus forms) should be obligatory introduced 

for all soil taxa below the type level (for which 

humus forms already exist). Such a taxonomic 

architecture does not violate the general com-

position of the genetic soil classification and 

in no way seeks to replace it, therefore does 

not require any structural changes in the exis-

ting classification (not instead of the genetic 

one, but together with the genetic one).  

The result will be a combination of an 

edaphological SOM classification with a ge-

netic one for the entire soil, taking into ac-

count that the humus of the lower part of the 

soil profile is more stable and reflects both the 

history of the soil and modern soil processes. 

In this case, the soil map is transformed from 

a strict classical portrait into a vibrant dy-

namic picture that will require periodic 
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updating (in the range of 10–100 years                

in forest ecosystems) to track organopedo-

genesis patterns under the influence of chang-

ing natural and anthropogenic factors.  

The implementation of the proposals            

on combining the typological structures of or-

ganopedogenesis with genetic taxa will re-

quire a substantial analysis of the existing 

taxonomy for an understandable and accepta-

ble integration of these components, as well as 

a thorough study of the taxonomy of or-

ganoprofile types in the development of the 

draft proposed above. The algorithm of com-

bining is simple; however, there may be some 

difficulties here. For example, a situation            

of uncertainty may arise when it is unclear 

which type of organoprofile or humus form 

is represented in the soil under study (for ex-

ample, in takyr or solonchak). In this case, one 

should simply omit the indication of the or-

ganoprofile and the humus form, as the most 

logical and simple solution, while it is im-

portant to keep the SOM description for anal-

ysis and conclusion as to whether this is a new 

organoprofile or a humus form, or it is a va-

riant of the already existing taxa. It should also 

be borne in mind that in the Russian genetic 

classification, the genetic names of soils and 

humus forms coincide on hydromorphic or-

ganogenic soils, and, of course, priority should 

be given to genetic determination. 

The proposed concept of organopedogene-

sis and the procedure for its inclusion in the 

soil taxonomy may raise various objections. 

However, this does not change the postulate 

of the need for a mandatory and sufficiently 

detailed reflection of SOM morphology in the 

soil classification, which is important both 

from the general theoretical biospheric and 

from the «applied» edaphic positions. So far, 

no progress has been observed in this area 

and it has not even been discussed (Lebedeva 

et al., 2000; Tonkonogov et al., 2005). 

Nevertheless, in forest pedology and fo-    

restry, humus forms have long been included 

in methodological guidelines for mapping 

forest soils, but, unfortunately, they are not 

yet used in Russia, although they are used in a 

large number of other countries (Malysheva et 

al., 2022). More recently, humus forms have 

also been introduced into the methodological 

materials of the most important innovative 

project of national importance «Unified Na-

tional System for Monitoring Climatically Ac-

tive Substances» and the National Forest In-

ventory of Russia. 

CONCLUSION 

Firstly, our proposed concept of organope-

dogenesis can expand the theoretical founda-

tion of modern soil science with an emphasis 

on the crucial role of the biological factor 

in the functioning of the pedosphere, inclu-

ding in the context of modern climate change. 

This includes not only the influence of vegeta-

tion, but also, to a large extent, of the entire 
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soil biota. Secondly, it is hoped that it will be 

able to combine the genetic and edaphic 

branches of the soil science to create an idea 

of an integrated rapidly evolving soil system, 

both from a theoretical biospheric perspective 

and, especially, from the point of view of its 

practical use in solving problems of optimis-

ing environmental management in the context 

of drastic environmental changes and increa-

sing anthropogenic pressure on the biosphere 

of the planet.  

The authors express their gratitude to the 

distinguished reviewers for their valuable 

comments on the content of this work, which 

significantly improved the presentation of the 

stated positions. 
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