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Abstract—This paper examines certain aspects of the ecological and geochemical specificity of forest ecosys-
tems in the Southern Sikhote-Alin within the natural habitats of ginseng (Panax ginseng). Using the territory
of the Verkhneussuriysky Biogeocenological Station of the FEB RAS (Primorye Territory) as a case study,
the patterns governing the formation of the macroelement composition (Al, Fe, Mn, Ca, Mg, K, Na, P) in
dominant plant species, soils, and forest litter are analyzed. The plants exhibit maximum accumulation of K,
Ca, P, and Mg, and minimal accumulation of Na. The average content of P and K in the analyzed plant sam-
ples surpasses world clarkes by a factor of 2—3 but is 7 times lower in Na content and up to 2.5 times lower in
Fe content. Ginseng is distinguished by an elevated content of Fe, Na, and Al, and weak accumulation of Mn
and Mg. The element accumulation by plants is closely related to their life form. More actively, woody species
accumulate Al and Mn, shrubs accumulate Ca and Mg, while herbaceous species accumulate Na. Compared
to world soil clarkes, the soils of the study area are enriched in Na, P, and Mn (by a factor of 1.7—2) but are
slightly deficient in Al content (by a factor of 1.3). The accumulation order of chemical elements in soils is
headed by Al and Fe, and finished by P and Mn. The litter is characterized by the highest Ca content, which
is almost 1.5 times higher than its level in plants and up to 2 times higher than in soil. As for other macroele-
ments, litter is from 3 (Mg, Mn) to 9—10 times (Na, Al) inferior to their content in soils. Compared to plants,
the litter is significantly enriched in Al and Fe (up to 40 times or more), as well as Na (up to 20 times), but is
close to them in Mg content.
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INTRODUCTION

The work was carried out on the territory of the
Verkhneussuriysk forest station of the Federal Scien-
tific Center of Biodiversity of the Far Eastern Branch
of the Russian Academy of Sciences as part of a study
of the natural habitats of a relict rare plant of the Rus-
sian Far East—true ginseng (Panax ginseng CA
Meyer). The species is listed in the Red Data Books of
the Russian Federation [2024] and Primorsky Krai
[2008] with the status of being critically endangered.
Due to the great rarity of the species, information
about taiga ginseng remains extremely limited, and
data on the ecological characteristics of natural habi-
tats are fragmentary. Conservation measures, includ-
ing the selection of sites most favorable for reintroduc-
tion and forest cultivation, as the main methods of

preserving ginseng, are complicated by the lack of cri-
teria for optimal habitats. [Zhuravlev et al., 2003;
Fedina, Burundukova, 2020].

According to the available literature data, the
chemical properties of soils, including the content of a
number of macroelements (Ca, Fe, S, Mg, Al, etc.),
under conditions of forest cultivation of the genus
Panax L. have a positive effect on plant growth, accu-
mulation of biomass and an increase in medicinal
compounds in the root [Kim et al., 2015; Thyroff,
Griscom, 2019; Pang et al., 2025; Hei et al., 2025]. In
some cases, litter from certain tree species is used to
optimize soil parameters under ginseng cultivated in
forests [Sun et al., 2017].

The aim of our research was to determine the char-
acteristics of the macroelement chemical composition
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of the predominant plant species and soils of the forest
ecosystems of the station, as one of the original habi-
tats of natural ginseng.

The station was established in 1973 in the Pravaya
Sokolovka River basin (a fourth-order right tributary
of the Ussuri River) as a monitoring site for conduct-
ing routine observations of typical mountain forests in
the southern part of the Sikhote-Alin and comprehen-
sive biogeocenotic studies of the area. Over the many
years of the station’s existence, the cenotic and floris-
tic composition of vegetation, the characteristics of
the soil cover and other biotic components of ecosys-
tems, as well as the characteristics of the water regime
of local watercourses and the climatic conditions of
the territory were studied in detail. The research
results are summarized in numerous monographs and
collections, scientific journals, dissertations, pub-
lished mainly in the 70—80s of the 20th century and
the beginning of the 21st century. Currently, active
research has been resumed at the station to study the
features of the global biogeochemical cycle in forest
biogeocenoses [Gladkova et al., 2025].

Physical and Geographical Features of the Territory

According to the geobotanical zoning of B.P.
According to Kalesnikova (1961), the research region
belongs to the Far Eastern (Manchurian) province of
cedar-broadleaf and oak forests of the East Asian
coniferous-broadleaf region and is part of the Upper
Ussuri Mountain-Plain District of cedar and spruce-
broadleaf, oak and broadleaf (linden) forests. Soil
cover according to the classification of G.I. Ivanova
(1964, 1976) corresponds to the Far Eastern brown
mountain-forest soils of coniferous-broad-leaved for-
ests and mountain brown-taiga and mountain-
podzolic soils of dark coniferous forests.

About 98% of the territory of the Verkhneussuriysk
Station (VUS) is covered by forests. The station is
characterized by a high diversity of forest formations,
due to the highly dissected mountainous terrain (444—
1108 m asl), formed predominantly by low- and mid-
mountain massifs of the Southern Sikhote-Alin with
an average elevation of 500—800 m asl

Detailed and most recent area studies of the vege-
tation of the Verkhneussuriysk station were carried out
in the early 20s of the current century, including the
compilation of a geobotanical map of forest vegetation
at a scale of 1 : 25000 and a model of the spatial struc-
ture of the forest territory of the station was developed
[Yakovleva, 2010]. According to the data obtained, the
largest area of the station is occupied by cedar-dark
coniferous forests with woolly birch, confined to gen-
tle slopes of shady exposures. The steep southern
slopes and convex small peaks are covered with oak-
cedar forests, while the western and eastern slopes,
with moderate heat and humidity, are covered with
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broadleaf-dark coniferous-cedar and dark coniferous-
cedar forests with a large proportion of shrubs.

The soils of the station attracted the attention of
many researchers, including such famous soil scien-
tists as S.V. Zonn (1906—2002), A.P. Sapozhnikov
(1933—-2010) and others. The bulk of soil studies of the
area were carried out in the first decades of the sta-
tion’s operation, and the results were summarized in
numerous collections from the 70s and 80s of the
20th century. The results of the first area soil survey
are presented in the article by G.I1. Gavrenkova [1977].
The author identified 4 types of soils: mountain-forest
brown soils on deluvial deposits of mountain slopes
under coniferous-broadleaf forests, brown taiga illu-
vial-humus soils on alluvium and deluvium of slopes
and tops of watersheds under dark coniferous fir-
spruce forests, primitive soils of tops of watersheds and
mountain-valley soils on alluvial deposits under valley
cedar and elm-ash forests.

Modern soil mapping of the station territory
[Bugayets et al., 2021] showed that more than half of
its territory (54%) is covered by mountain-forest
brown soils (typical brown soils according to the mod-
ern classification [Classification..., 2004]) under
cedar-broadleaf forests with spruce, underlain by
limestone deluvium. They occupy the middle and
upper parts of the slopes. On the more gentle middle
parts of the slopes, mountain-forest brown podzolized
soils (podzolized burozems) on eluvial-deluvial
deposits predominate, confined to cedar-broadleaf
forests with linden (9% of the territory). The second
most common soil types in the territory of the station
(18% of the area) are mountain brown-taiga illuvial-
humus non-podzolized and podzolized soils
(rzhavozems, coarse-humus illuvial-humus typical
and podzolized) under dark coniferous forests
(spruce-fir with cedar and ferns). They are typically
found on the summits of watersheds and steep slopes
in the upper and middle parts of mountains. The
underlying rocks in these conditions are eluvial and
eluvial-deluvial rubble deposits.

RESEARCH MATERIAL
AND METHODOLOGY

Two temporary sample plots (SPs) of 500 m? each
were established on the territory of the research sta-
tion: SP 1—in the basin of the Berezovy Stream (mid-
dle part of a northeast-facing slope of moderate steep-
ness), and SP 2—in the basin of the Pravaya Sokolovka
River (middle—upper part of a steep southeast-facing
right slope).

At each test site, geobotanical descriptions of vege-
tation were made and plant and soil samples were col-
lected for chemical analysis. For phytochemical anal-
ysis, assimilation organs of edificators and dominants
of plant communities were selected, including the
above-ground phytomass of herbaceous plants, as well
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as leaves and needles of tree-shrub species, as indica-
tors of the annual accumulation of elements. Each
sample consisted of a mixed plant sample containing
5-10 individuals of each species. For woody plants,
samples were taken from the lower part of the crown,
and for shrubs, from the middle part of the bush. To
study the chemical composition of the grass and soils,
10-meter plots were laid out in two directions: 5 sites
on the slope and 5 along the slope. On each of them,
the entire grass stand (hereinafter referred to as mown
grass stand) was cut to account for the phytomass and
subsequent elemental analysis of its composition, and
litter and a soil sample to a depth of 0—15 (20) cm were
also taken for analysis.

Among herbaceous plants, in addition to the dom-
inant species, companion species of ginseng found in
the test area were also taken for analysis [ Grushvitsky,
1961]. Due to the rarity and value of the material being
studied, ginseng leaves were collected for analysis in
the minimum required quantity and dried as herbar-
ium specimens. For chemical analysis, air-dried
mixed samples of 7—10 leaves were used.

The testing was carried out after a 4-5-day rainless
period, at the end of the growing season (before the
leaves began to turn yellow), corresponding to the time
of maximum accumulation of elements. The samples
were then dried to an air-dry state and crushed. A
mixed sample was taken from the obtained material for
chemical analysis. The mown grass stand of meter-
sized plots was weighed in wet and air-dry states.

A total of 55 plant samples, 44 forest litter samples
and soil samples were collected and analyzed for ele-
mental composition.

Chemical analysis of the collected material was
performed in Primorsky Center for Local Elemental
and Isotope Analysis of the Far Eastern Geological
Institute, Far Eastern Branch of the Russian Academy
of Sciences, Vladivostok. Accreditation certificate
No. RU.ILC.1.1315.27.

The elemental composition of plant and soil sam-
ples (Al, Fe, Mn, Ca, Mg, K, Na, P) was determined
by inductively coupled plasma atomic emission spec-
trometry (ICP-AES) using an iCAP 7600 Duo spec-
trometer (Thermo Scientific, USA). Sample prepara-
tion of the plant material involved microwave diges-
tion with HNO;, while soil samples were digested with
a mixture of acids (HCIO, + HNO; + HF).

Statistical processing of the obtained analytical
data was carried out using the standard software pack-
age Microsoft Excel and STATISTICA 13.

RESULTS
Vegetation Features of the Sample Plots

Test plot 1. Broadleaf-dark coniferous-cedar forest
with birch and linden, liana-maple-mixed shrubs,
forbs, ferns. Composition of the forest stand:
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2K2Lt4Bzh1Pts1Ea + Kl, where K is Korean cedar,
Lt is Take linden, Bzh is yellow birch, Pc is whole-
leaved fir, Ea is Ayan spruce, Kl are different types of
maple.

The territory of the trial plot was covered in the
1960s by selective logging (mainly cedar pine was cut
down). The stand is mixed, the overall density is 0.5—
0.6. The main forest-forming species are Korean
cedar, or Korean pine (Pinus koraiensis Siebold et

Zucc.!), Abies holodets (dbies holophylla Maxim.),
ribbed birch, or yellow birch (Befula costata Trautv.),
linden Take (Tilia taquetii CK Schneid.). The Ayan
spruce is also represented singly (Picea ajanensis
(Lindl. et Gord.) Fisch. ex Carr.), elm (elm) lobed
(Ulmus laciniata (Trautv.) Mayr). The lower sub-tier is
dominated by elm and ukurundu, or yellow, maples
(Acer ukurunduense Trautv.), as well as mono, or
small-leaved (A. mono Maxim.). There are isolated
specimens of Maak’s bird cherry (Padus maackii
(Rupr.) Com.).

The shrub layer is well defined, and the density in
some areas of the sample plot reaches 40-50%. It is
formed mainly by bearded maple (A. barbinerve
Maxim.), spiny berry (FEleutherococcus senticosus
(Rupr. et Maxim.) Maxim.) and mock orange (Phila-
delphus tenuifolius Rupr. et Maxim.). There are iso-
lated bushes of Manchurian currant (Ribes mandshuri-
cum (Maxim.) Kom.) and Maksimovich (R. maximov-
iczianum Kom.), as well as Amur barberry (Berberis
amurensis Rupr.).

The bushes are intertwined with numerous vines of
two species—actinidia kolomikta (Actinidia kolomikta
(Maxim.) Maxim.) and Schisandra chinensis (Schisan-
dra chinensis (Turkish) Baill.), which sometimes form
dense thickets that are difficult to penetrate.

The average projective cover of the herbaceous
layer is 20—25%. It is formed by ferns (Adiantum peda-
tum L., Gymnocarpium dryopteris (L.) Newm.),
Dryopteris crassirhizoma Nakai), which dominate the
herbage. Other species include the filamentous thalic-
trum (Thalictrum filamentosum Maxim.), New Man-
churian Line (Neomolinia mandshurica (Maxim.)
Honda), missed ripeness (Cacalia praetermissa
(Pojark.) Pojark.), Clintonia udica (Clintonia udensis
Trautv. et Mey), Selkirk violet (Viola selkirkii Pursch
ex Goldie), common wood sorrel (Oxalis acetosella 1..),
heart-leaved two-petal (Circea cordata Royle) and a
whole range of other species with single participation,
including ginseng.

Air-dry weight of grass stand of a 1 m? area makes
up, on average, 5.0 g (varies across 10 survey sites from
1.8 to 10.7 g; variation coefficient—56%). The average
natural moisture content of the grass stand is 24%
(varies from 13 to 40%; variation coefficient is 31%).

! The names of plants are given according to the summary “Vas-
cular plants... [1985—1996]”.
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Table 1. The content of macroelements in plants of the Verkhneussuriysk station

Content of chemical elements in plants
Statistical indicators (mg/kg dry matter)

K Ca Mg Mn Al Fe Na
Average content in woody plants 9832 9557 2048 1517 292 196 84 34
(n=12)
Average content in shrub spe- 28869 28779 3411 3268 258 93 116 53
cies (n = 10)
Average content in woody vines | 31554 17281 2787 2673 116 46 48 47
(n=2)
Average content in mown grass 30001 17689 3499 2879 102 134 118 64
(n=12)
Overall average content (n = 55) | 25309 17166 3124 2623 185 119 99.3 68.4
+ SEM + 1458 + 1115 + 142 + 118 +28 +15 +5.1 +6.4
Minimum content 5333 2836 1305 824 40 18 33.7 1.1
Maximum content 49702 35776 7294 5063 1325 573 212.1 230.5
Coefficient of variation, % 43 48 33 114 91 38 69

Test plot 2. Broadleaf-dark coniferous-cedar forest
with liana-mock orange-variegated shrubs, sparse
ground cover and grassy cover. Composition of the
forest stand: 3K3Bzh2L.alEalPts.

The overall density of the stand is 0.4—0.5. The for-
est stand is represented by Korean cedar, ribbed birch,
Amur linden (7ilia amurensis Rupr.) with occasional
participation of Ajan spruce and Abies holodeckii.
The lower sub-tier is formed by mono- and green-
barked maples (Acer tegmentosum Maxim.). The
undergrowth is dominated by fir, cedar pine, lobed
elm, and mono maple. Many drying specimens of
Ayan spruce up to 5 m in height have been noted.

The shrub layer is well defined and abundantly
intertwined with vines. The most common plant in the
trial plot is the thin-leaved mock-orange, which forms
continuous thickets in certain areas of the trial plot.
Much less frequently found in the test area are other
species: bearded maple, prickly freeberry, Manchu-
rian hazel (Corylus mandshurica Maxim.), Manchu-
rian and Maximovich currants, golden-flowered hon-
eysuckle (Lonicera chrysantha Turcz. ex Ledeb).
Among the vines, the following are noted: Chinese
magnolia vine, actinidia kolomikta and Amur grape
(Vitis amurensis Rupr.). The abundance of vines
increases higher up the slope (at the upper boundary
of the test plot).

The total projective cover of the herbaceous layer
does not exceed 15 (20)%, decreasing in some areas to
10% or less. The species composition of the grass stand
is represented by the following species: cut twig (Rhab-
dosia excisa (Maxim.) Hara), common touch-me-not
(Impatiens noli-tangere L.), missed unripeness (Caca-
lia praetermissa (Pojark.) Pojark.), Asian frima
(Phryma asiatica (Hara) Probat.), Dahurian bedstraw
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(Galium davuricum Turcz. ex Ledeb.), New Manchu-
rian Line, common wood sorrel (Oxalis acetosella 1..),
maidenhair fern (Adiantum pedatum), Maynik two-
leaved (Maianthemum bifolium (L.) FW Schmidt).
Single specimens of the thick-rhizome shield fern
(Dryopteris crassirhizoma), common golokuchnik
(Gymnocarpium dryopteris), black cohosh (Actaea
acuminata Wall. ex Royle), heart-leaved madder
(Rubia cordifolia L.) and a number of other species.

Along a geological fissure with a temporary water-
course, running along the eastern side of the test area,
narrow-leaved nettle grows abundantly (Urtica angus-
tifolia Fisch. ex Hornem.), common touch-me-not,
Amur leptorumora (Leptorumohra amurensis (Christ)
Tzvel.).

Average air-dry weight of grass stand ofa 1 m m m
mm?is 8.0 g (varies across sites from 3.5 to 11.6 g; vari-
ation coefficient is 34%). The average natural mois-
ture content of the grass stand is 23% (varies in the test
area from 14 to 29%; the variation coefficient is 18%).

According to the 1 : 50000 digital soil map of the
Verkhneussuriysk station territory [Tereshkina et al.,
2019], mountain-forest brown soils (according to the
modern classification—typical brown soils) are wide-
spread in the test plots.

FElemental Composition of Plants

Statistical indicators of the macroelement compo-
sition of the analyzed sample of plants are given in
Table 1.

Maximum contents were found in the content of K
and Ca—some of the main chemical components of
living matter on land. The greatest range of values,
according to the data in Table 1, is characteristic for
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Fig. 1. The content of elements in different life forms of plants. D—trees, K—shrubs, D.l.—woody vines, T—mown grass stand,

P—average content of VUS in plants.

the content of Mn and Al. Moreover, the maximum
Mn content was recorded in the leaves of Manchurian
hazel, and the minimum in the above-ground phyto-
mass of filamentous meadowsweet at SP 2. The high-
est Al content is found in the needles of Abies solifola
(SP1), the minimum is found in the leaves of Aralia
elata (Aralia elata (Miq.) Seem.) on the territory of the
hospital base. It is also interesting to note that ginseng
(family Araliaceae Juss.) is the leader among the tested
plant samples in terms of accumulation of Na and Fe
(SP 2), and Clintonia udica (family Asparagaceae
Juss.)—K, Ca and Mg (SP1).

The elemental composition of plants, as our studies
have shown, depends not only on the species compo-
sition, but also on the life form of the plants (Fig. 1).

The ecological and geochemical characteristics of
the tree species in the study area are expressed in a
greater accumulation of Al and Mn, shrubs—Ca and
Mg, and herbaceous species—Na. Lianas accumulate
K, Ca and Mg only relative to trees, but have the low-
est contents of Al and Fe.

Using the data we obtained on the biomass of the
grass stand of the mown areas, the balance of macro-
nutrients in grams per 1 hectare of forest areca was cal-
culated. It can be represented by the following ranked
series in decreasing order of mass of elements (g/ha):
K (1216) > Ca (749) > P (149) > Mg (118) > Al (6.4) >
Fe (5.1) > Mn (4.2) > Na (0.42). These indicators are
in full agreement with the previously obtained materi-
als of A.F. Kostenkova [1984]. It indicates a high con-
tent of potassium (up to 0.31 kg/ha) and calcium (up
to 0.38 kg/ha) in the ground cover of VUS and mini-
mal accumulation of sodium (0.009 kg/ha).

CONTEMPORARY PROBLEMS OF ECOLOGY Vol. 19

Ecological and Geochemical Specifics
Leaves Panax Ginseng

The specificity of the chemical composition of gin-
seng was assessed both in relation to the elemental
composition of the VUS vegetation as a whole, and in
comparison with herbaceous species, including its
companion species and the general composition of the
grass stand (using the example of mown areas). It was
found that ginseng differs from the general macroele-
ment composition of VUS vegetation by its increased
content of Fe and Na (almost 2 times), Al (1.6 times),
but is up to 3 times inferior in the amount of Mn and
up to 1.5 times inferior in Mg.

It is also interesting to note that ginseng, in com-
parison to woody plants, only slightly accumulates K
and P, but is significantly inferior to them in Mn
content, which is quite consistent with the ecologi-
cal and chemical characteristics of herbaceous
plants in general.

The similarity of the macroelement composition of
ginseng with herbaceous species is most clearly
expressed in the close content of K, Ca, Na and P. Its
species specificity was manifested in the enrichment of
Fe and Al and the dispersion of Mn and Mg. At the
same time, relative to the mown grass stand, ginseng
accumulates Na (almost 2 times), Al and Fe (up to
1.5 times), but disperses Mg and Mn (up to 1.7 times).
Similar patterns were obtained when comparing gin-
seng with its herbaceous companion species, with the
only difference being that it even more actively accu-
mulates Al (2.6 times) and Fe (1.8 times) and disperses
Mn and Mg (almost up to 2 times).

Among companion species, the closest associative
links, regardless of habitat conditions, were estab-
lished in Panax ginseng with the following types: Oxalis

No.6 2026
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Fig. 2. Dendrograms of associative relationships of the chemical composition of ginseng and its companion species on SP 1 (a)
and SP 2 (b). (1) Panax ginseng, (2) Adiantum pedatum, (3) Maianthemum bifolium, (4) Neomolinia mandshurica, (5) Oxalis ace-
tosella, (6) Phryma asiatica, (7) Thalictrum filamentosum, (8) Viola selkirkii, (9) Clintonia udensis, (10) Galium davuricum.

acetosella, Maianthemum intermedium and Phryma
asiatica (Fig. 2).

If we compare the species of the Araliaceae family
(Aralia elata (Miq.) Seem., Eleutherococcus senticosus,
Panax ginseng) with the rest of the species composition
of plants, their phytogeochemical specificity is mani-
fested in a significant enrichment of Ca (1.6 times) and
an insignificant accumulation of Fe, P and Na (up to
1.3 times) with a simultaneously lower content of Mn
(up to 1.4 times). At the same time, Araliaceae are
identical to the other species in the sample in terms of
Al, K and Mg content.

Elemental Composition of Soils

According to the data obtained, the chemical com-
position of soils is more stable compared to plants.
The variability of the content of elements depending
on the sampling location does not exceed 30% (Ti).

The main statistical indicators of chemical elements in
the studied soils are given in Table 2.

In contrast to plants, the highest contents are
recorded in the content of Al and Fe—elements that
dominate the chemical composition of the continental
crust.

Correlation analysis performed for the composi-
tion of macroelements in VUS soils allowed us to
establish the closest positive relationships between the
following elements: Ti and Fe (r = 0.95), Ti and Mg
(r=0.91), Mg and Na (»=0.91).

Elemental Composition of Litter

The average content of macroelements in litter (in
mg/kg dry matter) can be represented by the following
descending order: Ca (24828) — Al (5374) — Fe
(4280) — K (3135) —»> Mg (2493) —» P (1544) > Na
(1161) = Mn (605). It should be noted that the litter in

Table 2. The content of macroelements in the soils of the Verkhneussuriysk station

o Content of chemical elements in soils
Statistical (mg/kg dry matter)
indicators
Al Fe total K Ca Na Mg Ti P Mn
Average content 56041 34670 16868 13259 10574 7846 5210 1763 1717
(n=12) * error + 671 + 1548 + 407 + 882 + 388 + 510 + 459 + 6l + 34
of the mean
Minimum content| 50603 26492 14599 9424 8793 5590 3063 1421 1478
Maximum content| 5897 43688 19136 17889 13000 11409 8039 2067 1922
Coefficient of vari- 4 15 8 22 13 23 30 12 7
ation, %
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 19 No. 6 2026
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Fig. 3. Comparative assessment of the content of elements in soils (P) and plants (P) of sample plots 1 and 2.

the test plots was predominantly coniferous and decid-
uous.

The highest variability across the survey sites was
noted for the Fe content (1713—11625 mg/kg): the
variation coefficient was 76%. The most stable values
are for Ca (28320—22617 mg/kg) and P (1703—
1365 mg/kg): variation coefficients are 7 and 8%,
respectively.

An analysis of the quantitative ratio of elements in
litter and surface soil horizons indicates that most of
the compared elements are dispersed in litter from 3
(Mn, Mg) to 8—10 times (Fe, Na, Al). There are 2
exceptions to this rule: P—with similar contents in lit-
ter and soil, and Ca, the concentration of which in lit-
ter is almost 2 times higher than its level in soil. It is
also interesting to note that Ca turned out to be the
only element whose content in litter was higher, both
relative to soil (2-fold) and plants (1.5-fold).

If we compare the quantitative composition of ele-
ments in litter and in plants, then litter exceeds plants
in most of the analyzed elements. These excesses are
especially significant in the content of Al—up to
40 times in grass and almost up to 38 times in the
leaves and needles of woody plants and shrubs, as well
as Fe—up to 36 and 46 times, respectively. In addition,
a 20—30-fold accumulation of Na and a 4-fold accu-
mulation of Mn were noted in the litter. Close values
between litter and plants were recorded only in the Mg
content: 2493 mg/kg in litter and 2623 mg/kg accord-
ing to average values in plants. However, litter is infe-
rior to plants in P content up to 2 times, and also K—
up to 6 times in woody plants and up to 10 times in her-
baceous plants.

CONTEMPORARY PROBLEMS OF ECOLOGY Vol. 19

Comparative Ecological and Geochemical Assessment
of Test Plots

A general analysis of the data obtained for the two
surveyed test plots made it possible to establish some
differences not only in location and geomorphological
features, vegetation composition, as shown above, but
in a number of cases also in the amount of macroele-
ments contained in soils and plants. For example,
approximately half of the analyzed composition of ele-
ments in SP 2 soils exceeds, to varying degrees, the
same elements that form the composition of SP 1 soils
(Fig. 3). The maximum superiority was noted for Ti—
almost twofold. To a lesser extent, this pattern holds
true for Fe, Mg and Ca—1.3—1.4 times higher. Only
the contents of Al, Mn and K were stable.

Somewhat different patterns were noted when ana-
lyzing the macroelement composition of plants
(Fig. 3). Vegetation SP 1 accumulates Mn more
actively (up to 1.6 times) and less significantly K
(1.3 times); SP 2—Na (1.4 times) and Al (1.3 times).
The greatest differences are observed in tree and shrub
species: more than 2-fold excess of Mn in SP 1 and Na
in SP 2. Herbaceous plants (mown grass stand) SP 1
exceed SP 2 grasses in Na and Mn content (up to
1.7 times), but are inferior in Ca content (1.5 times).
Only the contents of Fe, Mg, K and P in plants from
different habitats were practically the same. It should
be noted that the P content was stable in both plants
and soils.

Ginseng leaves in SP 2 environmental conditions
more actively accumulate all analyzed elements except
K and P, but the maximum is Na (19 times) and Al
(6 times). Next come Fe (2 times), Mg (1.7 times), Mn
(1.5 times) and Ca (1.3 times).

Half of the studied elements in the litter samples at
SP 2 also had higher chemical indices than in the SP 1
samples, including: Fe—more than 2 times; Na, Al
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Table 3. The intensity of accumulation of chemical elements by plants of the Verkhneussuriysk station

SHIKHOVA et al.

Biological gbsorption series Elements KBP* KBN

of chemical elements* SP1 SP2
Strong biological accumulation P n X 10—n x 100 2.2 1.6
Strong biological accumulation Na n—nx10 1.6 2.1
Strong biological accumulation Mg n—nx10 1.5 2.2
Average biological capture Ca n—nx10 0.45 0.13
Weak biological capture Mn 0,n—n 0.11 0.06
Very weak biological capture K n—nx10 0.007 0.005
Very weak biological capture Fe 0,n 0.003 0.003
Very weak biological capture Al 0,n—0.0n 0.002 0.002

* Classification by A.I. Perelman [1979].

and Mg—about 1.5 times. The contents of Ca and P
were equal, and K and Mn were close.

Intensity of Biological Accumulation
of Chemical Elements

To assess the intensity of accumulation of ele-
ments, the biological accumulation coefficient (BAC)
was used. It is calculated as the ratio of the element’s
content in the plant to its content in the soil. Summa-
rized data on the KBN of VUS plants are given in
Table 3.

In the sample of plants we compared, the CBN
changed over a wide range of values: from 0.001 (Al) to
2.7 (Na). According to the “Series of biological
absorption of chemical elements by living organisms
on land” in the geochemical classification of A.Il.
According to Perelman [1979], these indicators corre-
spond to elements of weak biological capture (Al) and
strong biological accumulation (INa).

Trees and shrubs, compared to herbaceous species,
more actively accumulate Mn (2.2 times) and Ca
(1.6 times) from the soil, while grass stands accumu-
late Na (1.9 times) and K (1.4 times).

Among the species composition of plants, the
highest values of KBN on SP 1 were noted in Clinto-
nia udica in the accumulation of P (KBN = 4.6) and
Ca (KBN = 0.8). Under these conditions, Korean
pine accumulates Mn (CBP = 0.52) and Al (CBP =
0.010) more intensively than other tested species, fila-
mentous meadowsweet accumulates K (CBP =0.017),
and Manchurian currant accumulates Fe (CBP =
0.006). At SP 2, the maximum CBN were recorded in
Manchurian currant in the accumulation of Mg (CBN
= 3.7) and Na (CBN = 3.3), and in thin-leaved mock
orange—P (CBN = 2.6). Common wood sorrel and
Maximowicz’s currant accumulate Mn more actively
than other species: KBN = 0.15 and KBN = 0.14,
respectively. In addition, wood sorrel, along with the
mown grass stand, showed high accumulative capacity
for Ca (KBP =0.2).

Ginseng primarily accumulates P (KBN = 2.3), Na
(KBN = 2.1), Mg (KBN = 1.8) from the soil. More-
over, the intensity of P accumulation is the highest
among the compared sample of plants. Particularly
active accumulation of P was noted at SP 1 (KBP =
2.6), and Na (KBP = 2.6) and Mg (KBN = 2.2)—at
SP 2. In addition, ginseng on SP 2 absorbs Fe (KBN =
0.005) and K (KBN = 0.015) to the maximum among
the tested floristic composition, which is 2 and 3 times
higher, respectively, than the average values of the
coefficient for the test plot.

DISCUSSION

Basic Patterns of Formation
of the Elemental Composition of Plants

Judging by the available literary data [Bowen H.,
1966; Romashkevich E.A., 1988; Dobrovolsky V.V.,
1998] and the spectra of element contents shown in
Fig. 4, the plants of the station exceed the world
clarkes in potassium (2—3 times) and phosphorus
(almost 2 times), but are significantly inferior to them
in the content of sodium (7—17 times relative to the
clarke values given by different authors) and iron (up
to 2.5 times).

The established distinctive features in the accumu-
lation of elements by different life forms of plants are
largely determined by the sizes of their above-ground
and underground organs and, consequently, the dif-
ferent areas of interaction with the environment and
the potential for the accumulation of chemical ele-
ments, as well as the species-specific biogeochemical
specificity of plants.

If we compare woody plants (trees, shrubs, vines)
and herbaceous plants (Table 1, Fig. 1), the greatest
differences are observed in the significant accumula-
tion (up to 2 times) of Mn in woody plants (125 mg/kg
versus 263 mg/kg), and Na in herbaceous plants
(43 mg/kg versus 88 mg/kg). To a lesser extent
(1.5 times), this pattern is preserved in woody plants in
relation to Al, and in herbaceous plants—for K.
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Fig. 4. Spectra of chemical elements in VUS plants (solid line) relative to their clarke values (dashed lines).

The high content of Mn in woody plants (especially
conifers) is usually associated with the high content of
tannins—tannins that activate intracellular metabo-
lism and regulate the oxidation-reduction processes of
these species [Levanidov L.Ya., Davydov S.T., 1961].

According to the results of studies of herbaceous
plants, mown grass and ginseng companion species
differ little in the activity of macronutrient accumula-
tion. However, when assessing the characteristics of
accumulation of chemical elements by herbaceous
plants in general, the mown grass stand is a more accu-
rate indicator of the ecological and geochemical con-
ditions of the environment.

It is also interesting to note that ginseng leaves
under VUS conditions, compared to our previously
obtained data on the elemental composition of leaves
in several natural ginseng populations in Primorsky
Krai [Shikhova et al., 2020], significantly exceed them
in P content (3914 mg/kg under VUS conditions and
1100 mg/kg on average for Primorsky Krai) and, less
significantly, K (29555 and 21000 mg/kg, respec-
tively). At the same time, they are inferior in terms of
Ca content (18500 mg/kg in the VUS territory and
36000 mg/kg on average in Primorye) and Mg (1717
and 2200 mg/kg, respectively). This demonstrated the
population geochemical specificity of ginseng in the
territory of the hospital.

Regional Features of the Elemental Composition
of Soils VUS

Unfortunately, from the extensive database of liter-
ary sources on vegetation and soils of VUS, published
mainly in the 70—80s of the 19th century, there was
very little data that could be used for comparison with
what we obtained. There are many reasons for this:
primary data on many of the test plots established
when the station was founded have been lost; special-
ists who worked at the station for many years and who
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could have provided the necessary clarifications have
passed away; chemical analysis methods and sensitiv-
ity have changed significantly, leading to significant
errors when comparing results, etc.

To compare our results with similar data from other
researchers, we nevertheless used some literary
sources. In the monograph of the famous Far Eastern
soil scientist G.I. Ivanova [Soil formation..., 1976]
provides materials on the gross composition of soils in
Primorsky Krai and the southern part of the Far East.
According to the data of the monograph, the soils of
the station are inferior in the gross composition of
most elements (especially Na,Oh, Al,O;, Fe,03) 1.5—
2 times higher than the mountain brown forest soils of
the Far East, surpassing them only in content P,O5 (up
to 1.5 times).

To assess the iron content in the soils of the station
and other regions, data from the general monograph
by S.V. Zonna [Iron..., 1982]. According to the mate-
rials contained in it, the total content of Fe, depending
on the type of soil and genetic horizon, varies over a
wide range of values: in soils of the world—within
0.92—52.5%, in soils of the Far East—4.39—7.58%.
Our statistical analysis of the factual material con-
tained in the monograph on the accumulation of Fe in
the upper horizons of soils around the world showed
that its average content (52 values) is 9.46% and varies
from 0.65% to 18.3%, which is almost 3 times higher
than the average Fe content in VUS soils and up to
4 times higher than the maximum values.

Figure 5 shows the spectrum of macroelements of
the soils we studied and the clarke constants for soils of
the world according to data from different authors.

It should be noted that at present, a unified global
reference soil standard has not yet been developed, nor
has a regional soil standard for Primorsky Krai. For a
comparative assessment of the obtained data, the
Clark of the world soils of A.P. is most often used.
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Vinogradov [1957] and its variants, slightly modified
in a number of elements, presented in the works of
other authors [Beus et al., 1976; Sklyarov et al., 2001;
Sheudzhen, 2018, etc.]. If we compare the content of
elements in the soils of the station with the clarkes of
the world’s soils, we observe a very significant enrich-
ment of P (2.2 times), Mn (2.0 times), Na (1.7 times),
and to a lesser extent K (1.3 times), but a slight deple-
tion of Al (1.3 times). The contents of Ca, Ti and Fe
are close to the clarkes of the world’s soils.

Regarding the assessment of the Mn content in the
soils of the stationary site, some clarification is neces-
sary. In the work of the Far Eastern soil scientist
V.1. Head [Contents..., 2010] provides, along with
10 microelements, the regional clarke of soils in the
Far East for Mn, which is 1510 mg/kg dry matter.
Consequently, the Mn content in the surveyed VUS
soils significantly exceeds the world soil clarke, but is
very close to the regional soil clarke.

When comparing the soils of the station with the
soils of Russia and neighboring countries [Kudrin,
1963; Beus et al., 1976] A similar quantitative compo-
sition was noted for most elements. The only excep-
tions are the contents of Pb, Mn and Ti, which are
1.5—2 times higher than the values given by the authors
for other Russian territories.

The differences found in the chemical composition
of soils and plants in the surveyed test plots (Fig. 3) are
due to a number of reasons. In addition to the above-
mentioned features of geomorphology and vegetation
composition, the primary reason may be some
uniqueness in the geological conditions of the com-
pared territories. It is known that the composition of
the parent rocks on which soils are formed largely
determines their chemical content.
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According to literary data [Triassic..., 2004], the
underlying rocks of the soils of SP 1 are represented by
deposits of the Norian stage of the Triassic (T;)—
sandstones, gravelstones, conglomerates, siltstones,
siliceous rocks. The soils of SP 2 are formed on the
rocks of the Okrainskaya suite of Jurassic deposits (J,_
, ok)—fractured sandstones, siltstones with fragments
and blocks of limestone, flint, gabbroids, siliceous
rocks, tuffs and lavas of basic composition.

Undoubtedly, the specified specificity of the com-
pared test plots was reflected not only in the formation
of the chemical composition of soils, but also of
plants. However, in our opinion, the composition of
the litter was influenced to a greater extent by the char-
acteristics of the species composition of the phyto-
cenoses of the sample plots.

A.P. points out the high content of Ca and P in the
litter of spruce-broadleaf forests of Southern Primo-
rye. Sapozhnikov [1973], but their total stock in litter
is determined by the species composition of the main
forest-forming organisms. For example, despite the
fact that Ca accumulates in the litter of all species, its
content in the coniferous litter of fir trees is higher
than in the leaf litter of linden, birch and oak. Unlike
Ca, the P content in the litter of coniferous and decid-
uous trees is almost the same. The accumulation of
Mg is observed only in the coniferous litter of spruce
and cedar, as well as in the leaf litter of birch.

Features of Biogenic Migration of Chemical Elements
in the VUS Territory

The concentration of elements in plants is ulti-
mately determined by the absorption capacity of
plants and the subsequent involvement of elements in
their metabolic and growth processes. According to
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the summary data contained in the Table 3, the stud-
ied area presents an almost complete spectrum of bio-
logical accumulation of elements—from very weak
biological capture (Al, K, Fe) to strong biological
accumulation (Mg, Na, P).

Some differences in the accumulation of elements
by plants under different growing conditions are note-
worthy: P, Ca, Mn and K are more actively accumu-
lated by plants on SP 1, which is characterized by a
large presence of maples in the tree stand and a mixed-
herb-fern lower tier, and Na and Mg—on SP 2, which
is characterized by sparse grass cover and a high pro-
portion of participation in the shrub layer mock
orange.

In general, in comparison with the geochemical
classification of A.I. According to Perelman [1979],
the composition of plants and soils studied by us,
VUS, accumulates Ca, Al and P from the soil less
(approximately by an order of magnitude), Fe much
less (almost by 2 orders of magnitude), but K espe-
cially less (by 2—3 orders of magnitude). Such differ-
ences are caused, in our opinion, to a large extent by
the different values used in calculating the indicators
of biological activity of plants. Classification of
A.I. Perelman’s model is based on data characterizing
the average chemical composition of the ash of living
organisms on the planet relative to the clarkes of the
solid earth’s crust. Our research is based on the air-dry
composition of plants and soils.

CONCLUSIONS

The patterns of formation of the macroelement
composition of plants, litter and soils of forest ecosys-
tems of the Verkhneussuri biogeocenotic station (Pri-
morsky Krai), as one of the characteristic places of
natural growth of real ginseng, were studied. Panax
ginseng) within the Southern Sikhote-Alin.

It was established that plants in the studied area
accumulate maximum K (25309 mg/kg dry matter),
minimum Fe (99 mg/kg) and Na (68 mg/kg); forest
litter accumulates Ca (24828 mg/kg) and Mn
(605 mg/kg), respectively. The soils showed the high-
est content of Al (56041 mg/kg) and Fe
(34680 mg/kg), but low content of P (1763 mg/kg)
and Mn (1717 mg/kg).

Compared with global clarkes, the studied floristic
composition is distinguished by an increased content
of K (up to 3 times) and P (2 times), but is inferior in
the content of Na (7 times) and Fe (up to 2.5 times).
The chemical composition of plants largely depends
on their biomorphic affiliation: woody species are
characterized by a high accumulation of Al and Mn,
shrubs by Ca and Mg, and herbaceous species by Na.
In this regard, when conducting comparative assess-
ments of vegetation cover, it iS more appropriate to
compare similar life forms of plants. When assessing
the characteristics of accumulation of chemical ele-
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ments by herbaceous plants, a more accurate indicator
of the ecological and geochemical conditions of the
environment is the mown grass stand.

The ecological and geochemical specificity of gin-
seng was manifested in comparison with the general
macroelement composition of the stationary vegeta-
tion in the increased content of Fe and Na (almost
2 times), as well as Al (1.6 times), but lower Mn (up to
3 times) and Mg (up to 1.5 times). When comparing
ginseng with herbaceous plants, a similar pattern in
the accumulation and dispersion of elements was
noted, but less pronounced in quantitative terms. Of the
herbaceous companion species of ginseng, the closest to
it in chemical composition are Oxalis acetosella, Maian-
themum intermedium and Phryma asiatica.

The soils of the station, relative to the clarke of the
world’s soils, are enriched with P (2.2 times), Mn
(2.0 times), Na (1.7 times), and slightly with K (1.3
times), but are somewhat inferior to them in terms of
Al content (1.3 times). In soils, to a greater extent than
in plants, heterogeneity in the macroelement compo-
sition of the two surveyed areas is observed. At SP 2,
compared to SP 1, an increased content of more than
half of the elements was recorded, especially Tiand Ca
(1.7—1.8 times), and to a lesser extent Fe and Mg (1.3—
1.4 times).

Forest litter significantly exceeds plants in the bal-
ance of most elements, especially in the amount of Al,
Fe and Na (20—40 times or more), but is inferior to
soils in all elements except Ca and P from 3 (Mn, Mg)
to 8—10 times (Fe, Na, Al). At the same time, litter is
close to plants in Mg content, and to soils in P content.
The Ca content in litter alone is 2 times higher than its
level in soil and up to 1.5 times higher than in plants.

The intensity of biological accumulation of ele-
ments by plants varies in a wide range of values: from
KBN = 0.001 (Al is an element of weak biological
uptake) to KBN = 2.7 (Na is an element of strong bio-
logical accumulation). Vegetation of the station com-
pared with the series of biological absorption of ele-
ments by A.I. Perelman [1979] found that Ca, Al and
P accumulate approximately an order of magnitude
less, Fe significantly less (almost 2 orders of magni-
tude), and K especially less (2-3 orders of magnitude).

Ginseng accumulates P (CBP = 2.3), Na (CBP =
2.1) and Mg (CBP = 1.8) from the soil more inten-
sively than other species, the values of which corre-
spond to elements of strong biological accumulation.
In addition, it accumulates K (KBN = 0.008) more
than 2 times more actively than other species and Fe
(KBN = 0.005) up to 1.5 times more actively.
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