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Relevance and goals. In the context of global climate change, the climate-regulating function of forests de-
serves special attention. There is still no functional classification of forests according to the effectiveness of carbon
accumulation function. The aim of this paper is to discuss an approach to such classification based on the assess-
ment of tree litter quality.

Objects and methods. To test the approach to the identification of functional types of forests based on the
quality of tree litter, taking into account the location in the geochemically linked landscape and the mechanical
composition of soil-forming rocks, data on soils and vegetation obtained at 23 testing sites in the subzone of co-
niferous-broadleaf forests of the European part of Russia on the territory of Bryansk Polesie and Moskvoretsko-
Okskaya plain were used. For indirect (Landolt’s ecological scales using the SpeDiv program) assessment of dif-
ferences in the soil richness in forests belonging to different functional types, the species composition at 160
geobotanical plots in forest sites in the Moscow, Bryansk, Smolensk, Kostroma Regions, Krasnodar Territory, and
the Republic of Adygea (Northwestern Caucasus) were analyzed.

Results. Examples of functional forest types for coniferous — broad-leaved forests of the European part of
Russia are given. The differences in soil carbon stock between forests belonging to different functional types were
found, and a preliminary assessment of the influence of the location in the geochemically linked landscape and the
mechanical composition of soils on the accumulation of carbon in soils in the same functional forest types is given.

Conclusion. Based on the quality of the tree litter, 15 functional forest types were identified, which are con-
firmed by examples of forests in the subzone of coniferous-broad-leaved forests of the European part of Russia and
in the belt of coniferous-broad-leaved forests of the Northwestern Caucasus. The validity of identification of func-
tional forest types for the efficiency of carbon accumulation in soils based on the quality of tree litter; taking into
account the influence of “external factors” (the location of forests in the geochemically linked landscape and the
mechanical composition of soil-forming rocks), was confirmed by data obtained at 23 sites. Using this approach
allowed us to reveal differences in the soil carbon stock and related characteristics of soil fertility estimated on an
ecological scale between the functional forest types, identified on the base of tree litter in the mixed, coniferous-
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broad-leaved forests at the same location in the geochemically linked landscape. Differences in soil carbon stocks
in forest ecosystems of the same functional forest types formed on clay loam and sandy loam soil-forming rocks
were also revealed. Differences in soil carbon stocks in forests belonging to the same functional type, but formed
at different locations in the geochemically linked landscape, have been confirmed: soil carbon stocks were higher
in forests at the transit landscapes compared to those in autonomous ones.

Keywords: coniferous-broad-leaved forests, forest functional classification, functional types of forests, carbon

stocks

Currently, attention is being increasingly
focused on the forest ecosystem functions and
services. Forests perform ecosystem func-
tions/services of all four categories: regulat-
ing, providing supporting and cultural (Mil-
lennium Ecosystem Assestment, 2005). In this
regard, it becomes important to develop new
approaches to the functional classification of
forest ecosystems based on the effectiveness
of their various functions (Lukina et al., 2021).

In the context of global climate change as-
sociated with an increase in greenhouse gas
emissions into the atmosphere, the climate-
regulating function of forests deserves special
attention. Forests can absorb greenhouse gas-
es and store carbon in both biomass and soil
pools. A number of studies have shown that
the effectiveness of forests in performing the
function of carbon accumulation, in particular
carbon accumulation in the soil, can be influ-
enced by various natural and anthropogenic
factors (Mazhitova et al.,, 2003; Chestnyh et
al., 2004; Mashika, 2005; Shchepashchenko
et al,, 2013; Bobkova et al,, 2014; Baeva et al,,
2017; Telesnina et al.,, 2017; Bakhmet, 2018;
Dymov, 2018; Demakov et al., 2018; Chestnyh
et al,, 2020; Ryzhova et al, 2020; Akkumul-
jacija ..., 2018; Lukina et al., 2020; Kuznetsova

et al,, 2021). Internal and external factors can
be distinguished among natural factors. In-
ternal factors include vegetation, soil micro-
organisms and animals, and other biota; ex-
ternal factors include abiotic factors such as
soil-forming rocks, climate, and relief. Among
anthropogenic factors, the regime of forest
management and land use in general, the pol-
lution-induced factor, and fires are important.

Vegetation as the main source of organic
matter entering the soil determines the level
of accumulation of soil organic matter. The dy-
namics of soil carbon pools caused by vegeta-
tion are influenced by the quantity and qual-
ity of tree species litter, both individually and
jointly (Castellano et al., 2015; Kuznetsova et
al,, 2021).

The quality of the litter depends on the
species composition and age structures of for-
est trees, as well as the stages of tree plant on-
togenetic development, and is determined by
the ratio of nutrients (nitrogen, phosphorus,
potassium, calcium, magnesium, etc.) and sec-
ondary metabolites (polyphenols, lignin, etc.)
in the litter; an important indicator is the C/N
ratio (Berg, 2020). The quality of the litter reg-
ulates the rate of decomposition of plant resi-

dues — the main source of nutrients for sap-
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rophages (Krishna, 2017). According to the
quality of the litter, functional types of plants
can be distinguished (Cornelissen etal., 2007).

The functional classification of forest eco-
systems according to the effectiveness of their
carbon cycle regulation can be based on the
quality of plant litter (Lukina et al., 2021). In
coniferous-broad-leaved forests, a significant
proportion of plant litter;, which decisively
affects the accumulation of soil carbon, is
formed by tree plants. Low-quality litter, that
is, with a low content of bases, nitrogen, high
acidity, high content of lignin, and other sec-
ondary metabolites, as well as a wide C/N ra-
tio, is characteristic of coniferous trees. Ear-
lier, when comparing coniferous tree species
with each other, it was noted that the litter in
pine forests differed in a much wider C/N ra-
tio than in spruce forests (Lukina et al., 2020).
A number of studies of European (Lovett et al.,
2004; Reich et al., 2005; Oostra et al., 2006)
and North American (Finzi et al., 1998; Neir-
ynck et al, 2000; Dijkstra, Fitzhugh, 2003;
Hagen-Thorn et al., 2004) scientists showed
differences in the litter quality , C stocks and
C/N ratio between some broad-leaved forests
forming by different tree species (Fraxinus
exelsior, Fagus orientalis and the genera Acer
and Quercus): ash and maple are grouped into
plants with high litter quality, while oak and
beech are characterized by a relatively low N
content in the litter, a wider C/N ratio, low de-
composition rate.

The aim of this paper is to discuss the re-
sults of the implementation of an approach
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to the functional classification of coniferous-
broad-leaved forests based on the relation-
ships between the quality of tree litter and
carbon stocks in soils.

At this stage of the work, we raised the
scientific tasks as follows:

e to determine which functional types of
forests can be identified on the basis of tree
litter quality in coniferous-broad-leaved for-
ests of the European part of Russia;

e to find out whether the functional
types of forests identified on the basis of the
proposed approach differ in terms of soil car-
bon stocks;

e to demonstrate the influence of loca-
tion in the geochemically linked landscape of
forest ecosystems belonging to the same func-
tional forest types (FFT) and of soil forming
rocks on carbon accumulation in soils.

MATERIALS AND METHODS

The analysis includes data on geobotani-
cal descriptions of forest communities and
soil characteristics of 23 sites representing
forests in autonomous and transit locations in
landscapes on soil-forming rocks of different
mechanical compositions (sandy loam, clay
loam) in the subzone of coniferous-broad-
leaves forests of the European part of Russia.
On loamy soil-forming rocks of the Mosk-
voretsko-Okskaya plain (MO), oak-spruce
forests with lime and boreal-nemoral herbs
were studied. On the sandy Bryansk forest

area (BFA), polydominant broad-leaved for-
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ests with spruce and nemoral herbs, pine for-
ests with dwarf shrubs and green mosses, and
aspen-birch nemoral forests were studied.
Geobotanical descriptions were per-
formed on 20 x 20 m permanent sample plots
according to the standard methodology (Ak-
kumuljacija .., 2018). Samples from the soil
mineral horizons using a soil drill below and
between the trees, and soil samples were tak-
en up deeper, to a depth of 100 cm between
the trees manually, using a shovel. Litter sam-
ples were taken at sites 0.25 x 0.25 m. All sam-
ple plots were established in triplicate. In the
laboratory, samples from mineral horizons
were dried and sieved through a 2 mm sieve,
chemical analysis was carried out in samples
of a fraction less than 2 mm. Litter samples
were dried and weighed to determine the
., 2018). The carbon

and nitrogen content in all samples was de-

stock (Akkumuljacija

termined using a CHN analyzer (EA 1110
(CHNS-0)).

An indirect assessment of the soil fertility
in forests belonging to different FFTs was car-
ried out on the Landolt ecological scale using
the SpeDiv program, the species compositions
of 160 geobotanical plots of forest vegetation
in the Moscow, Bryansk, Smolensk, Kostroma
Regions, Krasnodar Territory, and the Repub-
lic of Adygea (Northwestern Caucasus) were
analyzed.

The inventory of forest communities
within the identofied FFTs was based on the
materials of Forest cenofond within Europe-
an Russia (Cenofond ..., 2010), for the North-

western Caucasus — based on the materials
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of the original database of geobotanical de-
scriptions of forest communities of the North-
western Caucasus (by Shevchenko) and pub-
lished data (Francuzov, 2006).

RESULTS AND DISCUSSION

Based on the quality of the litter, the
plants of the tree layer were divided into 4
main functional groups:

1) deciduous trees with fast decompos-
ing litter (these include species of the genera
Acer, Fraxinus, Tilia, Ulmus, Betula, Alnus);

2) deciduous trees with slow-decompos-
ing litter (Populus, Quercus, Fagus);

3) dark coniferous trees (Picea / Abies);

4) light coniferous (Pinus).

Based on data from the Forest cenofond
within European Russia (Cenofond ..., 2010),
up to 160 different taxonomic forest types
can be identified in the subzone of coniferous-
broad-leaved forests of European Russia. The
tree layer of these forests can be monodomi-
nant, particularly at the early stages of natural
succession or on plantations, but more often
in the tree layer of forests of the subtaiga sub-
zone, various species belonging to different
functional groups in terms of the quality of lit-
ter are combined. In this regard, all the variety
of forest taxonomical types found in the sub-
zone of coniferous-broad-leaved forests of the
European part of Russia can be attributed to
15 main functional types (Table 1), identified
on the basis of the quality of plant litter affect-
ing the level of carbon accumulation in the soil
(Akkumuljacija .., 2018; Lukina et al.,, 2021;
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Kuznetsova, 2022). In the coniferous-broad-
leaved forests of the Northwestern Caucasus,
secondary after-logging communities with sig-
nificant contribution of small-leaved tree spe-

cies (hornbeam, alder;, aspen, etc.) are devel-

oped over large areas. Old-age intact forests are
formed, as a rule, by spruce, oak, beech, and fir
(Akkumuljacija ..., 2018). Based on the quality
of the tree litter in the Northwestern Caucasus,
14 functional types of forest were identified.

Table 1. Functional forest types (FFTs) and their corresponding groups of forest types
in the subzone of coniferous-broad-leaved forests of the European part of Russia
and in the belt of coniferous-broad-leaved forests of the Northwestern Caucasus

Groups of forest types in the
plains of the European part

Types of forest, Northwestern

predominate

boreal and nemoral, haircap-moss-
sphagnum

FFT | Tree layer composition of Russia (according Caucasus
to Cenofond ...,, 2010)
Birch forests small-herb
Deciduous species with boreal, nemoral, nltro.phlllc and Hornbeam forests fescue, mixed
) . mesotrophic-marsh, lime forests .
A1 | fast decomposing litter herbs, honeysuckle-mixed herbs;
redominate * and gray alder forests nemoral and alder forests ferns-tall herb
p nitrophilic, black alder forests and
ash forests nitrophilic
Deciduous species with 0ak, aspen-oak nemoral and Beech forests mountain fescue,
A2 | slow-decomposing litter nitrophilic; aspen boreal nemoral, oak-beech forests mixed herbs
predominate nemoral and nitrophilic (bedstraw)
Spruce forests dwarf-shrub and Fir forests oxa.hs, mixed grass
. . (bedstraw), mixed herbs-ferns,
Dark coniferous species small-herb green-moss, small-grass- . .
A3 . mixed herbs-mountain fescue,
predominate boreal, boreal-nemoral and nemoral; .
. oxalis-small-grass;
fir-spruce forests boreal-nemoral ) .
spruce-fir forests oxalis-small-grass
Pine forests green-moss-lichen,
. . . xerophytic-dwarf-shrub- and . .
A4 Light coniferous species small-herb green-moss, small-herb- Pine forests with rhododendron,

cereal (reed grass)

** Dark coniferous and
deciduous species with

Spruce forests with lime and maple
nemoral and boreal-nemoral, fir-
spruce with lime boreal-nemoral,

Fir-hornbeam forests with
rhododendron, fir-hornbeam forests

slow-decomposing litter
are combined

and small-herb boreal

A5 o spruce with birch dwarf-shrub with Pachyphragma;
fast decomposing litter . . 1
are combined green-mossy, birch with spruce hornbeam forests with fir,
small-herb boreal and nemoral, lime | small-grass with raspberry
with spruce nemoral and nitrophilic
Dark coniferous
. . Beech-fir forests with Pachyphragma,
A6 and deciduous with Oak-spruce and spruce-oak nemoral mixed-herbs, dead cover: fir-beech

forests oxalis-small-herbs

* Here and further — the share of the predominant species in the total tree layer — is more than 90%;

**In the tree layer;, species can be combined in a fairly wide range of ratios for the cover (50/50%, 90/10%).
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Groups of forest types in the
FFT | Tree layer composition plains of the European part Types of forest, Northwestern

of Russia (according
to Cenofond ..., 2010)

Caucasus

Light coniferous and
deciduous species with

Pine forests with lime nemoral and
boreal-nemoral, pine forests with

Hornbeam-pine forests

slow-decomposing litter
are combined

spruce with pine (with birch and
aspen, oak) small-herb boreal

A7 fast decomposing litter birch nemoral and dwarf-shrub rhododendron-fescue
are combined green-moss
ng}.lt con1ferou§ and. Pine forests with oak xerophytic : .
deciduous species with Beech-pine forests with
A8 . . green-moss, boreal-nemoral;
slow-decomposing litter . rhododendron
: complex pine forests boreal-nemoral
are combined
Hornbeam-beech forests mixed-
herbs, mixed-herbs-blackberry;
. . Birch-aspen with lime, hornbeam-aspen forests mixed-
Deciduous species o .
with slow- and fast- aspen with lime, elm-lime-oak, herbs; aspen-hornbeam forests
A9 . . lime-oak, lime-oak with ash, mixed-herbs; oak-hornbeam forests
decomposing litter are . .
combined oak-lime, aspen-lime nemoral; fescue; aspen-hornbeam forests
oak with black alder nitrophilic ferns-mixed-herbs, honeysuckle-
small-grass, bedstraw; hornbeam
forests with aspen, beech, and ash
Dark coniferous and light | Pine forests with spruce xerophytic, | Pine forests with fir and spruce
A10 | coniferous species are dwarf-shrub and small-herb green- | nemoral mixed-herb; pine forests
combined moss, haircap-moss sphagnum with fir reed grass-mixed-herb
Dark coplferous . Lime-oak with spruce, oak-lime with
and deciduous species - .
. spruce, spruce forests with lime and | Beech-fir-hornbeam forests
A11 | with fast- and slow- . .
. oak nemoral; oak-spruce with maple | honeysuckle-mixed-herbs
decomposing litter
. boreal-nemoral
are combined
Dark coniferous, hght Pine forests with spruce and
coniferous and deciduous . . . .
. . birch dwarf-shrub green-moss, Pine forests with spruce, fir, and
A12 | species with fast . .
o xeromesophilic- herbaceous, small- | birch reed grass
decomposing litter are
. herb boreal
combined
Dark coniferous, light Pine forests with aspen and spruce P¥ne-aspen-f1r.forests reeq grass;
coniferous pine forests with spruce, fir and
. . dwarf-shrub and green-moss, spruce .
A13 | and deciduous species . . aspen legumes-mixed herbs;
. . forests with pine and oak (aspen) . e
with slow-decomposing small-erass and ereen-moss pine forests with fir and beech
litter are combined 8 & rhododendron-dead cover
nght comferous and Complex pine forests
deciduous species . .
. boreal-nemoral, pine forests Pine-beech-hornbeam forests
A14 | with fast- and slow- R
. with birch and aspen dwarf-shrub blackberry
decomposing litter are
: and green-moss
combined
Light coniferous, dark Pine with spruce
coniferous and deciduous | (with birch, lime, and oak)
F15 | species with fast- and xeromesophilic-herbaceous, Not identified
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As it is known, nitrogen and carbon are
closely related in organic matter, and the ra-
tios between them are tissue-specific and spe-
cies-specific. The conjugacy of nitrogen and
carbon content in the soil of European part of
Russia was also confirmed earlier in a number
of our works (Akkumuljacija ..., 2018; Kuznet-
sovaetal, 2021). Based on this, for an indirect
assessment of the effectiveness of the func-
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o
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tion of carbon accumulation in soils by forests
belonging to different FFTs, a characteristic of
nitrogen richness in soil was used, obtained
on the basis of an analysis of species composi-
tion on the Landolt scale of soil richness. The
geobotanical descriptions of the mountain
forests of the Northwestern Caucasus and
lowland forests of European Russia, attrib-
uted to the same FFT, were analyzed (Fig. 1).

235%
155
0,5
0 -
Al A2 A3 A4

m Northwestern Caucasus

AS A6 A9 All

® European part of Russia

Figure 1. The richness of the soil with nitrogen (Landolt indicator values).
The x-axis signatures represent the functional types of the forest (see Table 1).

Note: The histogram is based on the average values of soil richness points based on the analysis
of 160 geobotanical descriptions (10 descriptions for each functional type)
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In the Northwestern Caucasus, the values
of soil richness were higher in all FFTs except
for A4 (light coniferous forests). The A4 type
has the lowest values of soil richness for both
the Northwestern Caucasus and the plains of
the European part; the difference in values
between the two regions was also minimal for
this type. Despite the fact that the values of
soil richness in forest ecosystems belonging
to the same FFT differ in the regions, which
was explained by differences in climatic, soil,
and orographic conditions, both in the North-
western Caucasus and on the plains of the
European part of Russia, there is a similar ten-
dency for soil richness indicators to change
from type to type, which confirms the key role
of vegetation and the quality of plant litter in
the accumulation of organic matter in the soil.

Direct soil measurements were per-
formed for forests belonging to functional
types A4 (pine forests), A9 (mixed type, in
layer A, deciduous tree species with slow and
rapidly decomposing litter are combined)
formed on sandy loam soils in the Bryansk
forest area and A1l (mixed forests: in the
tree layer, dark coniferous and deciduous spe-
cies with fast- and slow-decomposing litter),
growing in the Bryansk forest area, as well as
on loams on the Moskvoretsko-Okskaya plain.
Figure 2 shows the contribution of species of
different functional groups in the tree layer
cover of these 3 FFTs.

In forests of A4 type, 90% of the tree
layer cover was composed by light conifer-
ous species (in this case Pinus sylvestris), in
forests of A9 type deciduous trees of different

FOREST SCIENCE ISSUES, 2023, VOL. 6, NO 3. ARTICLE 133

functional groups were combined in different
proportions.

In A11 forests, the contribution in the
tree layer of trees of dark coniferous species
(DC), deciduous with rapidly (DRD) and slow-
ly decomposing (DSD) litter was different.

Soil measurements in the forests of the
Bryansk forests, forming in similar landscape
location and climatic conditions on soil-form-
ing rocks of similar composition, also revealed
a difference in the soil carbon stocks between
the forests belonging to different FFTs (Fig. 3, 4).

In autonomous landscapes, the carbon
stock in litter of aspen-birch forests (FFT A9)
and pine forests (FFT A4) demonstrated some
differences (p =0.05) for both the L and the
FH litter subhorizons, in the mineral profile
the differences were also found in the upper
(0-30 cm) layer (p =0.05) (Fig. 4 (b)): carbon
stock in the litter of A4 pine forests was high-
er, in soil mineral horizons, on the contrary,
carbon stock was higher in A9 (Fig. 3 (b)).

In transit landscapes, carbon stock dem-
onstrated significant differences between the
two FFTs only in the FH subhorizon (p = 0.008),
whereas no significant differences were found
in the mineral profile (Fig. 4).

The influence of the mechanical compo-
sition of soil-forming rocks and location of
forest in the geochemically linked landscape
on the function of carbon accumulation in the
soil of forests belonging to the same FFT has
also been assessed.

When comparing the soil carbon stock
in A9 forests at different landscape locations,

no differences were found in carbon stock in
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Figure 2. The ratio of the cover of tree species of different functional groups (DRD — deciduous trees with rapidly decomposing

litter, DSD — deciduous trees with slowly decomposing litter, DC — dark coniferous trees, LC — light coniferous trees) in layer

A in forests of functional types A4 (a), A9 (b), and A11 (c). On X-axis for a, b: ordinal numbers of sites; for c: BFA (1-3) — sites
in the Bryansk forest area, MO (1-2) — sites on the Moskvoretsko-Okskaya plain
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Figure 3. Carbon stock in the forest litter (a) and the mineral layer of the soil (b) in forest ecosystems of functional types A9
and A4 in autonomous landscapes, t/ha. On X-axis: L, FH — litter subhorizons, 0-30 cm, 30-100 cm — soil layers (mineral part)

E)) (b)
12 4 70 A
10 A 60 -
50 -
8 B
§ : a 40 A
- § 30 .
] 20 -
2 10 4
0 - 0 A
I FH 0-30 cm 30-100 cm

y . M A9 transit ¥ A4 transit
m A9 transit ™ A4 transit

Figure 4. Carbon stock in the forest litter (a) and the mineral layer of the soil (b) in forest ecosystems of functional types A9
and A4 in transit landscapes, t/ha

E. V. Basova, N. V. Lukina, A. I. Kuznetsova, A. V. Gornov,
N. E. Shevchenko, E. V. Tikhonova, A. P. Geraskina, 10
T. Yu. Braslavskaya, D. N. Tebenkova, D. L. Lugovaya



ORIGINAL
RESEARCH

mineral layers: the average values of carbon
stock were 36.2 t/ha, 6.5 t/ha, and 23.0 t/ha
in mineral layers 0-15, 15-30,and 30-100 cm
of soil, correspondingly, in autonomous land-
scape. In transit landscape, soil carbon stock
averaged 33.0 t/ha, 13.9 t/ha, and 24.4 t/ha
in layers 0-15, 15-30, and 30-100 cm, cor-
respondingly. Perhaps, the lack of statistically
significant differences was due to insufficient
number of samples.

The expected pronounced differences in
soil carbon stock between forests at autono-
mous and transit landscapes were found in
forests of A4 type (light coniferous). In this

(@ 4.0 -
3951
3,0 1
2:5%+

2,0 1

t/ha

15551
1,0 1
0,5 1
0,0 -

L FH
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case, the Mann-Whitney U test has confirmed
the reliability of differences between carbon
stock in forests formed in different location
of geochemically linked landscapes in the soil
layer of 0-30 cm and 30-100 cm (p=0.037):
20.3 t/ha and 14.2 t/ha in transit conditions,
respectively, and 55.9 t/ha and 39.2 t/ha in
autonomous conditions, respectively.

Carbon stock in soils of A11 functional for-
est type formed on soil-forming rocks of dif-
ferent mechanical composition in the Bryansk
forest area and on the Moskvoretsko-Okskaya
plain in similar, autonomous landscapes differ
in the litter and mineral layer 0-15 cm (Fig. 5).

(b) 70 -
60 -
50 |

40 4

L"ha

30 A

20 4

All BFA (sandy
loam)

All MO (clay loam)

0-15cm

Figure 5. Carbon stock in the forest litter (a)
and mineral layers of the soil (b, ¢) in FFT A11,
mt/ha. On the x-axis: L, FH — subhorizons of
the litter; 0-15 cm, 15-30 cm, 30-50 cm — soil
layers (mineral part)

E. V. Basova, N. V. Lukina, A. I. Kuznetsova, A. V. Gornov,

N. E. Shevchenko, E. V. Tikhonova, A. P. Geraskina,

11

T. Yu. Braslavskaya, D. N. Tebenkova, D. L. Lugovaya



ORIGINAL
RESEARCH

The carbon stock in the litter (subhorizon
FH) was higher in forests on sandy loam soils,
whereas in the mineral horizons of soils (in
layers of 0-15 cm, 15-30 cm, and 30-50 cm)
soil carbon stock was higher in forests on
loam. The maximum differences (almost 2
times) were found in the soil layer from 30 to
50 cm, and visible differences were also re-
vealed in the upper part of the mineral layer
(0-15 cm).

CONCLUSION

The quality of plant litter is an important
factor regulating the accumulation of soil or-
ganic matter and the dynamics of soil carbon
pools, and can be an informative indicator for
classifying forests according to the effective-
ness of their carbon cycle regulation function.

In coniferous-broad-leaved forests, a sig-
nificant proportion of plant litter is formed by
tree plants. The quality of tree litter affects
the accumulation of soil carbon in the forests
of this subzone. Based on the litter quality, the
plants of the tree layer can be divided into 4
main functional groups: deciduous trees with
rapidly decomposing litter, deciduous trees
with slowly decomposing litter, dark conifer-
ous and light coniferous trees.

In the subzone of -coniferous-broad-
leaved forests, both monodominant and poly-
dominant forest communities are common,
where species of different functional groups
are combined in the tree layer. Taking into ac-

count the various combinations of such spe-
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cies in the forest stands, 15 FFTs have been
preliminarily identified. All 15 FFTs were
found on the plains of the European part of
Russia; almost all similar FFTs were found in
the belt of coniferous-broad-leaved forests of
the Northwestern Caucasus. This paper only
demonstrates the differences in soil carbon
stock using direct measurements in forests
belonging to different FFTs and also using an
indirect assessment of soil richness based on
an ecological scale.

The influence of soil-forming rocks on
the accumulation of carbon in the soil was
confirmed: a difference in soil carbon stock
in forests of the same FFT on clay loam and
sandy loam soils was found. Differences in
soil carbon stock in forests formed at dif-
ferent location in the geochemically linked
landscape were also confirmed: in forests of
functional type A4 (with a predominance of
species of light coniferous trees) of transit
landscapes, soil carbon stock was higher than
that of autonomous landscape, but in forests
of functional type A9 (with a combination
of species of deciduous trees with slow and
rapidly decomposing litter), the influence of
the position in the geochemically linked land-
scape has not been revealed.

To verify the relationships between the
FFT and carbon stocks in soils found in this
study taking into account the mechanical
composition of soil-forming rocks and forest
location in the geochemically linked land-
scape, it is necessary to continue with using

more number of testing forest sites.
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AxkmyabHocmb u yeau. B ycnoBUsIX I7106a1bHOT0 U3MeHeHUs KJUMaTa KJIUMaToperyaupyouas GyHKIUs
JIeCOB 3aCJy>KHMBaeT 0c060ro BHUMaHMUs. [lo CUX NOp He cylecTBYeT GYHKIIMOHAJbHOM K1accupuKal My JecoB Mo
3¢ PeKTHBHOCTH BBINOJHEHUA UM GYHKLIMHM aKKyMYJISLIUMHU yriepoja. llesb faHHOM cTaTbU — 06CYAUTD MOAXO[,
K TaKoM KjaccuduKal My, OCHOBaHHbBIHM Ha OlleHKe KayecTBa JjpeBecHOro onaza.

0O6vexkmubl u Memodsl [l anpobanyu NoAxXo/ia K BblJlesieHUI0 QYHKIMOHANbHBIX TUNOB JyiecoB (PTJI) Ha
OCHOBe KayecTBa JipeBeCcHOr0 Olajia C y4eTOM NO3ULMHU B JaHAAdTe U MeXaHUYeCKOro CoCTaBa o4Boo6pasy-
IOLIMX TIOPOJ, UCIIOJIb30BaHbI JJAHHBIE 110 I0YBAaM U PaCTUTENbHOCTH, NI0JyYeHHble Ha 23 06bekTax, yHKLUOHU-
PYIOLIMX B II0/[I30HEe XBOHHO-IIMPOKOJIHNCTBEHHBIX JIeCOB eBpolelckoi yacTu Poccuu Ha TeppuTopuu BpsiHckoro
nosiecbss U MockBopelko-OKCkoM paBHUHBL [IJ11 KOCBEHHOM (10 3K0JIOTMYecKoH 1ikase J. JlaHLo/bTa C MOMO-
1bl0 IporpaMMbl SpeDiv) olleHKH pa3JMyKil B IOYBEHHOM 60OraTCTBe JIECOB, IPUHAAJIeXalluX K pasHbiM OTJ],
MpoaHaJU3UpPOBaH BUJI0BOM cocTaB 160 onucaHU pacTUTENbHOCTU JiecoB MockoBcko, BpsiHckoi, CMOJIEHCKOH,
Koctpomckoii o6s1actelt, KpacHogapckoro kpast 1 pecniy6yuku Aabires (CeBepo-3anagHbiii KaBkas).

Pe3ysibmambl. [IpyBefeHbl IpUMepbl GyHKIMOHAAbHBIX TUNOB Jjeca (PTJI) A1 XBOHHO-IUIHUPOKOJIUCTBEH-
HBIX JIeCOB eBponeiickol yacTu Poccuu. [lokasaHbl pa3/inuus B YypOBHE HaKOIIJIEHUs] IOUBEHHOIO YI/IepoJa MeX-
Zy pasHbiMu PTJI, a TakKe AaHa NpeJBapuTe/bHas OlleHKa BJIUSHUS MO3ULUM B JaHAA(TE U MeXaHUYEeCKOTo
COCTaBa M0YB Ha aKKyMYJ/IALIUIO yT/Iepo/ia B NoYBaxX OAHUX U Tex xe OTJI.

3aksaroueHue. Ha ocHOBe KauecTBa Ola/ila pacTeHUH JipeBecHOro sipyca BblAeseHo 15 OTJI, koTopble noA-
TBepX/JeHbl IPUMepaMy Ha OCHOBe re060TaHUYECKUX ONMCAaHUH JIECHBIX COOOIEeCTB, paCIpPOCTPAHEHHBIX B 30He
XBOHHO-IIMPOKOJIMUCTBEHHBIX JIECOB €BpoINeicKoi yacTh Poccuu U B mosice XBOHHO-IMPOKOJIUCTBEHHBIX JIECOB
CeBepo-3anaaHoro KaBkasa. [IpaBomepHocTb BbifiesieHUs1 OTJI o 3¢pPeKTUBHOCTU HAKOTJIEHUS YIJIepoJia B MO-
YBaX Ha OCHOBe KayeCTBa PaCTUTEJbHOI0 OMNaJa C Y4eTOM BJIMAHUS «BHEIIHUX PaKTOpOB» (MO3ULUsS B JaH[-
madTe U MeXaHUYeCKHH cocTaB NMOYBOOOPa3yoOLIMX OPOA) NMOATBEPXKAAeTCsl JaHHBIMY, NOJyYeHHbIMU Ha 23
06beKTax; OLleHKH 3allacoB yIJiepo/ia B IOUBE, a TaKXKe IOYBEHHOI'0 60TraTCTBa, OLleHEHHOTO 110 3K0JIOTM4ecKoi
111KaJle, BbISIBUJIM pa3/inyus Mex Ay BblfeseHHbIMU OTJI. BoisiBeHbI pa3/iMyus B 3aacax yrjiepoja B JJeCHBIX IKO-
cucTeMax B oAHOM U ToM ke PTJI, popMupyoLIMxCcsa Ha CYyTJIMHUCTBIX U CylecyaHblX TOYBOOOPA3YIOLIUX NOPOJAX.
[ToATBepK/ieHbl pa3MyKs B 3allacax IOYBEHHOTO yIVIepo/a B JlecaX, oTHocsuxcs K ogHoMy PTJI, Ho dopmupy-
IOIIUXCA HA Pa3HbIX O3ULMAX B JaHAA(Te; B TPAH3UTHBIX JaHAA(TaX 3anackl IOYBEHHOTO YI/Iepo/a Bhllle,
YyeM B aBTOHOMHBIX.

KiniloueBble CJI0Ba: X80UHO-WUPOKONUCMBEHHbLE /1eca, PYHKYUOHANbHAS Kadccudukayusl, PyHKYUOHATbHbIe
munul J1eca, 3anacsl y2/1epooa
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