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Status of populations and resource reserves of Bupleurum multinerve DC.
in various conditions of the Kazakh Altai

The results of population and resource studies of Bupleurum multinerve in the Kazakh Altai are presented for
the Southern and Southwestern Altai, including the Sarymsakty Ridge, Southern Altai Tarbagatai, Narym,
and Ivanovsky areas. The aim of the study was to conduct population and resource investigations of
Bupleurum multinerve under natural growing conditions in the Kazakh Altai. The floristic composition, mor-
phometric parameters, age structure, and resource reserves of the populations were studied. The upper altitu-
dinal limit of the species was established at 1300-2015 m above sea level, where it occurs in mountain-
steppe, foothill-shrub, mountain-forest, and subalpine plant communities. Under mountain-steppe conditions
in the Southern Altai, the species is a dominant component of the vegetation, with a density of up to 70.0%.
The vegetation cover of the studied communities reaches 100%, with herbaceous species forming its basis.
The studied populations of B. multinerve in the Southern and Southwestern Altai are normal and incomplete,
with an age spectrum showing a tendency toward left-sided asymmetry. The species is characterized by rela-
tively stable generative shoot height (coefficient of variation, 13.35-18.65%), high variability in the number
of generative individuals per unit area (25.0-36.9%), and the capacity for seed-based regeneration, as indicat-
ed by variation in the number of generative shoots (15.1-37.2%). The highest population densities were rec-
orded in mountain-steppe habitats on the Sarymsakty Ridge (75 individuals/m?) and in the Narym area
(50.0 individuals/m?). The commercial reserves of aboveground B. multinerve biomass in air-dry condition
were estimated at 72.02 tons on the Sarymsakty Ridge and 61.46 tons in the Narym area, with potential har-
vest volumes of 43.21 and 36.87 tons, respectively.

Keywords: Bupleurum multinerve, Southern Altai, Southwest Altai, association, population, species diversity,
abundance, age structure, resources.

Introduction

The problem of studying, using, and conserving biological resources under the modern conditions of a
changing world is not only a regional but also a geopolitical issue. At present, the relevance of comprehen-
sive research is increasing, based on the integration of various methods and approaches aimed at developing
a strategy for the sustainable use of plant resources. Such strategies should take into account not only the
demand for already harvested medicinal plant species, but also for new plant species, the harvesting volumes
of which are increasing or may increase in the coming years [1].

Among the promising wild medicinal plants in the flora of the Kazakh Altai from the Apiaceae family
is Bupleurum multinerve (many-nerved hare’s ear), a Pleistocene rock and steppe relict of East Siberian
origin [2]. The distribution range of this species is quite wide; A.V. Kuminova [3] assigns it to the Asian
(North Asian) group of ranges, while G.A. Peshkova [4] classifies it as a Eurasian type. The species occurs
in the mountains of Central Asia, Kazakhstan, Mongolia, and China [5].

B. multinerve is a perennial polycarpic taproot caudex herbaceous plant reproducing by seed. It com-
bines features of mesophytes and xerophytes and, due to its dual ecological nature, has broad ecological
adaptability to various growth conditions. It is known that species with such dual ecological characteristics
are distinguished by a wide range of variability and high productivity; therefore, B. multinerve is abundant in
many plant associations [6].

In the Kazakh Altai, the coenocomplex of B. multinerve is included in groups of meadow-steppe vege-
tation associations, less frequently in shrub and forest phytocoenoses. The species often extends above the
upper forest boundary, where it occurs on rocky slopes among subalpine steppe-like meadows and on fine-
stony screes more or less stabilized by vegetation [7].
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Interest in studying B. multinerve is associated with the possibility of using its raw material in the
parapharmaceutical industry due to the accumulation of biologically active substances (BAS) in the vegeta-
tive mass, as well as with assessing the prospects for harvesting medicinal raw materials in natural communi-
ties, taking into account sustainability and the population’s capacity for self-renewal.

B. multinerve is a source of flavonols. The presence of a multi-enzyme system responsible for the
breakdown of native flavonols into simple phenolic compounds and the subsequent degradation of aromatic
rings were demonstrated by V.G. Minaeva and M.N. Zaprometov [8]. It has been established that the flavo-
noid-degrading complex includes glycosidases, peroxidases, O-methyltransferases, hydroxylases, and other
enzymes [9].

Due to the content of various biologically active compounds—flavonoids, carbohydrates, aliphatic
alcohols, vitamins, triterpene saponins, essential oils, and tannins—it is used in official, traditional, and ex-
perimental medicine as a capillary-strengthening, anti-inflammatory, anthelmintic, wound-healing, and
choleretic agent [10, 11].

Based on the total flavonoids of B. multinerve, the preparation “Buplerin” has been developed,
containing a flavonol complex composed of quercetin, isorhamnetin, rutin, isoquercetin, and
isoquercetin-3-rutinoside. The preparation is recommended for use in hemorrhagic diathesis, bleeding gums
and nosebleeds, and edema of vascular origin in hypertension accompanied by increased vascular permeabil-
ity. The essential oil of B. multinerve exhibits antimicrobial and antioxidant activity [12, 13].

Considering the significant role of B. multinerve as a medicinal plant, population and resource studies
of the species in the flora of the Kazakh Altai have been conducted.

The aim of this work was to carry out population and resource studies of B. multinerve under natural
growth conditions in the territory of the Southern and Southwestern Altai of the Kazakh Altai.

To achieve this goal, the floristic composition of the communities was studied, the abundance of species
forming the phytocoenoses was determined, morphometric and demographic parameters were assessed to
identify population responses to growth conditions, and the resource potential of the species in the surveyed
communities was established.

Experimental

The research was focused on B. multinerve in the phytobiota of the Kazakh Altai (Fig. 1).

Figure 1. Bupleurum multinerve in the flora of the Kazakh Altai

The geographical context of the study included four populations in the Southern Altai and two in the
Southwestern Altai (Fig. 2).
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Figure 2. Schematic map of the locations of Bupleurum multinerve in the phytobiota of the Kazakh Altai

The mountain system of the Southern Altai, located at the junction of the borders with Russia, Mongo-
lia, and China, has an altitudinal range from 600-700 m above sea level in the western and southwestern
foothills to 1500-3400 m in the south and 2000-2500 m in the northeast. The climate is sharply continental,
with features determined by altitudinal zonation and the influence of moist northwestern Atlantic air masses,
resulting in annual precipitation ranging from 400 mm in the foothills to 800—1000 mm in the mountain for-
est belt. The Southern Altai is the coldest region within the Kazakh Altai [14].

The Southwestern Altai is characterized by a system of high ridges (1500-2800 m above sea level) and
lower mountain and foothill areas (500—700 m above sea level). The climate is sharply continental, with long
cold winters, hot summers, significant diurnal and seasonal variations, and pronounced annual fluctuations in
air temperature. Annual precipitation ranges from 400-550 mm in the west to 1500 mm in the eastern and
northeastern parts of the region [15, 16].

As a result of field studies conducted in the Southern and Southwestern Altai, the floristic composition
of plant communities involving B. multinerve was examined, including an assessment of species abundance
in the Southern Altai. Morphometric and demographic parameters were analyzed, and the resource potential
of the species under different growth conditions was determined for six populations, selected based on dif-
ferences in floristic composition and spatial distribution of the occupied territories.

The coordinates of all populations identified during field research were recorded using a Garmin eTrex 22x
GPS navigator. These data were subsequently formatted into an electronic metadata database and uploaded to the
Global Biodiversity Information Facility platform (https://gbif.buketov.edu.kz/resourcer=herbarium_abg).

Due to the extensive and topographically complex nature of the study areas, fieldwork was carried out
using a route-reconnaissance method [17]. Topographic maps and forest inventory materials were used in
planning field routes. A geobotanical method was applied to describe plant communities involving B.
multinerve [18]. The nomenclature of genera and species of vascular plants in the communities was verified
using the Plants of the World Online database [19]. The condition of coenopopulations was assessed using
organismal and population-level traits [20]. The resource potential of B. multinerve was determined accord-
ing to the “Methodology for Assessing Reserves of Medicinal Plants” [21]. To estimate raw material re-
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serves in specific stands, sample plots of 1 m? were established, with their number varying from 5 to 10 de-
pending on the area of the stand and the uniformity of species distribution within the community [22].

For morphometric measurements, a sample of 15-20 flowering plants of B. multinerve was selected in
each population, recording the height of generative shoots, the number of generative shoots, and the number
of individuals per 1 m?. The age states of individuals were determined according to the classification of
0.V. Smirnova et al. [23], developed based on the generally accepted scheme of T.A. Rabotnov [24]. Statis-
tical processing was carried out using Microsoft Excel 2010.

Results and Discussion

Our research revealed that the habitats of B. multinerve in the Southern Altai are primarily associated
with northwestern (Sarymsakty Ridge), southeastern (South Altai Tarbagatai Ridge), and northeastern
(Narym Ridge) exposures, with a vertical distribution range from 1300 to 2015 m above sea level. In the
Southwestern Altai, both populations were recorded on the southeastern slope of the Ivanovsky Ridge
(Prokhodnoy Belok) with a vertical distribution range of 1450-1990 m above sea level.

In the Southern Altai, the species was found in subalpine, mountain-forest, and mountain-steppe associ-
ations; in the Southwestern Altai, it occurs in subalpine low-herb and foothill-shrub associations. Surveys
showed that B. multinerve is widely distributed in mountain-steppe associations, contributing to the for-
mation of meadow-steppe type vegetation, and to a lesser extent, shrub and forest phytocoenoses (Tab. 1).

Table 1
Characteristics of the habitats of the studied Bupleurum multinerve populations
in the phytobiota of the Kazakh Altai
Coordinates of the main points
- The area
Popula- Location height occupied b Name of
b width longitude | above sea b y the association
tion the view, ha
level.
Southern Altai
Sarimsakty Range, northwestern L
Pop 1 slope, near the Burkhat Pass 49.1333 86.0103 2015 12,0 Subalpine iris-borage
. Mountain-steppe
pop2 |oarimsakty Range, northwestern | g 1oe6 | g6 0239 | 1300 200,0  |mixed-grass-
slope, near the Burkhat Pass
volodushkovaya
South Altai Tarbagatai Range, Mountainous forest
Pop 3 |southeastern slope, foothill ter- 49.0953 86.2006 1890 15 | land
race grassy-cereal-grasslan
Mountain-steppe
pop 4 |NNarym Range, northeastern 485864 | 835764 | 1380 172 |mixed-grass-
slope
volodushkovaya
Southwest Altai
Pop 5 Ivanovsky R_ange, s_outheastern 50.2661 83,5456 1990 25 S_ubalplne low-grass
slope, (Passing Squirrel) violet-blue
Pop 6 Ivanovsky Range, s_outheastern 50.3211 83.8807 1450 12 Foothill-shrub-grass-
slope, (Passing Squirrel) and-forb-grass

In the Southern Altai, under subalpine conditions in the iris—Bupleurum association (Pop. 1), the area
occupied by the species is 12 ha on eroded rocky slopes of the Sarymsakty Ridge, with a total projective
cover of 100 %, of which B. multinerve contributes 25.8 % to the community. In the mountain-steppe habi-
tats on the Sarymsakty Ridge (Pop. 2) and Narym Ridge (Pop. 4), B. multinerve acts as a landscape-forming
species, forming independent stands over areas of 200 ha and 172 ha, respectively, with a total projective
cover of 100 %, where the occurrence of B. multinerve reaches up to 70.0 %. In the mountain-forest associa-
tion, B. multinerve (Pop. 3) on the South Altai Tarbagatai Ridge occupies a small area of 15 ha at the upper
limit of cedar park forests; total projective cover is 100 %, and the species’ participation in the phytobiota is
19.8 %.

In the Southwestern Altai, on the lvanovsky Ridge (Pop. 5) under subalpine conditions, a Bupleurum
association is established within a sparse larch—cedar forest over an area of 25 ha, where the shrub layer is
absent. The herbaceous layer is well-developed, with a projective cover of 100 %, and B. multinerve contrib-
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utes 13.9 % to the phytocoenosis. The foothill-shrub Bupleurum-mixed-herb—grass association (Pop. 6) oc-
curs among a sparse shrub layer with canopy closure of 0.2-0.3, occupying an area of 12 ha. Total projective
cover is 100 %, with B. multinerve accounting for 15.8 %.

When studying species diversity in communities with B. multinerve in the Southern Altai, it was found
that the floristic complex consists of 78 species of flowering plants. The floristic composition is mainly rep-
resented by mountain-steppe mesoxerophytic herbaceous species. Differences in species richness among the
described communities are minor. By species abundance, the mountain-forest mixed-herb—grass—Bupleurum
association on the South Altai Tarbagatai Ridge at 1890 m a.s.l. (Pop. 3) stands out with 46 species. The
lowest contribution to species number comes from the iris—Bupleurum population (Pop. 1) under subalpine
conditions on the Sarymsakty Ridge at 2015 m a.s.l., with 35 species (Tab. 2).

Table 2

Summary of the floristic composition of plant communities involving Bupleurum multinerve,
indicating species abundance in the Southern Altai

Name of association
Subalpine Mountain-steppe| Mountain-forest | Mountain-steppe
Ne Names of plant species iris—Bupleurum mixed-herb— mixed-herb- mixed-herb-
I Bupleurum grass—Bupleurum Bupleurum
association, S T L
2015 m as.| association, association, association,
o 1300 m a.s.l. 1890 m a.s.l. 1380 ma.s.l.
Abundance on the Drude scale
1 2 3 4 5
1 |Spiraea media Schmidt sp - sp sp
2 |Cotoneaster uniflorus Bunge - - un -
3 |Cotoneaster melanocarpus G. Lodd. sol sp
4 |Sibiraea laevigata (L.) Maxim un - sol -
5 Pentaphylloides fruticosa un i un i
(L.)O.Schwarz
6 |Rosa acicularis Lindl. un - un -
7 |Rosa spinossisima L. - un - un
Lonicera
8 |caerulea subsp. altaica (Pall.) - un - -
Gladkova
9 L. microphylla Willd. ex Roem. s i i i
& Schult. P
10|Berberis sibirica Pall. - sol sol -
11|Caragana pumila Pojark - - - un
12|Bupleurum multinerve DC. copy soc cop; soc
13 Helictotrichon desertorum i i s s
(Less.)Pilg. P P
Helictotrichon pubescens (Huds.)
14 Schult. i sp cop: sp
15 Helictotrichon schellianum s i co i
(Hack.)Kitag P P2
16|Elymus uralensis (Nevski) Tzvelev cop; - copz -
17|E. mutabilis (Drobov) Tzvelev un un - -
18 Artemisia sericea (Besser) Weber ex s s s s
Stechm. P P p p
19|A. kotuchovii Kupr. - un - -
20|A. viridis Willd. ex DC. - - sp sp
21 |Phleum phleoides (L.) H. Karst - - sol -
22|Poa attenuata Trin. - - sol -
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Continuation of Table 2

Name of association

Mountain-steppe

Mountain-forest

Mountain-steppe

Ne Names of plant species iriss_uBbuaplf:Sfum mixed-herb— mixed-herb— mixed-herb—
association, Buplgur_um grass—ngI_eurum Buplgur_um
2015 m as.l. association, association, association,
1300 ma.s.l. 1890 ma.s.l. 1380 ma.s.l.
Abundance on the Drude scale
1 2 3 4 5
23 Festu_ca valesiaca Schleich. ex i i sp i
Gaudin
24 |Pedicularis cystopteridifolia Rydb. - - un -
25 Ped_icularis eriantha i sp i i
(Boiss. & Buhse) T.N. Popova
26 |Pedicularis proboscidea Steven - - sp -
27|Gentiana decumbens L..f. S - sp -
28|Gentiana macrophylla Pall. sp - un -
29|Oxytropis ambigua (Pall.) DC. un sp - un
30|Oxytropis sulphurea Bunge - - sp -
o e I T & » " n
32|Campanula glomerata L. un S sp un
33|Gypsophila altissima L. un sp un sp
34 |Allium altaicum Pall. un - - -
35|Allium lineare L. un un un un
36 |Allium nutans L. - un - S
37|Allium flavidum Ledeb. sp sol - -
38|Allium rubens Spreng. - sol un -
39|Thalictrum flavum L. - S un sp
40|Aconitum anthoroideum DC. sp un sp -
41|Achillea millefolium L. - sp sp un
42|Saussurea parviflora (Poir.) DC. sp un un -
43|Galium cicaezans Michx. sp - - -
44|Galium verum L. un sp sol sol
45 Ge_ranium collinum Stephan ex i sp i sp
Willd.
46|G. pseudosibiricum J. Mayer sp sol - -
T e o | ol - » -
48|Phlomoides tuberosa (L.) Moench - - - sp
49 gél.atella hauptii (Ledeb.) Lindl. ex un sp i i
50 Gal_ate!la - - sol sp Sp-cops
sedifolia subsp. sedifolia (L.) Greuter
51|Iris ruthenica Ker Gavl. cop; cop, cop; COop,-Cop3
52 |Carex macroura Meinsh. cop, cop,, cop, sp
53|Gentianella amarella (L.) Bérner sp sp sp sol
54 |Gentianopsis barbata (Froel.) Ma sol sol sp Sp-cop;
55|Dracocephalum ruyschiana L. sp - sp -
56 |Dracocephalum discolor Bunge - - sol sp
57 |Aster alpinus L. sol sp sp -
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Continuation of Table 2

Name of association

Subalpine Mou_ntain—steppe Mogntain—forest Mou_ntain—steppe
No Names of plant species iris—Bupleurum mixed-herb— mixed-herb— mixed-herb—
association, Buplgur_um grass—ngI_eurum Buplgur_um
2015 m as.l. association, association, association,
1300 ma.s.l. 1890 ma.s.l. 1380 ma.s.l.
Abundance on the Drude scale
1 2 3 4 5
58 |Primula macrocalyx Bunge un sol sol un
59 |Euphrasia altaica Serg. sol un - -
60 Krascheninnikovia ceratoides (L.) sol i i sp
Gueldenst.
61 g(s;ﬁlrjsci;oseg:ﬁirklgvgmehnu (Trin. ex i sol i un
62 |Senecio nemorensis L. - sol - -
63|Poa attenuata Trin - sol un sol
64 |P. angustifolia L. - - - sp
o s Jeknt - . - -
66 |Klasea cardunculus (Pall.) Holub - un - -
67 |Scutellaria altaica Ledeb. ex Sweet - sol - -
68|Orostachys spinosa (L.) Sweet - sol un -
69| Thymus serpyllum L. - cop; - sp
70 Phedimus stoloniferus (S.G. Gmel.) 't i sp i i
Hart
71 |Dianthus chinensis L. - un un un
72|Sanguisorba officinalis L. - - sol -
73|Scabiosa ochroleuca L. - - - sol
74|Stipa krylovii Roshev. - - - sp
75|Medicago falcata L. - - - sol
76 |Fragaria viridis Weston - - - Sp-copy,
77|Crepis lyrata (L.) Froel. - - - un
78 Seseli buchtormense (Fisch.) i i i un
W.D.J. Koch
TOTAL 35 43 46 39

226

Analysis using the Drude scale showed that shrubs do not play a significant role in the composition of
the vegetation cover. In all studied populations, B. multinerve acts as the edificator, with an abundance of soc
under mountain-steppe conditions in the Sarymsakty and Narym Ranges (Fig. 3-4), and with an abundance
of copl under.
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Figure 3. Thickets of Bupleurum multinerve

in the Narym Range

Figure 4. Thickets of Bupleurum multinerve
in the Sarymsakty Range

The dominants in the herbaceous layer of the communities are Carex periformis var. macroura — cop2,
Elymus uralensis — copl, Fragaria viridis — sp-cop2, Galatella sedifolia subsp. sedifolia — sp-cop3,
Gentianopsis barbata — sp-copl, Helictotrichon pubescens — cop2, H. schellianum — cop2, Iris ruthenica
— cop2, Koenigia alpina — soc, Thymus serpyllum — cop2; other species are considered accompanying.

Considering the potential significance of Bupleurum multinerve as a source of plant raw material for the
production of parapharmaceutical products, a resource assessment of the above-ground biomass was con-
ducted in the studied populations in the Southern and Southwestern Altai (Tab. 3).

Table 3

Resource assessment of the potential above-ground biomass productivity of Bupleurum multinerve
in the studied populations of the Kazakh Altai

Operating stock
The area Operating o?{:l:écrjirgllsratw
p . Location of occupied by Yield, kg/ha stock of '
opulation - ) . . . Volume of possible
the population the view, (air-dry weight) | air-dry raw -
ha materials, t preparation
of air-dry raw
materials, t
Southern Altai
Sarimsakty Range, north-
Popl ‘é"ﬁ‘:'tkehr:tﬂggse 2015 12.0 178.85 2.15 1.29
a.s.l.
Sarimsakty Range, north-
Pop 2 ‘évsftkﬁ]r:tﬂgfse 1300 m 200.0 360.10 72.02 4321
a.s.l.
South Altai Tarbagatai
Range, southeastern slope,
Pop3 foothill terrace, 1890 m 15.0 211.90 3.18 191
a.s.l.
Pop 4 gﬁrz{gpif‘gggb“g?gft' 172.0 357.32 61.46 36.87
Southwest Altai
Ivanovsky Range, south-
Pop 5 eastern slope, (Passing 25.0 199.8 4.99 2.99
Squirrel), 1990 m a.s.l.
Ivanovsky Range, south-
Pop 6 eastern slope, (Passing 22.0 221.3 4.87 2.92
Squirrel), 1450m a.s.l.

In the territory of the Southern Altai, the industrial exploitable reserves of air-dried above-ground bio-
mass of Bupleurum multinerve were determined under mountain-steppe conditions in the Sarymsakty (Pop 2)
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and Narym (Pop 4) Ranges, amounting to 72.02 t and 61.46 t, respectively, with a possible harvest volume of
43.21 t and 36.87 t. This is due to the extensive areas occupied by the species combined with a high density
of individuals per unit area. The obtained data allow these populations to be recommended for industrial har-
vesting of above-ground biomass.

Simultaneously with the assessment of resource potential, certain morphometric parameters of genera-
tive individuals were evaluated, with statistically significant differences at P < 0.05 (Fig. 5). The study re-
vealed that the phenotypes of Bupleurum multinerve differ in height depending on their habitat.

B Popl
40.0 Pop2
Pop3
30.0 Pop4
EPops
20,0 P
EPop6
10.0
0.0 . - [ e

Height of generative shoots Number of generative ~ Number of generative shoots
individuals

Figure 5. Selected morphometric parameters of above-ground organs of Bupleurum multinerve
in the studied populations of the Southern and Southwestern Altai

Based on morphometric measurements, the tallest generative individuals were recorded under moun-
tain-steppe conditions in the Southern Altai, in populations Pop2 (Sarymsakty Range) and Pop4 (Narym
Range), measuring 66.5 & 1.93 ¢cm and 55.3 + 6.23 cm, respectively. The minimum height was observed in
the population under subalpine conditions in Popl (Sarymsakty Range) at 35.2 + 1.13 cm. The maximum
number of generative individuals per 1 m? was recorded under mountain-steppe conditions in Pop2
(Sarymsakty Range) and Pop4 (Narym Range), with values of 13.37 £2.06 and 11.23 + 3.23 individuals/m?,
respectively. In natural conditions of the Southern and Southwestern Altai, generative individuals were
characterized by a low number of generative shoots, ranging from 1.48 + 0.26 to 3.39 + 0.86 shoots per
individual.

Based on morphometric data, the populations under mountain-steppe conditions in the Sarymsakty and
Narym Ranges can be considered promising for seed collection for introduction and inclusion in a seed gene
bank.

According to statistical guidelines, when the coefficient of variation is less than 12 %, the trait variabil-
ity is considered low; from 13 % to 20 % — medium; from 21 % to 40 % — high; and above 40 % — very
high [25]. In our study, the height of generative plants in all populations varied at a medium level of variabil-
ity, ranging from 13.35 % to 18.65 %, indicating the stability of this trait in individuals of the species in the
surveyed ranges of the Kazakh Altai. Traits with high variability in B. multinerve included the number of
individuals per unit area, varying from 25.0 % to 36.9 %, while the variability of generative shoot number
ranged from medium to high, from 15.1 % to 37.2 %, demonstrating high plasticity and the species’ ability to
self-renew under natural conditions in the Southern and Southwestern Altai.

Bupleurum multinerve is a rhizome-taproot perennial with a monocyclic, oligocarpic, or polycarpic
biomorph type [26]. According to E.L. Nukhimovskij [27], individuals of different biomorphs of B.
multinerve may occur within the same cenotic population, undergoing a complete ontogenetic cycle, the du-
ration of which is directly dependent on growth conditions. Considering the ontogenetic development char-
acteristics of B. multinerve [28], a single individual was used as the counting unit in the study of the age
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structure of populations. Counts were conducted across four age groups: juvenile (j), immature (im), virginal
(v), and generative (g) individuals, as senescent and dying plants were not observed (Fig. 6).

40

35 33,6

30
25

20 17,6

13,37
15 11,0 11,7 11,23

10 8.4 7.2
52 STM470 46 5.3 4745 50548

quantity j quantity im quantity v quantity g

EPopl ®Popl ®Pop3 "Pop4 EPop5 EPopb

Figure 6. Quantitative composition of age groups in the studied populations of Bupleurum multinerve
in the Southern and Southwestern Altai

The studied populations of Bupleurum multinerve in the Southern and Southwestern Altai, despite in-
habiting different geographic locations, are normal and complete, exhibiting an age spectrum with a tenden-
cy toward left-skewed asymmetry. In all populations, the young fraction dominates over the adult fraction
according to the index (j + im)/(v + g), which confirms that the species maintains its population density pri-
marily through seed reproduction within the associations. At the current stage, minor differences in the ratio
of virginal (v) to generative (g) individuals across all populations indicate that the environmental conditions
for B. multinerve in the studied populations are optimal.

When assessing the economic traits of B. multinerve, the density of individuals per unit area is consid-
ered a key economic indicator. The results of the study show that, except for populations Pop2 and Pop4, the
density of individuals per 1 m? varies slightly despite heterogeneous natural conditions (Fig. 7). Under
Southern Altai conditions, this indicator was 24.6 individuals/m? in Rorl and 21.7 individuals/m? in Pop3; in
the Southwestern Altai, it was 20.0 individuals/m? in Pop5 and 18.7 individuals/m? in Pop6. The highest den-
sity of individuals was observed in Pop2 (75.0 individuals/m?) and Pop4 (50.0 individuals/m?) under moun-
tain-steppe conditions in the Sarymsakty and Narym Ranges. Based on these data, it can be inferred that the
surveyed populations are currently in a stable state and that the habitat conditions correspond to the species’

ecological optimum.

50.0 .

=" Popl ®Popl =Pop3 "Pop4 =Pop5 =Popb

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 229



A.N. Danilova, Y.A. Kotukhov

Figure 7. Density of Bupleurum multinerve individuals in populations of the Southern
and Southwestern Altai, individuals/m?

Thus, the integration of ecological-phytocoenotic and morphometric indicators, along with the assess-
ment of age structure and productivity of Bupleurum multinerve, demonstrates the potential for the species’
use at the present stage as an unconventional wild medicinal plant in the Kazakh Altai. Future studies, in-
cluding assessments of genetic diversity, reproductive biology, and modeling of climate resilience, will sig-
nificantly enhance the prospects for sustainable utilization of the species in the region.

Conclusion

Population and resource studies in the phytobiota of the Kazakh Altai have shown that the Southern and
Southwestern Altai regions hold significant potential for the economic use of natural populations of the un-
conventional wild medicinal plant B. multinerve. Habitat analysis demonstrated specific preferences with
respect to plant communities; populations were recorded in mountain-steppe, foothill-shrub, mountain-forest,
and subalpine associations, with the species in the mountain-steppe conditions of the Southern Altai acting as
a landscape-forming element with dominance levels soc and sorl.

The vertical distribution of the species ranges from 1,300 to 2,015 m a.s.l. The rich species diversity of
floristic composition in these associations, combined with a significant level of variation in morphometric
parameters—such as the height of generative shoots, the number of generative shoots per individual, and the
number of generative individuals per unit area—confirms the stability of populations and the ecological plas-
ticity of B. multinerve in the phytobiota of the Kazakh Altai.

The dominance of juvenile and immature individuals over virginal and generative individuals in the age
structure indicates the effectiveness of seed reproduction and the species’ capacity for self-maintenance
through seeds. The left-skewed age spectrum reflects population youth and serves as a current indicator of
high vitality and the ability to maintain occupied territories.

Resource assessment demonstrated the industrial significance of the species in the Southern Altai under
mountain-steppe conditions, where B. multinerve formed the most extensive and highly productive industrial
stands (ranging from 357.32 kg/ha to 360.10 kg/ha of air-dry weight). The most resource-rich populations
should be prioritized when planning the harvest volumes of plant raw materials as a valuable medicinal plant
of the Kazakh Altai flora, while also ensuring the conservation of populations in their natural habitats.
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A.H. Nanunosa, F0.A. Koryxos, A.A. CymbembaeB, O.A. Anydppuesa, ©.M. AXMETKaHOB

Ka3zakcTan AnrailbIHBIH dPTYPJi skaFaaiiaapeinaarsl Bupleurum multinerve DC.
PeCYPCTHIK KOPbI KdHe MonmyasiumMsiiap Kyiii

Kaszakcran Anraiipianarst Bupleurum multinerve GoiisiHina 3epTTeyiepiiH HOTHXKENEpi YCHIHBUIFaH.
3eprreynin Makcarsl — Kasakcran AnraiiblHAarsl TabuFu ecy karmaimapeiaa Bupleurum multinerve
TYPiHIH NOMYJALUSUIBIK KOHE PECYPCTBIK KOPCETKIITepiH 3epTrey. llomymsanusimapAbiH (IOPUCTUKAIIBIK
KYpaMbl, MOPGOMETPHUSIIBIK ITapaMeTpIiepi, ’Kac KYPbUIBIMBI )KOHE PECYPCTHIK KOPBI aHBIKTanAbl. TYpIiH Tik
Tapany Imeri TeHi3 aeHreifineH 1300-2015 M apanbIFplHAa €KEHI AaHBIKTANbIN, ON Tay-JAajlayiblK, Tay
OexTepinzeri Oyranbl, Tay OpPMaHIBI J>KOHE CyOalbIUNK KaybIMOACTHIKTAp KYpaMbIHIA Ke3JeceTiHi
6enrinenai. OHTYCTIK ANTalAblH Tay-JalaiblK SKarmaiiblHoa Oyl Typ maHgmadT Ty3ymli, OHBIH Yieci
70,0 %-ra neiiin xxeteni. KaybIMaacTeIKTapAbIH ©CiMIIK skaMbUTFBICE! 100 % KanbInTackaH, HETi31H MIONTECiH
ecimuikrep Kypaimsl. OHTyCTiK skoHe OHrycrik-Barsic Anraiimarsr 3eprrenren B. multinerve xanbimtsr,
TOJIBIK KypaMIbl e€MeC, XacCThIK CHEKTpPi COJI JKaKThl acuMMeTpusra OeitiM. Typ reHepaTHBTI ©pKEHHIH
Owmikriri OoipiHma 13,35 %-man 18,65 %-ra feifiH TYpaxkTBUIBIKIICH CHUTATTaNaAbl, an Oipiik aynaHra
IIaKKAHJaFbl TEHEPAaTHUBTI Japakrap caHbl OoibHIIa 25,0-36,9 % apaibiFblHIA JKOFapbl ©3TeprillTiK
kepcereni. COHbIMEH KaTap reHepaTuBTi epkeHaepaid 15,1-37,2 % neHreiiinae aybITKybl €ceOiHEH TYKbIM
apKBUIBI ©3/IriHEH XaHapy Kabinerine ue. [lapakrapabslH eH >KOFapbl THIFBI3ABIFEI CapbIMCaKTHI (75 mana/m?)
sxone Hapbiv (50,0 nana/m?) sxoTaiapbIHbIH Tay-IajalblK sKaFaaiaapeiaaa tipkenred. B. multinerve Typiuin
JKEPYCTI MacCachbIHBIH OHEpPKACINTIK KOpHI aya-Kyprak Ky#ae CapbsIMcakTbl jkoHe HapbIM jkoTanapbiHzaa
coiikecinme 72,02 T xoHe 61,46 T OOJIBINT AHBIKTANBI, a1 MyMKiH OONaThiH AaWbiHAay Keiaemi — 43,21 T
JkoHe 36,87 T.

Kinm ce30ep: Bupleurum multinerve, Onrycrik Aunrait, OHTYCTiK-Batbic AnTaii, accouuarus, MomyJIsiys,
TYPJIK SPTYPJILTIK, MOJIIBUTBIK, KaC KYPBUIBIMBL, pecypcTap.

A.H. Jlanunosa, FO.A. Koryxos, A.A. Cym6embaeB, O.A. Anyppuena, A.M. AXMeTKaHOB

CocTosinue momyJisinuii ¥ pecypcHblie 3anackl Bupleurum multinerve DC.
B pa3an4HbIX ycaoBusax Kazaxcranckoro Asarasi

IMpesncraBneHbl pe3ynbTarsl uccienoBanuii Bupleurum multinerve B Kasaxcranckom Aunrae. Lenb uccneno-
BaHHs — TOMYJISIHOHHBIE U pecypcHble HccienoBanust Bupleurum multinerve B ectecTBEHHBIX YCIOBHAX
npounspactanus B Kasaxcranckom Anrae. M3ydeHs! Gprnopuctudecknii coctaB, MOpHOMETpHIECKHEe apaMeT-
PBI, BO3pAcTHOI COCTaB, peCypCHBIE 3aIackl MOMYISIUN. Y CTAaHOBIICH ITOPOT BEPTUKATBHOTO PACIIPOCTpaHe-
Hust Buga — 1300-2015 M H. y. M. B cocTaBe TOPHO-CTEIHBIX, IPEATOPHO-KYCTAPHUKOBBIX, TOPHO-JIECHBIX U
cyOanbpIuicKuX acconuanuii. B ropHo-crenmHbIx yenoBusx KOxkHoro Antas B siBisieTcst TaHamadTooOpa-
3YIOIIMM ¢ IOTHOCTBIO 10 70,0 %. PacTnTensHbIi okpoB accoruarmit copmuposad Ha 100 %, ocHOBY co-
CTaBJISIOT TPaBsIHHCThIC BHIbI pacteHuit. [lomyasiuu B. multinerve na ¥Oxuom u IOro-3amagsom Anrae
HOpMaJIbHBIE, HETTOJHOWICHHBIE, BO3PACTHOM CHEKTP ¢ TEHJICHIMEH K JIEBOCTOPOHHEH acuMMmeTpun. Bun xa-
paKTepu3yeTcsi CTaOMIBHOCTBIO MO BBICOTE TeHepaTuBHOTrO mobera ot 13,35 % no 18,65 %, BrICOKOI BapHa-
OCIBHOCTRIO TI0 KOJMYECTBY TeHEPATHBHBIX 0CO0CH Ha eauHuIle miomamd ot 25,0 10 36,9 %, crnocoOHOCThIO
K CaMOBO300HOBJIEHHIO CEMEHHBIM ITyTEM 3a CUeT BapbUPOBAaHMS T€HEPATHBHBIX TOOEroB Ha ypoBHE OT 15,1
10 37,2 %. Haubonvwas niomnocmes ocobeti ommedena 8 20pHO-CMenHblX YCA08UaX NPOU3PACManuis Ha Xp.
Capoivcaxmer (75 wm./m?) u Hapeimckom (50,0 wim./u?). TIpOMBINIICHHBIE 3aITachl HAT3eMHOM Macchl B.
multinerve B BO3AyIIIHO-CyXOM COCTOSIHUM YCTAHOBJICHBI 8 2OPHO-CIMENHbIX YCaosusx Ha xp. Capvlmcakmol u
Hapuvimcrkom coomeemcemeenno — 12,02 v 61,46 m, a 06vem 603modicrotl 3acomoexu — 43,21 u 36,87 1.

Kuioueswvle cnosa: Bupleurum multinerve, ¥Oxubiii Anraii, FOro-3anaassiit Anraii, accoluanusi, mOmyJsius,
BHIOBOE Pa3HOOOPA3KE, YMCIEHHOCTh, BO3PACTHASI CTPYKTYPA, PECYPCHI.
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