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Existing estimates of carbon stocks in taiga and coniferous-broadleaf forests show that almost half of 
the total organic carbon in these ecosystems is accumulated in forest soils. Vegetation as the main source of 
organic matter in the soil interacts with soil biota, which processes plant litter, and, with abiotic environ-
mental factors, determines the processes of formation and accumulation of soil organic matter. Changes 
in the composition of vegetation are the driver of the dynamics of soil carbon stocks; however, insufficient 
attention has been paid to the analysis of this issue. This review analyzes the main ways of transferring 
carbon from the vegetation pool to the soil pool and the influence of three main predictors of vegetation 
that affect the carbon stock in soils: the amount and quality of litter of individual plant species (species 
identity) and the structural diversity of the plant community; it identifies gaps in knowledge and proposes 
some ways of developing this field of research.
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Climate change is one of the current 
global challenges. Forests play a huge 
role in climate regulation due to their 
ability to absorb greenhouse gases and 
store carbon in both biomass and soils. 
The proportion of soil carbon in the total 
carbon stocks of forests is 40% or more 
(Framstad et al., 2013). Over the past 10 
years alone, several meta-analyses have 

been conducted on a regional and global 
scale to identify the main factors of car-
bon accumulation in the soil.

When assessing soil carbon stocks 
on a regional scale, the leading role of 
climate is highlighted (Wiesmeier et al., 
2019). Local abiotic factors that have an 
impact on the level of carbon accumula-
tion in soils include granulometric and 
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chemical composition of soil-forming 
rocks, as well as topographic features of 
an area. Special focus is on the study of 
anthropogenic factors, that is, the influ-
ence of forestry regimes in the past and 
present, the influence of forest fires, and 
the history of forest development (Fram-
stad et al., 2013; Mayer et al., 2020). 

Vegetation, fauna and microbiota are 
the main biotic factors of soil carbon ac-
cumulation. The influence of biota on 
soil carbon stocks can be considered at 
different spatial levels, taking into ac-
count natural borders (forest catchments 
of different orders, forest type, etc.) and 
administrative (national, regional and lo-
cal) boundaries. 

At high spatial (e. g., regional) levels, 
the relation between soil carbon stocks 
and climatic conditions was revealed: 
there are positive correlations with aver-
age annual temperature, average annual 
precipitation and, accordingly, net prima-
ry productivity (Amundson, 2001). Com-
paring different climatic zones showed 
a decrease in carbon stocks of the litter 
pool and an increase in carbon stocks in 
the mineral layers of the soil from north 
to south (Wiesmeier et al., 2019).

At all spatial levels, the correlation 
with vegetation was found. Special em-
phasis was put on the influence vegeta-
tion has on organic matter decomposi-
tion in forest ecosystems (Prescott, 2010, 

Krishna, Mohan, 2017; Berg, McClaugh-
erty, 2020, Ivanova, 2021). Some studies 
analyze stabilization processes of soil or-
ganic matter of microbial and plant origin 
(Angst et al., 2021) and dissolved organic 
carbon in forest soils (Karavanova, 2013). 

Vegetation composition determines 
the quantity and quality of incoming 
plant litterfall, its transformation and 
transition to soil pools with the active 
participation of decomposers, as well 
as migration processes of carbon com-
pounds within the soil profile (Gleixner, 
2013; Krishna, Mohan, 2017). For boreal 
and subboreal forests, differences in car-
bon stocks in forests of different types 
were shown (Jandl et al., 2007; Oostra 
et al., 2006; Schulp et al., 2008; Akku-
muljacija..., 2018; Kuznetsova et al., 2019, 
2020), including the contribution of not 
only the tree layer, but also the ground 
cover (Lukina et al., 2020; Kuznetsova et 
al., 2021). The question of the combined 
effect of different plant species on carbon 
stocks remains open. 

A better understanding and assess-
ment of the combined influence of vari-
ous factors on carbon accumulation in 
forest soils is crucial for tackling tasks 
like development of measures for cli-
mate change mitigation and forecasting 
possible changes in ecosystem functions 
and services. Such estimates are few, al-
though they are of vital scientific and ap-
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plied importance, especially more recent-
ly, due to the necessity to achieve carbon 
neutrality.

The purpose of this review is to sum-
marize existing knowledge about the in-
fluence of vegetation-related factors on 
the dynamics of soil carbon pools.

1. MAJOR MECHANISMS 
OF ACCUMULATION OF SOIL 
ORGANIC MATTER

1.1. Major mechanisms of carbon 
transfer from the vegetation 
pool to the soil pool

Soil carbon stocks result from or-
ganic matter entering the soil and carbon 
compounds being lost due to decomposi-
tion, washing out and leaching (Fig. 1). 

The source of organic matter is the plant 
material of both aboveground and under-
ground organs. Other sources of carbon 
compounds are root secretions, includ-
ing exudates of plant roots and associat-
ed symbionts (for example, mycorrhizal 
fungal mycelium), as well as fecal mate-
rial and bodies of soil biota. Once in or on 
the soil, organic matter is gradually trans-
formed by soil fauna and microorganisms 
(fungi, bacteria and archaea). Extracellu-
lar enzymes secreted by the microorgan-
isms break down the organic matter into 
simpler compounds that can be assimi-
lated. Part of the plant organic matter is 
mineralized, and the other part is accumu-
lated in the biomass of consumers and de-
composers or in their metabolites, which 
can partly be excreted from the cells and 

Figure 1. Carbon fluxes in a forest ecosystem acc. to Mayer et al. (2020), modified 
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stabilized. The rest of some stable plant 
biomolecules, including lipids, lignins and 
sugars, can also be stabilized by minerals 
and aggregates.

Since vegetation is the main source 
of organic matter, it is important to dis-
cuss the principal mechanisms of carbon 
transition from the vegetation pool to the 
soil pool. Three main mechanisms were 
identified.

1. Processing of aboveground and 
underground litterfall by soil fauna and 
microbiota. Soil fauna mechanically de-
stroys and mixes the litterfall with the 
soil organic horizon and the mineral part 
of the soil; therefore, it can contribute 
to the spatial redistribution and primary 
destruction of plant material (Brussaard, 
1997; Frouz et al., 2013). As decomposers, 
especially microbiota, further process 
the soil organic matter (SOM), the soil 
organic horizon undergoes chemical and 
structural changes (Frouz, 2018). For ex-
ample, earthworm activity can both en-
hance the transformation of soil organic 
horizon into more stable organomineral 
aggregates and contribute to the acceler-
ated SOM degradation (Wolters, 2000; 
Fox et al., 2006), which can be taken 
into account when identifying functional 
types of macrofauna (Geraskina, 2020).

The transformation of litterfall by soil 
biota differs significantly under differ-
ent climatic conditions, since tempera-
ture and water regimes are the limiting 
factors for many decomposers. In boreal 

forests of the Northern Hemisphere with 
low temperatures and humid water re-
gime, fungal decomposition usually pre-
vails, which contributes to litter accu-
mulation and formation of raw forms of 
humus such as mor and moder. In south-
ern regions, biological cycle increases in 
intensity, and, together with fungal de-
composition, the proportion of bacterial 
decomposition and contribution of soil 
animals increases, thus contributing to 
a more intensive litter decomposition and 
humification of the soil organic horizon 
and upper mineral horizons.

2. Vertical stratification of tree roots 
(Brassard et al., 2011), root litter (Bras-
sard et al., 2013) and root turnover (Bras-
sard et al., 2011; Lei et al., 2012), as well 
as root exudates (Bardgett, 2005), con-
tribute to the successful association of 
organic matter with soil aggregates or 
clay minerals. Some researchers suggest 
that most of the SOM originates from 
roots, and the deeper they are, the more 
significant this source becomes (Rasse 
et al., 2005), since different types of 
root systems make vertical stratification 
of tree roots and redistribution of the 
rhizosphere into deep mineral horizons 
possible. Root litter usually decomposes 
slower than foliar litter of the same spe-
cies (Lauenroth, Gill, 2003; Cusack et 
al., 2009); therefore, more stable carbon 
compounds of roots stay in the soil longer 
than carbon compounds of aboveground 
shoots (Rasse et al., 2005). The key 
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mechanisms that lead to root carbon sta-
bilization in the soil include: (1) chemical 
resistance of roots, partly due to the pres-
ence of a persistent compound suberin; 
(2) physical protection in aggregates; and 
(3) physico-chemical protection of lignin 
and reactive carbon compounds in the soil 
(root exudates) associated with clay min-
erals. However, the opposite effect is also 
possible: labile C isolated from the roots 
may stimulate the decomposition of the 
already stable SOM (Kuzyakov, Domanski, 
2000; Dijkstra, Cheng, 2007). 

When comparing different biomes, 
global patterns in the rate of root sys-
tem renewal between plant groups and 
depending on climatic gradients were es-
tablished. Since the rate of root renewal 
increases exponentially along with an in-
crease in the average annual temperature 
(Gill, Jackson, 2000), a more significant 
contribution of root litter to carbon sta-
bilization can be expected in southern re-
gions.

3. Leaching of dissolved organic car-
bon (DOC) from living plants and forest 
soil organic horizon is yet another way 
for carbon compounds to go into deeper 
soil horizons (Fröberg et al., 2011). DOC 
leaching fluxes are usually higher direct-
ly under the forest soil organic horizon 
and are often associated with microbial 
activity and biomass (Smolander, Ki-
tunen, 2002). Also, high DOC fluxes into 
the mineral part of the soil are found in 
forests with high carbon content in the 

soil organic horizon, for example, those 
formed by common spruce. Using the ex-
ample of spruce forests in the Europe-
an part of Russia, it was shown that, at 
a soil solution carbon concentration of 
35 mg/L and above, water-soluble organ-
ics (WSOs) begin to be sorbed in the BF 
horizon (Karavanova et al., 2020). In dis-
solved organic substances moving down 
the soil profile, lignin derivatives (phe-
nols) are mainly preserved on the surface 
of oxides and hydroxides in shallow soil 
layers (Kaiser et al., 2004; Kaiser, Zech, 
2000). DOC moving from upper to deeper 
soil horizons can result in stabilization 
and, consequently, a significant increase 
in soil carbon deposition (Kalbitz, Kaiser, 
2008). This can be pronounced against 
the background of excessive moisture, 
when an increase in the flux of plant-de-
rived DOC and its consolidation are pos-
sible (Mikutta et al., 2019). However, an 
inverse effect is also possible: estimates 
of DOC removal from temperate pine for-
ests in Belgium (about 10 g/m2 per year) 
have shown that DOC can account for 11% 
of ecosystem net productivity (Gielen et. 
al., 2011). 

Carbon fluxes in forests can differ 
significantly in the north and in the south, 
since it is known that climatic conditions 
can have a significant impact on both the 
amount of DOC and intensity of its remov-
al (Gmach et al., 2020). On the one hand, 
the biological cycle intensity is higher in 
southern regions than in northern ones, 
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which contributes to active decomposi-
tion of the soil organic horizon and DOC 
being released. On the other hand, dur-
ing prolonged dry seasons, decomposi-
tion rate of the soil organic horizon may 
decrease, and secondary metabolites may 
accumulate (Kalbitz et al., 2000).

Therefore, three main ways of trans-
ferring carbon from the vegetation pool 
to the soil pool were identified. At the 
same time, there are no estimates of the 
contribution of each of these mechanisms 
or their combined impact. It was found 
that, in the northern and southern re-
gions (of the Northern Hemisphere), the 
intensity of these processes manifests 
in different ways. It is expected that in 
northern ecosystems the contribution of 
DOC to organic matter accumulation will 
be high, since these areas have a high lev-
el of precipitation and highly developed 
soil organic horizon. The predominance 
of fungal decomposition will also contrib-
ute to the accumulation of the soil organic 
horizon. At the same time, the influence 
of root litter can be very significant, es-
pecially if we take into account the influ-
ence of not only woody plants, but also 
that of shrubs widespread in taiga forests 
and other ground cover vegetation. In 
the southern coniferous-broadleaf for-
ests, DOC fluxes are much smaller than in 
taiga, because there is less precipitation. 
However, an increase in biomass and ac-
tivity of soil fauna increases its contribu-
tion to litter processing and subsequent 

stabilization of SOM in the mineral part 
of the profile. An increase in overall pro-
ductivity of roots, along with influence of 
saprophages, is probably the key mecha-
nism for a more intensive formation of 
stable carbon in the mineral horizons of 
soils found in coniferous-broadleaf for-
ests. However, all these assumptions are 
hypothetical and require further research.

1.2 Main mechanisms of carbon 
fixation in the SOM

Carbon sequestration in soils is hard-
ly a new aspect in the studies of biogeo-
chemical carbon cycle within the frame-
work of the global climate change and 
terrestrial ecosystems: as early as in the 
1990s some studies provided evidence of 
the importance of soils as a carbon sink 
under conditions of elevated CO2 concen-
tration in the atmosphere. 

Carbon sequestration capacity of the 
soil (Carbon Protection Capacity, CPC) 
reflects its ability to stabilize and retain 
the carbon that came with organic mat-
ter as part of soil organic matter (SOM) 
(Semenov et al., 2009; Kogut, Semenov, 
2020). 

It is now agreed that there are two 
main mechanisms of organic matter sta-
bilization in soils: due to the formation of 
organomineral complexes (Semenov, Ko-
gut, 2015) and due to the formation of soil 
aggregates (Six et al., 2002, 2004; von 
Lützow et al., 2006; Gunina et al., 2015). 
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Organomineral complexes are formed 
as a result of physicochemical interaction 
between molecules of soil organic matter 
(OM) and mineral components, increasing 
the protection of this SOM (soil organic 
matter) from decomposition (von Lützow 
et al., 2006). For example, these include 
the formation of high-molecular humic 
substances; binding of hydrophilic com-
ponents of fresh organic matter by hydro-
phobic centers of humic substances, and 
binding of amino acids by polyphenols; 
formation of organomineral complexes of 
aluminum and iron, calcium; and forma-
tion of organomineral complexes in min-
eral matrices of clay particles. These pro-
cesses mainly involve fine clay and min-
eral particles, with the high contribution 
of surfaces of chemically reactive oxides 
and phyllosilicates (Blume et al., 2015). 

Soil aggregates are homogeneous 
mixtures of minerals, organic compounds 
and organomineral complexes. For exam-
ple, microaggregates can prevent micro-
organisms from getting access to SOM 
inside the aggregates, increasing its sta-
bility (Six et al., 2004). Accumulation of 
dissolved organic carbon in pores that 
are smaller than bacteria is also possible 
(Totsche et al., 2018).

There is also the third, currently 
widely discussed mechanism for OM sta-
bilization, i. e. biochemical protection 
due to certain chemical properties of bio-
molecules. It was established that in for-
est ecosystems the major part (≥50%) of 

stabilized carbon is plant biomolecules, 
including lipids, lignin and sugars, which 
can make up a significant part of organic 
matter protected by minerals and aggre-
gates (Angst et al., 2021). 

Biochemical resistance is believed to 
potentially be most relevant at the initial 
stages of decomposition and possibly play 
only a minor role in the long-term protec-
tion of SOM in mineral soil (Marschner et 
al., 2008). Some biomolecules can, how-
ever, be “selectively preserved” depend-
ing on the thermodynamic conditions of 
the environment and their ability to be 
stabilized due to physicochemical inter-
actions in the soil matrix: for example, 
this is true of lignin (Feng et al., 2005), 
some sugars (Amelung et al., 1999; Kiem, 
Kögel-Knabner, 2003) and lipids (Angst 
et al., 2017 b; Ludwig et al., 2015).

The intake and subsequent stabili-
zation of aromatic and aliphatic acids, 
such as lignin monomers and its oxida-
tion products, depend on the dominant 
vegetation. Guaiacyl (vanillin) phenols 
dominate in coniferous forests (Kovalev, 
Kovaleva 2016); they persist longer dur-
ing the initial decomposition processes 
and have a higher probability of binding 
to mineral surfaces (Clemente, Simpson, 
2013). Broadleaf and small-leaved for-
ests contain equal proportions of van-
illins and syringils (Kovalev, Kovaleva 
2016). The main source of aromatic phe-
nolic compounds in soils is lignin from 
aboveground and underground biomass 
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of higher plants. Underground parts of 
plants play the main role (Kovalev, Kova-
leva, 2016). The number of studies on the 
extraction of lignin from intact aggregate 
structures is small. Few studies indicate 
higher lignin content and a low degree of 
lignin oxidation in macroaggregates as 
compared to microaggregates (Xiao et al., 
2007; Thevenot et al., 2010). The partici-
pation of lignin phenols in aggregation 
and concretion formation was established 
depending on the redox situation of soils 
(Kovalev, Kovaleva, 2016).

Neutral sugars of plant origin (main-
ly derived from hemicelluloses) are pre-
ferred microbial substrates compared to 
other forms of SOM (Gunina, Kuzyakov, 
2015), such as lignin, and may contribute 
to the accumulation of microbial necro-
mass. Interestingly, the concentration of 
mostly neutral sugars of plant origin (for 
example, xylose and arabinose) in orga-
nomineral complexes (52–128 mg/g C) 
may be several times higher than the con-
centration of lignin (Kiem, Kögel-Knabner, 
2003; Córdova et al., 2018). Neutral sug-
ars of plant origin can make a significant 
contribution (up to 130 mg/g C) (Córdova 
et al., 2018) to the stabilization of SOM. 

Some lipids of plant origin are con-
sidered relatively resistant to degrada-
tion, including long-chain n-alkanoic ac-
ids, certain monomers of cutin and suber-
in with groups of hydroxylic and/or car-
boxylic acids (Quenea et al., 2004; Jandl 

et al., 2005; Angst et al., 2017 a; Anohina, 
2020). Stabilization of plant-derived li-
pids through organomineral interactions 
may depend on the monomeric composi-
tion of lipid biopolymers and chemical 
properties of these monomers, as well as 
the composition of microbial population, 
sorption properties and mineral composi-
tion of soils (Bull, 2000). The contribution 
of plant-derived lipids to stable C ranges 
from ~2% to ~10% (i. e. ~ 20–100 mg of 
lipids per g of C (Angst et al., 2021). Stud-
ies on the extraction of these compounds 
from aggregates are few and suggest the 
presence of alkanes in the soil as part of 
capsules of the independent phase of li-
pids (Anohina, 2020). Differences in the 
quantitative and qualitative composition 
of the lipid organic profile were revealed 
for different types of forests.

Thus, vegetation as the main source 
of organic matter entering the soil deter-
mines the possibility and speed of forma-
tion and stabilization of soil organic mat-
ter. The significant direct contribution of 
vegetation to the accumulation of SOM 
is emphasized. While the mechanism of 
carbon stabilization due to the formation 
of organomineral complexes has been suf-
ficiently studied and has quantitative es-
timates, the mechanisms associated with 
the study of the physical protection of 
organic matter in soil aggregates and the 
biochemical stability of plant compounds 
require attention.
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2. MECHANISMS RELATED TO 
THE INFLUENCE OF VEGETATION 
ON SOIL CARBON STOCKS AT 
THE ECOSYSTEM LEVEL

Taking into account the features of 
the biogeochemical carbon cycle in forest 
ecosystems (Fig. 1) and the main mecha-
nisms for the intake and stabilization of 
organic matter in soils, three main mech-
anisms of vegetation influence on the dy-
namics of soil carbon pools at the ecosys-
tem level can be distinguished: (1) litter-
fall quantity and (2) quality of both indi-
vidual species (species identity) and their 
combined influence, i. e. (3) biodiversity 
of the community.

The amount of litterfall is an impor-
tant predictor of carbon accumulation 
(Grandy, Neff, 2008; Gentile et al., 2011; 
Carrington et al., 2012; Dungait et al., 
2012), since vegetation is the main sup-
plier of organic matter to the soil. The 
amount of litterfall produced is propor-
tional to the net primary productivity of 
forests in natural forests, since the litter-
fall is part of the NPP (Chen et al., 2017). 

Litter quality also depends on the 
composition of vegetation and the con-
tent of nutrients (nitrogen, phospho-
rus, potassium, etc.) and secondary me-
tabolites (polyphenols, lignins, cellulose, 
hemicellulose, etc.) (Berg et al., 1993; Ca-
disch, Giller 1997; Perez-Harguindeguy 
et al., 2000, Berg, McClaugherty, 2020). 
The concept of correlation between ac-

cumulation of soil carbon and the quality 
of litter has been proposed, where high-
quality litter does not always contribute 
more effectively to an increase in stable 
soil organic matter as compared to low-
quality litter (Castellano et al., 2015).

One of the aspects of biodiversity is 
structural biodiversity characterizing the 
spatial organization of vegetation (verti-
cal and horizontal structure), which de-
termines the spatial variations of carbon 
intake, firstly, by regulating the penetra-
tion and falling of organic residues into 
the organic layer, and secondly, by influ-
encing the hydrothermal regime of the 
organic layer, that is, the dynamics of 
temperature and water content, which in 
turn can affect decomposition to a greater 
extent than differences in macroclimatic 
conditions on a continental scale (Joly et 
al., 2017). Other aspects of biodiversity 
(typological, species, functional, age, on-
togenetic structure, etc.) also determine 
the dynamics of carbon intake and its quan-
titative and qualitative characteristics. 

Let’s look into the influence of these 
mechanisms at different spatial levels.

2.1. Regional level

Estimates of the relation between 
carbon stocks and the amount of litter-
fall are usually mediated and carried out 
through changes in productivity. A study 
by Robert Amundson (2001) shows a 
trend of increasing soil carbon stocks in 
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forests with an increase in average an-
nual temperature, average annual pre-
cipitation and, accordingly, net primary 
productivity. 

It is known that the productivity of 
woody plants in the northern hemisphere 
naturally decreases from south to north 
(Utkin, 1975). It is also shown that the 
amount of litterfall increases with de-
creasing latitude (Albrektson, 1988). An-
nual intake of litter in the North taiga for-
ests varies within 0.9–2.5 t/ha (Nikonov, 
1986), in the middle taiga — 2.1–3.9 t/ha 
(Kazimirov, 1977; Red’ko, 1984). More 
highly productive communities contrib-
ute to a greater intake of litterfall: accord-
ing to literature data, the annual intake 
of litterfall in the forests of the conifer-
ous-broadleaf subzone varied from 2.5 to 
4.4 t/ha in the forests of the Moscow re-
gion (Karpachevsky, 1977), 3.1–4.4 t/ha 
in the forests of the Bryansk Polesie (Sha-
bliy, 1990), and 3.9–12.2 t/ha in the for-
ests of the North-Western Caucasus (Zon, 
1950). 

The litter quality of both coniferous 
and deciduous trees may vary depend-
ing on climatic conditions. The relation 
between the concentration of N and the 
average annual temperature and annual 
precipitation was revealed; it was found 
that for both coniferous and deciduous 
tree species, the total concentration of N 
in the litterfall increases with an increase 
in hydrothermal values (Berg, McClaugh-
erty, 2020). It is believed that, at the 

regional level, temperature is the lead-
ing factor in determining the rate of lit-
ter decomposition (Meentemeyer, 1978; 
Hobbie, 1996). However, when studying 
the rate of decomposition of ground litter, 
taking into account the climatic gradient, 
it is noted that in boreal forests about 
16% of decomposition can be explained 
by nitrogen concentration (Dyer et al., 
1990). When studying the rate of decom-
position of underground litterfall, taking 
into account climatic characteristics, it 
was shown that the chemical composi-
tion of the roots is the main regulator of 
decomposition processes, while climatic 
and environmental factors were of sec-
ondary importance (Silver, Miya, 2001). 
It is shown that the quality of litter can be 
a more significant predictor of soil organ-
ic horizon decomposition as compared to 
hydrothermal characteristics (Swift et al., 
1979; Berg, 2000), especially at the ini-
tial stages of its decomposition (Canessa 
et al., 2021).

2.2. Local level

2.2.1. Interbiogeocenotic heterogeneity

Studies show that the diversity of 
tree species increases forest productivity 
due to greater spatial complementarity 
of tree crowns, which, in turn, provides 
a positive correlation between the diver-
sity of tree species and the productivity of 
litterfall (Zheng et al., 2019). The amount 
of litterfall increased with increasing 
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species richness. Data on the relation 
between age and amount of litterfall are 
contradictory. Some publications have 
noted a positive relation between age and 
amount of litterfall in the first 98 years 
of the development of the pine commu-
nity with the subsequent flat trend (Chen 
et al., 2017); in other studies the amount 
of litterfall decreased with increasing age 
of the stand (Albrektson, 1988). It is also 
noted that the amount of litterfall may 
increase with increasing soil fertility (Al-
brektson, 1988). In coniferous-broadleaf 
forests the effect of age on the amount 
of litterfall was not seen (Huang et al., 
2017).

Low-quality litter is characterized by 
a low content of bases, high acidity, high 
content of lignin and secondary metabo-
lites, as well as a wide C/N ratio. The lit-
ter of coniferous trees has a low nitrogen 
content: for example, pine litter often 
contains less than 0.4% nitrogen (Berg, 
McClaugherty, 2020); the litter of boreal 
shrubs is rich in polyphenolic compounds 
(Wardle et al., 2003); and green mosses 
have a low content of nutrients (Hilli, 
2013). 

The high-quality litter is character-
ized by a high content of bases, low acid-
ity, and narrow C/N ratio. Deciduous tree 
litter is rich in nitrogen: for example, 
birch litter contains 0.7%, beech — 0.9%, 
aspen — 1.0%, hornbeam — 1.1%, oak — 
1.2%, maple — 1.3%, and lime — 1.5% (Si-
mon et al., 2018). The richer is litter with 

nutrients, the faster is the soil organic 
horizon decomposed by soil biota, which 
leads to a decrease in its stock and, ac-
cordingly, carbon stocks in it.

Already in the 1990s it was recog-
nized that the availability of nitrogen is 
the main determinant controlling the re-
sponse of soil carbon to climate changes 
in ecosystems whose nitrogen is a limit-
ing factor (Diaz et al., 1993; Nohrstedt, 
1992). A number of studies have shown 
that the addition of nitrogen stimulates 
the decomposition of high-quality litter, 
but slows down or prevents the decom-
position of low-quality litter (Knorr et al., 
2005), which is due, on the one hand, to 
the suppression of the activity of ligno-
lytic enzymes (Carreiro et al., 2000), and, 
on the other hand, to an increase in the 
number of microorganisms (Córdova et 
al., 2018). There is also evidence that ni-
trogen stabilizes organic matter in the 
soil (Neff et al., 2002; Swanston et al., 
2004) and prevents the mineralization 
of carbon accumulated earlier (Hagedorn 
et al., 2003). Broadleaf species, in par-
ticular elm, oak and poplar, can be con-
sidered the land-reclamation species that 
accelerate the nutrient cycle in pine plan-
tations (Polyakova, Billor, 2007).

When comparing decomposition rates 
of different plant groups, the influence of 
the functional characteristics of plants 
associated with phylogenetic groups was 
demonstrated. Faster decomposition of 
deciduous broadleaf species as compared 
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to coniferous species, as well as a faster 
decomposition of grass species as com-
pared to cereals, has been found. Slow 
decomposition rates of ferns and mosses 
have been noted (Cornwell et al., 2008).

However, the most common predic-
tors of the decomposition rate of soil or-
ganic horizon are relative indicators like 
the C/N ratio, as well as the content of nu-
trients in the soil organic horizon (Zhang 
et al., 2008). Some European (Lovett et 
al., 2004; Reich et al., 2005; Oostra et al., 
2006) and North American studies (Finzi 
et al., 1998; Neirynck et al., 2000; Dijk-
stra, Fitzhugh, 2003; Hagen-Thorn et al., 
2004) of plants of the genera Fraxinus, 
Acer, Quercus and Fagus show the differ-
ences in carbon pools of the soil organic 
horizon and the C/N ratio as an indicator 
of accumulation rate of the soil organic 
horizon. Ash, maple and lime are com-
bined into a group of plants with high-
quality litter, that is, the litter with high 
nitrogen content, which leads to low ac-
cumulation of C in the soil organic hori-
zon due to a high decomposition rate. Oak 
and beech have a relatively low content 
of C and N in the litterfall which results 
in low content of C and N in the forest 
soil organic horizon, high C/N ratio in 
the forest soil organic horizon, and low 
decomposition rate, which leads to an 
increase in pools of C and N in the for-
est soil organic horizon. When comparing 
coniferous species with deciduous ones, 
it was found that spruce has the highest 

C/N ratio and carbon stocks in the soil or-
ganic horizon (Vesterdal et al., 2008). At 
the same time, comparison of coniferous 
species with each other showed that the 
soil organic horizon of pine forests often 
has a much wider C/N ratio than that of 
spruce forests (Lukina et al., 2020). Sev-
eral studies have confirmed the informa-
tive value of the lignin/N ratio of the soil 
organic horizon in predicting the rate of 
decomposition of the soil organic horizon 
between species (Gower, Son, 1992, Heim, 
Frey, 2004). The following lignin/N ra-
tios were revealed (in descending order): 
spruce, beech > oak >> maple, lime >>> 
ash (Melillo et al., 1982; Lovett et al., 
2004; Sariyildiz, Anderson, 2005; Kalbitz 
et al., 2006; Cotrufo et al., 2013).

High-quality litter, i. e. that enriched 
with nutrients and with a minimum C/N 
ratio and lignin content, usually decom-
poses faster than low-quality litter (with 
nutrient deficiency and a lot of lignin). 
However, the contribution of rapidly and 
slowly decomposing litter fractions to 
SOM accumulation is currently not fully 
clear (Castellano et al., 2015). 

It is believed that slowly decomposing 
material of soil organic horizon contrib-
utes to the accumulation of carbon in the 
soil more than more rapidly decomposing 
material (Swift et al., 1979), especially 
in organogenic soil horizons, since low-
quality litter is slowly processed by soil 
biota (Striganova, 1980; Prescott et al., 
2000; Huang et al., 2020; etc.) and pro-
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motes the growth of fungi and their con-
tribution to carbon stabilization on the 
mineral matrix (Six et al., 2004; Soares, 
Rousk, 2019). However, the results of 
other studies show that mixing slowly 
decomposing soil organic horizon with 
low-quality litter and rapidly decompos-
ing soil organic horizon with high-quali-
ty litter contributes to higher efficiency 
of carbon transfer to soil mineral hori-
zons (Cotrufo et al., 2013; Córdova et al., 
2018), mainly due to an increase in DOC 
fluxes from the developed soil organic 
horizon (Fröberg et al., 2011) and by add-
ing readily available nitrogen of rapidly 
decomposing litter fractions. It has been 
shown that the content of DOC, especially 
in the surface layers of the soil, is posi-
tively correlated with the decomposition 
rate of the soil organic horizon (Zhou et 
al., 2015). There are regular connections 
between litter stocks and the flux of DOC: 
in forests with a high proportion of decid-
uous trees with less developed soil organ-
ic horizon, less intensive removal of DOC 
was noted (Fröberg et al., 2011). There 
is also data on the relation between the 
qualitative and quantitative characteris-
tics of DOC and root distribution.

Another important aspect of the im-
pact of litter quality is the comparison of 
litter quality in the soil organic horizon of 
monodominant and mixed forests. It has 
been shown that forests with higher di-
versity, that is, high plant species density, 
have a narrower C/N ratio (Polyakova, 

Billor 2007; Huang et al., 2017). There 
are also studies on the positive effect of 
plant functional diversity on the decom-
position of litter (Patoine et al., 2017), 
since the combined effect of litter of dif-
ferent quality can create special favora-
ble conditions for the activity of soil bio-
ta. For example, a number of studies have 
shown that the poor quality of spruce and 
fir litterfall results in the accumulation of 
the soil organic horizon, which is a habi-
tat for saprophages functionally related 
to it (Kuznetsova et al., 2019; Huang et 
al., 2020). 

The joint influence of species is seen 
when comparing carbon stocks of differ-
ent forest types (Framstad et al., 2013; 
Lukina et. al., 2020; Kuznetsova et al., 
2021). The differences may be due to the 
different ratio of plants of the tree layer. 
In the soils of broadleaf forests, it was not 
possible to find significant differences 
between carbon accumulation in mono-
cultures in common garden experiments 
(Vesterdal et al., 2008). The question of 
the combined effect of several species of 
woody plants on carbon stocks remains 
open. V. N. Shanin and colleagues (Shanin 
et al., 2014) studied the influence of the 
richness of boreal forests on their produc-
tivity and carbon dynamics and revealed 
that mixed forests are more productive 
than monodominant ones. With regard to 
coniferous-deciduous forests, it has been 
shown that a greater variety of tree spe-
cies causes an increase in organic carbon 
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stocks in the soil (Vesterdal et al., 2013). 
However, there are other estimates show-
ing that the carbon stocks of the soil are 
more influenced by the identity of tree 
species as compared to their diversity 
(Dawud et al., 2016).

The higher the diversity of woody 
plant species, the more mixed the litter 
becomes. At the same time, the litter of 
conifers is decomposed faster in the pres-
ence of deciduous tree litter (Patoine et 
al., 2017), therefore, the quality of litter 
in general improves, which contributes to 
more intensive decomposition and an in-
crease in carbon fluxes into mineral hori-
zons. Manipulations with the ratio of spe-
cies with different litter quality are com-
mon practice in climate-smart forestry 
(Mayer et al., 2020). 

There are few studies on the rela-
tion between the diversity of vegetation 
under the canopy with ground cover and 
carbon dynamics. In boreal forests, there 
has been a significant increase in carbon 
stocks in forests where the contribution 
of grasses to the total projective cover ex-
ceeds 10% (Lukina et al., 2020). In co-
niferous-broadleaf forests, a positive re-
lation between the content of soil carbon 
and the diversity of trees in the layer of 
sub-canopy vegetation was noted (Bakh-
shandeh-Navroud et al., 2018). 

Unlike boreal forests, where mosses 
and dwarf shrubs mainly predominate 
in the ground cover and the addition of 
grasses significantly affects the process-

es of carbon accumulation, in coniferous-
broadleaf forests, where grasses mainly 
predominate in the ground cover, their in-
fluence may be less pronounced (Kuznet-
sova et al., 2021).

2.2.2. Intrabiogeocenotic heterogeneity

There are quite a lot of works evalu-
ating carbon cycles in different mosaic el-
ements (Orlova, Lukina, 2016; Lukina et 
al., 2018; Priputina et al., 2020; etc.). Hu-
mification of the leaf-based soil organic 
horizon in the gaps and below the crowns 
differed in winter and summer (Ni et al., 
2015). Emission was 4 times higher in the 
gaps of old-aged spruce forests as com-
pared to the space below the canopy (Ka-
relin et al., 2017). The mass of needle lit-
terfall was significantly higher (7.5%) di-
rectly under the tree crowns. Whereas the 
characteristics of the litter quality (acid-
ity, content of N and other nutrients, C/N 
ratio) did not show any significant differ-
ences when comparing the spaces in be-
low and between the crowns in 55-year-
old pine forests of northwestern Germany, 
a number of studies show trends towards 
higher pH and nutrient content in spaces 
below the crowns in contrast to spaces 
between the crowns (Penne et al., 2010). 

There are very few studies assessing 
the influence of different mosaic elements 
related to the distribution of underground 
parts of plants on both cycles and carbon 
pools (Liang et al., 2017; Sokol et. al., 
2019). It is known that different types of 
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trees have different patterns of root dis-
tribution in the soil profile. Root systems 
of the common spruce are of the surface 
type and are located mainly in the forest 
soil organic horizon (Puhe, 2003). In the 
mineral soil, low mass of roots was seen 
(<5 mm) at a depth of 0–20 cm under 
the spruce and beech as compared to the 
oak and ash (Oostra et al., 2006). It has 
also been reported that ash has relatively 
thinner roots at a depth of 16–30 cm than 
oak, whereas at a depth of 0–15 cm the 
situation is quite opposite (Ponti et al., 
2004). Analysis of the qualitative com-
position of organic carbon taking into ac-
count the depth of the soil profile showed 
an increase in the content of lipids, the 
source of which was underground litter-
fall, as compared to the content of lipids, 
the source of which was ground litterfall 
(Nierop, 1998; Nierop et al., 2006; Feng, 
Simpson, 2007; Spielvogel et al., 2014; 
Angst et al., 2016). Using the example of 
both coniferous and deciduous forests, it 
was shown that root litterfall can make 
a comparable contribution to the soil car-
bon stock as compared to ground litterfall 
(Rasse et al., 2005).

Regulation of the migration of carbon 
compounds by atmospheric precipita-
tion and soil waters within the bounda-
ries of the soil profile may also be associ-
ated with the structural organization of 
biogeocenosis (Ershov, 2021). According 
to long-term observations, the intake of 
organic carbon compounds with atmo-

spheric precipitation in northern taiga 
forests below pine crowns is 5-6 times 
higher than in spaces between the crowns 
throughout the vegetation season, which 
may also explain the differences in car-
bon concentrations in soil waters (Lukina 
et al., 2018; Ershov et al., 2019). Signifi-
cant carbon removal with soil waters is 
typical of coniferous forests, especially in 
the spaces between the crowns (Fröberg 
et al., 2011; Lukina et al., 2018; Akkumul-
jacija..., 2018). 

Thus, forest biodiversity may in-
fluence carbon cycles, on the one hand, 
through change in quality and quantity of 
litterfall, and, on the other hand, through 
change in physical environmental condi-
tions like humidity or temperature. All 
this affects the change in activity of the 
soil biota. Vegetation composition deter-
mines quantity, quality and rate of decom-
position of plant litter, its horizontal dis-
tribution and distribution of carbon com-
pounds within the soil profile (Gleixner, 
2013), which determines the formation of 
soil carbon pools.

3. EXISTING ESTIMATES 
OF CARBON STOCKS IN TAIGA AND 
CONIFEROUS-BROADLEAF FORESTS 

3.1. Regional level

Russia accounts for more than 20% 
of the world’s forest cover and more than 
half of the world’s boreal forest resources. 
According to existing estimates, the soils 
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of forest ecosystems account for about 
46% of the total carbon stocks in the soil 
cover of Russia (Schepashchenko et al., 
2013). At the same time, the contribution 
of forest lands in the Asian and Europe-
an parts of the country is different and 
amounts to 48% and 37%, respectively, 
which reflects the level of forest cover of 
these territories.

Soil carbon stocks are closely related 
to the natural and climatic zone: the high-
est level of accumulation is characteristic 
of forests that formed under cool and hu-
mid conditions, whereas in warmer and 
drier climates, stocks decrease both on 
a global scale (Post et al., 1982; Jobbagy, 
Jackson, 2000) and on a (sub)regional 
scale (Burke et al., 1989; Alvarez, Lava-
do, 1998; Paul et al., 2002; Callesen et al., 
2003; Baritz et al., 2010; Badgery et al., 
2013; de Brogniez et al., 2014; Rossel et 
al., 2014; Hobley et al., 2015; Gray et al., 
2016; Chestnyh et al., 2020).

Total carbon stocks in automorphic 
and semi-hydromorphic soils, taking into 
account the hydromorphic soils of swamps 
in the forest areas of the European-Ural 
part with an area of 181.13 × 106 ha, 
amount to 19.3 × 109 t C (Chestnyh et al., 
2020). Of these, north taiga carbon stocks 
in the 0–30 cm layer, including the carbon 
stocks of the soil organic horizon, orga-
nogenic and mineral horizons, amount to 
4.94 ± 2.01 × 109 t C, in the middle taiga 
forests — 2.92 ± 0.93 × 109 t C, and in south-
ern taiga forests — 2.09 ± 1.80 × 109 t C. 

The lowest stocks were revealed in the 
zone of coniferous-broadleaf forests — 
1.02 ± 0.67 × 109 t C. The highest aver-
age values were found in the soils of the 
northern taiga forests, if we take swamp 
forests into account. The minimum aver-
age values are typical for the coniferous-
broadleaf area, which the authors explain 
with either climatic features and widely 
spread breaking new grounds, or lack of 
data on swamps in this area. 

In automorphic soils, soil organic 
horizon on average accounts for 30% of 
the total stock of C in the 0–30 cm lay-
er, whereas in layers of 0–50 cm and 
0–100 cm, it decreases to 24% and 18%, 
respectively (Chernova et al., 2020). The 
average carbon stock of the soil organic 
horizon depends on the natural and cli-
matic zone: there is a trend to decreasing 
stocks of the soil organic horizon and car-
bon stocks therein from the northern tai-
ga subzone to the subzone of coniferous-
broadleaf forests (Chestnyh et al., 2007; 
Kuznetsova et al., 2020). The average 
carbon stock of the soil organic horizon is 
11 t/ha in the forests of the northern taiga, 
10 t/ha in the forests of the middle taiga, 
and 7 t/ha in the more southern regions 
(Chestnyh et al, 2007). Total carbon stock 
in the forest floor throughout Russia rang-
es from 5.3 Pg С (Chestnyh et al., 2007) 
to 8.4 Pg С (Schepashchenko et al., 2013). 

In contrast to carbon stocks of the 
soil organic horizon, more intensive car-
bon accumulation was revealed in the 
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mineral horizons of automorphic soils 
of the southern regions as compared to 
the northern ones. For example, carbon 
stocks of the soil organic horizon in blue-
berry pine forests naturally decreased 
from 47±8 t/ha in the northern taiga to 
8±1 t/ha in coniferous-broadleaf forests, 
and stocks in the 0–10 cm layer repre-
sentative of the humus-accumulative ho-
rizon, on the contrary, increased from 8±1 
to 18± 2 t/ha (Kuznetsova et al., 2020). 

3.2. Local level
3.2.1. Interbiogeocenotic heterogeneity 

In the boreal forests of the European 
part of Russia, the average carbon stock 
varies from 10.6 to 17.2 t/ha in organic 
horizons, while in the 30-centimeter lay-
er (mineral layer) it varies from 46.6 to 
122.2 t/ha (Rasporjazhenie..., 2018). The 
average carbon stock of the soil organic 
horizon ranges from 0.6 to 28 t/ha in pine 
forests, from 0.9 to 58 t/ha in spruce for-
ests, from 1 to 29 t/ha in broadleaf forests, 
from 0.3 to 27.4 t/ha in birch forests, and 
from 0.7 to 19.9 t/ha in aspen and other 
soft-wooded broadleaf forests (Chestnyh 
et al., 2007). In the Komi Republic, in the 
north-east of the European part of Russia, 
the carbon stock in the one-meter layer of 
soil varied from 29 t/ha to 121 t/ha, de-
pending on the type of soil (Dymov, 2018). 
In the Republic of Karelia, the stocks of 
soil carbon in the one-meter layer also 
varied significantly and amounted to 24–
434 t/ha in pine forests and 39–402.4 t/ha 

in spruce forests depending on the type of 
soil and humidity (Bakhmet, 2018). The 
results of soil carbon assessments in the 
boreal forests of the Scandinavian coun-
tries indicate that the greatest diversity 
of soil carbon stocks associated with en-
vironmental factors is detected in organic 
horizons (Framstad et al., 2013). Accord-
ing to field data, the average national val-
ue of organic carbon stocks was 92 t/ha 
in forests with spruce predominance and 
57 t/ha in forests with pine predominance 
(Stendahl, 2010). Modeling has demon-
strated that the accumulation of organic 
carbon stocks is 22% higher in spruce 
forests than in pine forests under simi-
lar environmental conditions. In Norway, 
soil carbon stocks were higher in more 
productive forests than in less produc-
tive forests, which was believed to be due 
to different soil thickness (de Wit, 1999). 
In Finland, carbon stocks in the soil var-
ied depending on the weight of the for-
est soil organic horizon, weather condi-
tions and logging (State of..., 2012). It has 
been shown that a more productive for-
est accumulates more carbon in the soil 
of Finnish forests (Leskinen et al., 2020). 
In Canada, soil carbon stocks in boreal 
mixed forests on sandy loam (northeast 
Ontario) was on average 51 t/ha and 
amounted for up to 30% of the total car-
bon stocks, whereas the forest soil organ-
ic horizon accumulated 22 to 36 t C per 
ha. In the Canadian boreal biome, soils in 
forests of black spruce, that have a slow 
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carbon cycle, stored more organic carbon 
than the soils of aspen forests. (Lagani-
ere, 2013).

In the zone of coniferous-broadleaf 
forests of the European part of Russia, the 
average carbon stock ranges from 10.6 to 
17.2 t/ha in organic horizons, while in the 
30-centimeter soil layer it ranges from 
46.6 to 122.2 t/ha (Rasporjazhenie..., 
2018). In the secondary post-agrogenic 
lime-aspen mixed-herbs forests of the 
Moscow region, the carbon stock in the 
0–60 cm layer was 88 t/ha (Baeva et al., 
2017). In the forest biogeocenoses of the 
Middle Volga region in the soil layer of 
0–50 cm, the carbon stock ranges from 
12.8 to 439.5 t/ha depending on the type 
of forest, soil type and humidity (Dema-
kov et al., 2018).

In the organic horizon of broadleaf for-
ests of the Central Europe, low carbon stock 
was found under the beech (0.42 t/ha) and 
in lime forests (0.20 t/ha) (Langenbruch, 
2012), whereas in hornbeam-oak forests 
it is up to 8.4 t/ha (Bruckman et al., 2016) 
and is about 6 t/ha in the organic hori-
zon of spruce forests of the Western Black 
Sea region (Misir et al., 2012). In common 
garden experiments, carbon stocks of the 
soil organic horizon ranged from 1.8 t/ha 
in lime, maple and ash crops to 3.8 t/ha 
in oak and 4.5 t/ha in birch forests. Up 
to 14.5 t/ha of carbon accumulated un-
der the spruce (Vesterdal et al., 2008).

Soil carbon stocks in the mineral layer 
of 0–20 cm amounted to 52 t/ha in beech 

forests and 45 t/ha in lime forests of Cen-
tral Europe (Langenbruch, 2012), while 
in the 0–50 cm soil layer of hornbeam-
oak forests it reached 77 t/ha (Bruck-
man et al., 2016), and in fir forests of the 
western Black Sea region — 155 t/ha (Mi-
sir et al., 2012). In common garden for-
ests, carbon stocks in the 0–30 cm layer 
ranged from 61 t/ha in spruce and birch 
stands to 64–67 t/ha in maple and lime 
and 69–71 t/ha in oak and ash forests 
(Vesterdal et al., 2008). 

Therefore, it was shown that forest 
soils of the temperate zone have a signifi-
cant carbon stock of up to 100 Mg C/ha 
or more. However, the variability is very 
high for both organogenic and mineral 
soil horizons. The rate of soil carbon se-
questration in these forests depends on 
the type of soil, previous carbon stock, 
species composition of vegetation and 
other natural and anthropogenic factors 
(Lal, Lorenz, 2012). 

3.2.2. Intrabiogeocenotic heterogeneity 

There are very few studies assess-
ing carbon pools in different elements 
of the mosaic. When comparing spruce 
parcels, minimal carbon stocks were 
found in the oxalis and dead-cover par-
cels, where stocks on average amount to 
13 t/ha in the upper mineral layer of 0–5 
cm as compared to blueberry, green moss 
and sedge spruce parcels, where stocks 
amount to 17–18 t/ha (Podvezennaja, Ry-
zhova, 2010). An increased pool of the soil 
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organic horizon in the near-trunk spaces 
was shown as compared to the spaces be-
low and between the crowns (Podvezen-
naja, Ryzhova, 2010). The example of 
pine forests in northwestern Germany 
demonstrated a tendency to increasing 
carbon stocks of soil organic horizon 
from 35 ± 9 t/ha in the spaces below the 
crowns to 38 ± 9 t/ha in the spaces be-
tween the crowns (Penne et al., 2010). 

CONCLUSION

Vegetation as the main source of or-
ganic matter entering the soil determines 
the possibility and rate of soil organ-
ic matter formation and accumulation. 
Three main ways of transferring carbon 
from the vegetation pool to the soil pool 
have been identified: processing of above-
ground and underground litterfall by soil 
fauna and microbiota, association of or-
ganic matter with soil aggregates due to 
root litter and root exudates, leaching 
of dissolved organic carbon from living 
plants and forest soil organic horizon. At 
the same time, there are no estimates of 
the contribution of each of these mecha-
nisms or their combined impact. It was 
shown that such mechanisms of soil or-
ganic matter fixation as physical protec-
tion of organic matter in soil aggregates 
and biochemical stability of plant com-
pounds require attention. 

Analysis of the current state makes 
it possible to identify three main mech-

anisms that determine the dynamics of 
soil carbon pools and are associated with 
vegetation: quantity and quality of litter 
of both individual species (species iden-
tity) and their joint influence (structural 
diversity of communities). Vegetation di-
versity affects carbon and nitrogen cycles 
through changes in biotic conditions (lit-
ter quality and quantity), on the one hand, 
and through changes in physical environ-
mental conditions (humidity, tempera-
ture), on the other hand. The influence 
of all aspects of diversity is significant. 
There are a number of works showing the 
influence on carbon of tree species, age 
of the stand, structure of crowns and mo-
saic pattern of the biogeocenosis.

Due to a close relation between veg-
etation diversity and carbon stocks, it is 
possible to manage soil carbon pools with 
the introduction of climate-smart forest-
ry. However, in order to properly manage 
the size of the soil carbon pool, deeper 
knowledge of the sequestering potential 
of soils and its main controlling factors 
is needed, where gaps in knowledge are 
known. For example, there are singular 
estimates of the contribution of the lower 
layers of vegetation to the variation of soil 
carbon stocks, rare are estimates of the ef-
fect of micromosaic pattern (structural 
diversity) of forests on the soil carbon 
pool, comparison of the influence of indi-
vidual woody plants and their combined 
effect on the soil carbon pool. Estimates 
of the impact of vegetation regulation of 
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volume and composition of precipitation 
penetrating through the vegetation can-
opy on the soil carbon pool are also rare, 
and there are next to none estimates of 
the contribution of combinations of vari-
ous factors, including vegetation-relat-
ed ones, to the regulation of soil carbon 
stocks. 

Studies are mostly focused not on 
carbon pools, but on individual compo-
nents of stock estimates, mainly the car-

bon content. There is an issue as well that 
is related to the limited number of esti-
mates of soil carbon pools in the subzone 
of coniferous-broadleaf forests.
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