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Ecological and geographical characteristics
of the subgenus Cercidotrix Bunge in Betpak-Dala

In the present study, data on the species composition and geographic distribution of representatives of the
subgenus Cercidotrix Bunge in the Betpak-Dala region have been systematized and clarified for the first time
based on an analysis of herbarium collections (AA, MW, LE, TASH) and recent field observations. The sci-
entific novelty of the study lies in the integration of literature sources and herbarium data to refine the ecolog-
ical and geographic characteristics of Cercidotrix Bunge representatives in the desert ecosystem of Betpak-
Dala, thereby enabling a more comprehensive assessment of their biodiversity and ecological traits. The anal-
ysis of ecological and geographic data for the genus Astragalus L. demonstrates that the collection and sys-
tematization of this information have been carried out for the first time both in Betpak-Dala and in Kazakh-
stan as a whole.
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Introduction

The Fabaceae family consists of valuable forage plants. It includes such major genera as Astragalus,
Lathyrus, Medicago (alfalfa), Melilotus (sweet clover), Oxytropis, Trifolium (clover), Vicia (vetch), and oth-
ers. After grasses, legumes are the most important group of flowering plants for humans in terms of practical
significance. In legume seeds, the main storage substances are protein, as well as starch and fatty oil, which
determine their high nutritional and fodder value. The legume family includes about 550 genera and 13,000
species distributed throughout the world, making it one of the largest families in the global flora. In
Kazakhstan, 42 genera and about 650 species are found [1]. Astragalus L., is one of the largest genuses of
flowering plants in the Leguminosae family [2].

The genus Astragalus L. is a very large Holarctic genus, comprising more than 2,000 species, of which
about 900 occur in the former USSR and 308 in Kazakhstan. Most species of Astragalus remain poorly stud-
ied in terms of their chemical composition, forage value, and other properties. Some of them serve as good
forage plants, while others contain alkaloids, glycosides, or saponins and are poisonous [3, 4]. Active ingre-
dients from Astragalus sp. They are used in nutrition, and their use in the treatment of neurological diseases
is attracting increasing attention [3]. Many Astragalus species have extremely limited ranges and are endem-
ic to Kazakhstan; there are 75 such endemic species, which is more than 25 % of the total [5, 6].

Species of the genus Astragalus L. are annual or perennial herbaceous plants, subshrubs, and less com-
monly shrubs, with well-developed or strongly shortened stems. They are usually covered with simple or
bifurcate hairs, and more rarely glabrous (hairless) [6].

Betpak-Dala is one of the largest clay deserts in the world. This vast natural region stretches 170 kilo-
meters from north to south and about 500 kilometers from west to east, covering an area of 75,000 square
kilometers on the Kazakh plains—two and a half times the size of modern-day Belgium. Almost entirely un-
inhabited, Betpak-Dala captivates with its diverse landscape. Its proximity to the Kazakh Uplands is reflect-
ed in the region’s rocky areas, low hills, and small depressions.

Among the CIS countries, about 900 species of the genus Astragalus L. are recorded. At present, a new
representative of the genus Astragalus L., namely Astragalus mollis, has been identified in Azerbaijan [7]. In
Kazakhstan, 309 species occur, 11 of which are listed in the Red Book. In the Betpak-Dala Desert, 17 species
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are found, belonging to 11 sections of the subgenus Cercidotrix Bunge (Astragalus L.). According to the Flora
of Kazakhstan, two species—Astragalus sumneviczii and Astragalus karatjubeki—are endemic [8, 9].

The objective of the present study is to investigate the ecological and geographical characteristics of the
subgenus Cercidotrix Bunge (Astragalus L.) in the desert ecosystem of Betpak-Dala, including the determi-
nation of species composition, geographic distribution (Fig. 1), predominant life forms, ecological niches,
and patterns of distribution across different habitat types.

Scientific novelty:

1. For the first time, data on the species composition and geographic distribution of representatives of
the subgenus Cercidotrix Bunge in the Betpak-Dala region have been systematized and clarified.

2. An integrated analysis of herbarium material and literature sources has been conducted, allowing a
more precise determination of the ecological and geographical characteristics of the subgenus in the desert
ecosystem.

3. Based on the analysis of ecological and geographical features of the genus Astragalus L., it is im-
portant to note that this study and data collection have been carried out for the first time both for the genus
Astragalus L. in Betpak-Dala and for the territory of Kazakhstan as a whole.
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Figure 1. Map of the location of the Betpak-Dala floristic region within the territory of Kazakhstan

Experimental

The research work used classical botanical (ecologo-systematic; ecologo-geographical) methods. In the
course of the work, herbarium materials collected on the territory of Betpak-Dala were studied through the
internet resources of the collection fund of the Institute of Botany and phytointroduction (AA), herbarium of
Moscow University (MW), herbarium of St. Petersburg State University (LE), the Central herbarium fund of
Uzbekistan (TASH) and iNaturalist and GBIF (Global Biodiversity Information Facility). Herbarium collec-
tion is carried out according to the method of Skvortsov A. K. (1977) [7; 10-25]. To identify the collected
materials, fundamental reports were used: “Flora of Kazakhstan” (1961) [5], “lllustrated determinant of Ka-
zakhstan” (1969), “Determinant of Middle Asia and Kazakhstan” (1972) and “Flora of the USSR”. The eco-
logical conditions of the species were studied based on the works of Raunkiaer C. (1934), Serebryakov I.G.
(1964), Shennikov (1950), and Poplavskaya (1950) [26-30]. To assess the statistical significance of differ-
ences in species distribution across ecological groups, the basic formula for calculating percentages in statis-
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tics was used. A total of 17 species were distributed among three groups: 7 species (41.2%) as
hemicryptophytes, 7 species (41.2 %) as phanerophytes, and 3 species (17.6 %) as chamaephytes.

Results and Discussion

The CIS of Astragalus includes about 900 species among countries [10]. Astragalus L. there are
309 species of the genus, of which 11 species are listed in the Red Book [9]. Representatives of the genus
Astragalus L. in the genus Cercidotrix Bunge found in the territory of Betpak-Dala are classified into
11 sections [10, 31]. Studies of the species of the subgenus Cercidotrix Bunge (Astragalus L.) occurring in
Betpak-Dala, along with the examination of herbarium material, showed that the studied subgenus has a wide
ecological amplitude and is fairly well distributed in this area. The total number of species in the studied ter-
ritory is 17, which can be seen in Table 1:

Table 1

Taxonomic composition of species of genus Astragalus L.
(compiled from Flora of Kazakhstan)

Ne Section Subsection Species
Astragalus arbuscula
- A. polyceras
1 |Xiphidium Bge. Xiphidium A. scleroxylon
A. virgatus
Macrotropida R. Kam A. compressus
A. brachypus
2 |Ammodendron A. karatjubeki
3 |Corethrum Bge A. Kronenburgii
4 |Ammodytes (Stev.) Bge A. ammodytes
5 |Erioceras Bge. A. arcuatus
6 |Tamias Bge A. Turczaninovii
. A. Sumneviczii
7 |Paracystium Gontsch. A Tasiophyllus
8 |Scabriseta R. Kam. A. scabrisetus
9 |Pseudohelmia R. Kam. A. Krascheninikovii
10 |Bucharica B. Fedtsh. A. macropetalus
11 |Bulimioides Bge. A. unijugus

Abstract

Astragalus kronenburgii B. Fedtsch. ex Kneuck.

Perennial herbaceous plant. It grows on gravelly, woody, and rocky slopes in the foothills and low
mountains.

It blooms in May and bears fruit until June and July.

It occurs in the floristic regions of Betpak-Dala, Dzungarian Alatau, Zailiysky Kungey Alatau, Chu-Ili
Mountains, Karatau, and Western Tien Shan.

General distribution worldwide: Kyrgyzstan, Uzbekistan [8, 9].

A. ammodytes Pall.

Perennial herbaceous plant. Grows on sandy soils.

Flowering occurs from May to June; fruiting from May to July.

It is found in the floristic regions of Irtysh, Semipalatinsk, Aktobe, Western and Eastern Low Hills,
Zaysan, Aral Sea region, Kyzylorda, Betpak-Dala, and Turkestan.

General distribution worldwide: Altai, China, Mongolia, Tuva, Uzbekistan, and Xinjiang [8, 9].

A. arcuatus Kar. et Kir.

Perennial herbaceous plant. Grows on rocky slopes of hills.

Flowering occurs from June to July.

It is found in the floristic regions of Irtysh, Kokshetau, Aktobe, Mugodzhar, Emba, Turgay, Western
and Eastern Low Hills, Ulytau, Karkaraly, Zaysan, Betpak-Dala, Altai, Dzungarian Alatau, and Karatau.

General distribution worldwide: Eastern European part of Russia, Mongolia [8, 9].
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A. Turczaninowii Kar. et Kir.

Perennial herbaceous plant. Grows in desert zones on stabilized hummocky sands, in river valleys,
saxaul thickets, and on sandy loams along mountain foothills.

Flowering occurs from April to June; fruiting from May to June.

It is found in the floristic regions of Aktobe, Turgay, Western Low Hills, Aral Sea region, Kyzylorda,
Betpak-Dala, Muyunkum, Balkhash-Alakol, Kyzylkum, Turkestan, Tarbagatai, Dzungarian Alatau, Chu-Ili
Mountains, and Karatau.

General distribution worldwide: Afghanistan, Turkmenistan, Uzbekistan [8, 9].

A. Sumneviczii Pavlov.

Perennial herbaceous plant. Grows on compacted sands and sandy-clay hills.
Flowering occurs from May to June; fruiting from June to July.

It is found in the floristic region of Betpak-Dala.

General distribution worldwide: Endemic [8, 9].

A. lasiophyllus Ledeb.

Perennial herbaceous plant. Grows in sagebrush and saltwort-sagebrush deserts, on outcrops of chalk
and tertiary clays.

Flowering occurs in (April) May; fruiting from May to June.

It is found in the floristic regions of Aktobe, Emba, Western Low Hills, Northern Ust-Urt, Buzachi,
Mangyshlak, Aral Sea region, Betpak-Dala, Balkhash-Alakol, Dzungarian Alatau, Zailiysky Kungey Alatau,
Chu-Ili Mountains, and Karatau.

General distribution worldwide: Eastern European part of Russia, Mongolia, Northern European part of
Russia, Uzbekistan, and Xinjiang [8, 9].

A. scabrisetus Bonge.

Perennial herbaceous plant. Grows on sands, sandy-stony slopes, and clayey areas.

Flowering occurs from April to May; fruiting in June.

It is found in the floristic regions of Aktobe, Turgay, Western and Eastern Low Hills, Karkaraly,
Zaysan, Northern Ust-Urt, Mangyshlak, Aral Sea region, Betpak-Dala, Balkhash-Alakol, Kyzylkum,
Dzungarian Alatau, Zailiysky Alatau, Chu-Ili Mountains, and Karatau.

General distribution worldwide: Mongolia, Uzbekistan, Xinjiang [8, 9].

A. arbuscula Pall.

Bushy shrub. Grows in steppes and sagebrush deserts, occasionally on sands, more often on rocky and
pebble soils, in forested foothills and dry slopes of low mountains.

Flowers in May; fruits in June.

It is found in the floristic regions of Irtysh, Turgay, Western and Eastern Low Hills, Karkaraly, Zaysan,
Betpak-Dala, Balkhash-Alakol, Altai, Tarbagatai, Dzungarian Alatau, Zailiysky Alatau, and Chu-Ili
Mountains.

General distribution worldwide: Altai, Mongolia, Xinjiang [8, 9].

A. polyceras Kar. et Kir.

Bush. Grows on gravelly and clayey solonchak soils, at the edges of sands, and in desert steppes among
sagebrush.

Flowering occurs from April to May; fruiting in May.

It is found in the floristic regions of the Caspian Lowland, Western Low Hills, Betpak-Dala, Balkhash-
Alakol, and Dzungarian Alatau.

General distribution worldwide: Xinjiang [8, 9].

A. scleroxylon Bunge

Subshrub. Grows on solonetzic red clays, gravelly soils of buttes and dry stream beds, less commonly
on sandy soils of desert low mountains.

Flowering occurs from May to June.

It is found in the floristic regions of Betpak-Dala, Muyunkum, Kyzylkum, Turkestan, and Karatau.

General distribution worldwide: Uzbekistan [8, 9].
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A. compressus Ledeb.

Subshrub. Grows on gravelly and sandy steppe areas in intermontane depressions and valleys.
Flowers in May; fruits in July.

General distribution worldwide: Altai, North-Central China, Mongolia, Xinjiang [8, 9].

A. virgatus Pall.

Perennial herbaceous plant. Grows in sandy and desert steppes, feather grass and feather grass-fescue
steppes, in meadow depressions among sandy ridges, on clayey cliffs, and fallow lands.

Flowering occurs from May to June; fruiting from June to August.

It is found in the floristic regions of the Spur of the General Syrt, Tobol-Ishim, Irtysh, Caspian
Lowland, Aktobe, Mugodzhar, Emba, and Betpak-Dala.

General distribution worldwide: Bulgaria, Central European part of Russia, Eastern European part of
Russia, Hungary, Crimea, North Caucasus, Romania, Southern European part of Russia, Ukraine, and
Western Siberia [8, 9].

A. krascheninnikovii Kamelin

Bush. Grows along the edges of dry spring streams in clayey deserts.
Flowering occurs from May to June.

It is found in the floristic region of Betpak-Dala.

General distribution worldwide: Endemic [8, 9].

A. macropetalus Schrenk

Perennial herbaceous plant. Grows on gravelly mountain foothills and slopes, in clayey ephemeral
deserts and dry steppes.

Flowering occurs from April to July; fruiting from May to June.

It is found in the floristic regions of Kyzyl-Orda, Betpak-Dala, Balkhash-Alakol, Chu-Ili Mountains,
Karatau, and Western Tien Shan.

General distribution worldwide: Uzbekistan [8, 9].

A. brachypus Schrenk ex Fisch. & C.A. Mey.

Perennial herbaceous plant. Grows on sands, weathered sandstones, sandy solonetzic soils, and in desert
shrub thickets.

Flowering occurs from April to June; fruiting from June to July.

It is found in the floristic regions of the Caspian Lowland, Western Low Hills, Aral Sea region, Kyzyl-
Orda, Betpak-Dala, Muyunkum, Balkhash-Alakol, and Zailiysky Alatau.

General distribution worldwide: Kyrgyzstan, Xinjiang [8, 9].

A. karatjubeki Golosk.

Subshrub. Grows on coastal sands.

Flowering occurs from May to June; fruiting from June to July.

It is found in the floristic regions of Betpak-Dala and Balkhash-Alakol.
General distribution worldwide: Endemic [8, 9].

A. unijugus Bunge.

A small shrub. Grows in clayey and sandy deserts on takyrs, edges of solonchaks, calcareous loams,
and sandy loams. Flowering occurs from May to June; fruiting in June. It is found in the floristic regions
of Western Low Hills, Kyzyl-Orda, Betpak-Dala, and Balkhash-Alakol. General distribution worldwide:
Xinjiang [8, 9].

Cercidotrix Bunge (Astragalus L.) description of herbarium specimens of representatives of the genus
can be seen in Table 2.
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Table 2

Comparative data on the presence of species of the genus Cercidotrix Bunge in herbarium collections
(AA, MW, LE, TASH, GBIF and iNaturalist)

MW, GBIF,
iNaturalist
4

z

Name of the species by FK AA

Astragalus arbuscula Pall.

A. polyceras Kar. & Kir.

A. scleroxylon Bunge

A. virgatus Pall.

A. compressus Ledeb.

A. brachypus Schrenk ex Fisch. & C.A. Mey.
A. karatjubeki Golosk.
A. Kronenburgii B.Fedtsch. ex Kneuck.
A. ammodytes Pall.

10 |A. arcuatus Kar. & Kir.
A
A
A
A

LE

Rl =N (O]
P (W

2
1

O N OB |WN|F-

. Turczaninovii Kar. et Kir.

. Sumneviczii Pavlov

. lasiophyllus Ledeb.

. scabrisetus Bong.

15 |Astragalus kokaschikii Gamajun
16 |A. macropetalus Schrenk

17 |A. unijugus Bunge 10 3 2
Species in total 50 14 35

Note. FK —Flora of Kazakhstan; AA — on the Herbarium of the Institute of Botany and Phytointroduction; MW — on the
Herbarium of Moscow University; I11 — on the Herbarium of Saint Petersburg State University.

(N OO [N|F| 1
1

0y =0 [N

w

In the herbarium of the Institute of Botany and Phytointroduction (AA), a total of 50 specimens related
to this subgenus were collected. The most frequently encountered and mostly collected between 1934-1941
were Astragalus unijugus (20.8 %) and Astragalus lasiophyllus (14.6 %). In the digital herbarium “Noev-
kovcheg” at Moscow State University (MW), 14 specimens were collected. Most of these were gathered in
1951, with the most common species being Astragalus arbuscula (33.3 %), A. polyceras (16.7 %), and
A. unijugus (16.7 %). In the herbarium of Saint Petersburg State University (LE), the majority of the
specimens were collected between 1958-1960. The predominant species were Astragalus macropetalus
(48.5 %) and A. turczaninovii (18.2 %). In the National Herbarium of Uzbekistan (TASH), 6 specimens were
recorded, including 4 specimens of Astragalus arbuscula (66.7 %) and 2 specimens of A. ammodytes
(33.3 %). Figure 2 shows several species of herbarium specimens of the subgenus Cercidotrix Bunge collect-
ed from the Betpak-Dala Desert. Analysis of herbarium collections showed that A. unijugus Bunge,
A. lasiophyllus, and A. turczaninovii are widespread and exhibit a high degree of distribution.

Based on herbarium specimens, a distribution map of species of the subgenus Cercidotrix Bunge within
the floristic regions of Kazakhstan was compiled (Fig. 3). According to the obtained data, the species
A. kokaschikii Gamajun and Astragalus sumneviczii Pavl. are recorded only from a single locality, which
confirms their status as rare and narrowly endemic species.

In this study, among the species belonging to the subgenus Cercidotrix Bunge (Astragalus L.), two spe-
cies are included in the Red Book. Considering these species individually:

Astragalus kokaschikii Gamajun is a rare local endemic species with a limited distribution range. It
flowers in June. The species is known from only one locality—the clay desert of Betpak-Dala, where it
grows along the banks of the dried-up Kokashyk riverbeds. Its extremely low abundance is a consequence of
economic and anthropogenic activities. As a conservation measure, the establishment of the Betpak-Dala
Nature Reserve has been proposed. It is necessary to determine the current state of the populations and de-
velop appropriate conservation measures [9].

Astragalus sumneviczii Pavl. is a rare local endemic species. It is a perennial plant 4-15 cm in height.
The species flowers from May to July and bears fruit from June to July. It grows on compacted sandy soils of
the Betpak-Dala region (Fig. 4). Due to anthropogenic activities, the probability of extinction of the species
is high. As a preventive conservation measure, the organization of the Betpak-Dala Nature Reserve is rec-
ommended. It is necessary to assess the current condition of the species in nature and establish protection
measures [9].
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Figure 4. Herbarium specimens of species of the subgenus Cercidotrix Bunge. in the Betpak-Dala
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Species of the subgenus Cercidotrix Bunge, found in the territory of Betpak-Dala, grow in various eco-
logical groups due to the adaptation of representatives of a related branch to the soil. In our research work,
we can identify 3 different groups. These are: sandy, rocky-gravel, clay-salt marshes. The species adapted to
these groups can be divided as shown in Figure 5. Regarding soil conditions, these plants are frequently
found on sandy soils; therefore, they are classified as psammophytes. Psammophytes are plants that grow on
sandy soils. They possess a xeromorphic structure and a well-developed root system. In psammophytes, ad-
ventitious buds are formed on the roots depending on the accumulation of sand, while adventitious roots de-
velop on the stems when they become covered with sand [3].

Ecological groups

Sandy soil Rocky and Cla‘y soil
gravelly soil |

X

¥

4

Astragalus ammodytes

A. Scabrisetus Astragalus polyceras Astragalus Sumneviczii
A. Turczaninovii A. scleroxylon A. lasiophyllus

A. polyceras A. compressus A. polyceras

A. Sumneviczii A. macropetalus A. scleroxylon

A. scleroxylon A. arbuscula A. ’”‘“"”"]""“I el

A. arbuscula A. arcuatus A. unijugus

A. compressus
A. virgatus
A. brachypus
A. karatjubeki
A. unijugus

Figure 5. Ecological groups of species of the subgenus Cercidotrix Bunge (Astragalus L.)

Astragalus is a polymorphic genus that includes a variety of life forms: annual ephemeral herbs, as well
as perennial herbaceous, shrubby, subshrub, and branched forms. Currently, there are 2,455 species of these
plants worldwide [26, 27].

Analysis of life forms according to 1.G. Serebryakov showed that the identified species belong only to
certain groups. The predominant life forms are perennial plants (9 species), shrubs (2 species), subshrubs
(2 species), sub-shrubs (3 species), and dwarf semi-shrubs (1 species) which can be seen in Table 3.

Ecological analysis of the subgenus indicates a wide distribution of xerophytes and mesophytes in de-
sert and gravelly habitats [26, 27].

Table 3

Life forms according to 1.G. Serebryakov

Ne Species Types life form
1 | Astragalus ammodytes Perennial grasses

2 | Astragalus arbuscula Bush

3 | Astragalus arcuatus Perennial grasses

4 | Astragalus brachypus Subshrub

5 | Astragalus compressus Subshrub

6 | Astragalus karatjubeki Subshrub

7 | Astragalus kokaschikii Bush

8 | Astragalus Kronenburgii Perennial grasses

9 | Astragalus lasiophyllus Perennial grasses
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Continuation of Table 3

Ne Species Types life form
10 | Astragalus macropetalus Perennial grasses

11 | Astragalus polyceras Subshrub

12 | Astragalus scabrisetus Perennial grasses

13 | Astragalus scleroxylon Subshrub

14 | Astragalus Sumneviczii Perennial grasses

15 | Astragalus Turczaninovii Perennial grasses

16 | Astragalus unijugus Shrub

17 | Astragalus virgatus Perennial grasses

In the course of a study by C. Raunkier, the life forms of Cercidotrix Bunge species were identified. Of
these, 41.2 % are hemicryptophytes (7 species), phanerophytes — 41.2 % (7 species) and hametophytes —
17.6 % (3 species) in Figure 2 [30].

H Hemicryptophytes  mPhanerophytes ® Chamaephytes

Figure 5. Life forms of representatives of the related branch of Cercidotrix Bunge according to C. Raunkier

Conclusion

Thus, on the basis of field studies, collection of information on scientific publications and analysis of
the herbarium fund, it was found that 17 species of representatives of the genus Astragalus L grow on the
territory of Betpak-Dala. Ranking by ecological groups and life forms was carried out. Depending on
moistening conditions xerophyte species prevail, perennial herbaceous, bushes plants dominate by life form.
Species with fodder value were identified.

Funding

This research was funded by the Ministry of Ecology and Natural Resources of the Republic of
Kazakhstan: BR23591088 “Creating the Ulytau Plant Cadastre as Kazakhstan Law tasks™ implementation
“On Plant World” for sustainable use of region botanical resources” (2024—2026).

Conflict of interest
The authors declare no conflict of interest.
Author contribution

The manuscript was written through contributions of all authors. All authors have given approval to the
final version of the manuscript. CRediT: Turarova Ye.M. — conceptualization, project administration; in-
vestigation, writing, review and editing; Osmonali B.B. — methodology, validation, data curation;
Mamurova A.T. — project administration, supervision.

178 Fundamental and Experimental Biology. 2026, 31, 3(123)



Ecological and geographical characteristics...

References

1 Sxosnes I'.Il. Bo6oBsre 3emuoro mapa / I'.I1. SIkoneB. — JI.: Hayka, 1991. — 144 c.

2 Tau6apos JI.III. HoBoe mectoHaxoxaenue Buaa Astragalus mollis M. Bieb. (Fabaceae) Bo ¢mope HaxnueBanu (Asep6aii-
mkan) / JI.II Tanbapos, E.A. AcmanoBa, H.K. AGbacoB // bBromnerenp Hayku u mpaktuku. — 2023. — T. 9, Nell. —
C. 75-79.

3 Heba-Tallah Abd Elrahim Abd Elkader. Astragalus species: Phytochemistry, biological actions and molecular mechanisms
underlying their potential neuroprotective effects on neurological diseases / Heba-Tallah Abd Elrahim Abd Elkader, Amina Essawy,
Ahmed S. Al-Shami // Phytochemistry. — October 2022. — Vol. 202. — 113293 https://doi.org/10.1016/j.phytochem.2022.113293

4 Li X. A review of recent research progress on the astragalus genus / X. Li, L. Qu, Y. Dong, L. Han, E. Liu, S. Fang,
Y. Zhang, T. Wang // Molecules. — 2014. — 19(11). — 18850-18880. doi: 10.3390/molecules191118850. PMID: 25407722;
PMCID: PMC6270929.

5 [TIlasnoB H.B. ®nopa Kazaxcrana: [B 9-u 1.] / H.B. [1aBnoB. — Anma-Ara: 3n-Bo AH Ka3CCP, 1961. — T. 5. — 515 c.

6 CepramueBa M.VY. Pactenus poga Acrtparan: nepcrnekTuBbI npuMeneHus B papmanun / M.Y. Cepramuesa, M.B. Maxurosa
M.A. CamotpyeBa // AcTpaxaHckuii MequuuHCcKui sxypraan. — 2015, — T. 10, Ne 2. — C. 17-31.

7 Ceperun A. I'epbapuit Mockosckoro yrusepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHUBepcuTeT uM. JlomoHocoBa. Habop manHBIX 0 BeTpedaemocTH https://doi.org/10.15468/cpnhce, moctyn momryden gepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799016501

8 TonockokoB B.II. MmmoctpupoBanHblii onpenennTens pactennit Kasaxcrana [B 2-x T.]. / B.II. 'onockokoB — Anma-Ara:
Wzn-Bo «Hayxa» Kazaxckoit CCP, 1972. — T.2 — 572 c.

9 bBaiirenoB M.C. Kazakcranubiy Kpi3butr kita0bbl / M.C. Baiitenos, P.O.3akupoBa, E.M. AGeHoB. — 2-06ac., ©HI. XoHE
TonbIKT. — Actana, JKIIC «ApTPrintXXI», 2014. — 2-mi Tom: Ocimaikrep. — b. 169.

10 Plants of the World Online. — POWO, 2024. — [Electronic resource]. — Access mode: https://powo.science.kew.org
11 GBIF | Global Biodiversity Information Facility, 2025. — [Electronic resource]. — Access mode: https://www.gbif.org/
12 iNaturalist. — [Electronic resource]. — Access mode: https://www.inaturalist.org/

13 Tudposoii repbapuiit MI'Y. — [DnexrporHsiii pecype]. — Pexum nocryma: https://plant.depo.msu.ru/

14 Ceperun A. I'ep6apuit MockoBckoro yrusepcurera (MB) [Onexrponnstii pecypc] / A. Ceperun. — 2026. — Bepcns 1.416.
MockoBckHi TOCYIapCTBEHHBIH yHUBEpcHTET UM. JlIomoHOCOBa. Habop maHHBIX 0 BeTpedaemoctu. https://doi.org/10.15468/cpnhcc,
nocrtyn mosiyden yepe3 GBIF.org 13.01.2026. — Pesxum pocryma: https://www.gbif.org/occurrence/1799016467

15 Ceperun A. I'epbapuit MockoBckoro ynusepcurera (MB) / A.Cepernn. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHUBepcuTeT uM. JlIomoHocoBa. Habop nanubIX 0 BeTpedaemocTH https://doi.org/10.15468/cpnhee, moctyn mosydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799016536

16 Ceperun A. I'epbapuit MockoBckoro ynusepcurera (MB) / A.Cepernn. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHUBepcuTeT uM. JlIomoHocoBa. Habop nanHbIX 0 BeTpedaemocTH https://doi.org/10.15468/cpnhee, moctyn mosydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799016518

17 Ceperun A. I'epbapuit MockoBckoro ynusepcurera (MB) / A.Cepernn. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHUBepcuTeT uM. JlIomoHocoBa. Habop nanubIX 0 BeTpedaemocTH https://doi.org/10.15468/cpnhce, moctyn mosydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799018480

18 Ceperun A. I'epbapuit Mockosckoro yHuBepcutera (MB) / A. Cepernn. — 2026. — Bepcus 1.416. MockoBCKuii rocynap-
CTBEHHBIN yHUBepcuTeT uM. JlIomoHocoBa. Habop manHbIX 0 BeTpedaemocTH https://doi.org/10.15468/cpnhee, moctyn mosydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799018507

19 Ceperun A. I'epbapuit Mockosckoro yHuBepcutera (MB) / A. Cepernn. — 2026. — Bepcus 1.416. MockoBCKuii rocynap-
CTBEHHBIN yHUBepcHuTeT uM. JlomoHocoBa. HaGop naHHBIX 0 BcTpedaemocTH https://doi.org/10.15468/cpnhce, moctyn nmorydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799067546

20 Ceperun A. I'epbapuit Mockosckoro yausepcutrera (MB) / A. Ceperun. — 2026. — Bepcnst 1.416. MockoBckuit rocynap-
CTBEHHBIN yHUBepcHuTeT uM. JlIomoHOcoBa. HaGop maHHBIX 0 BcTpedaeMocTH https://doi.org/10.15468/cpnhce, moctyn moryden yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1697719225

21 Ceperun A. I'epbapuit Mockosckoro yrausepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHUBEpcHuTeT UM. JlIomoHOcoBa. Habop maHHBIX 0 BeTpewaemMoctH https://doi.org/10.15468/cpnhec, moctyn nonydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799019092

22 Ceperun A. I'epbapuit Mockosckoro yuausepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHHBepcuTeT M. JlomoHocoBa. Habop nanHbIX 0 BeTpedaemoctH https://doi.org/10.15468/cpnhce, noctyn nmonyden yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799017904

23 Ceperun A. I'epbapuit Mockosckoro yuuBepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
CTBEHHBIN yHHBepcuTeT UM. JlomoHocoBa. Habop nanHbIX 0 BeTpedaemoctH https://doi.org/10.15468/cpnhce, qoctyn nmonydeH yepes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799019387

24 Ceperun A. I'epbapuit Mockosckoro yuusepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocynap-
cTBeHHBIN yHHBepcuTeT uM. JlomonocoBa. Habop manubix 0 Berpedaemoct https://doi.org/10.15468/cpnhce, noctym nosy4eH depes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799019418

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 179


https://www.sciencedirect.com/journal/phytochemistry
https://doi.org/10.1016/j.phytochem.2022.113293
https://www.gbif.org/occurrence/1799016501
https://powo.science.kew.org/
https://www.gbif.org/
https://www.inaturalist.org/
https://plant.depo.msu.ru/
https://www.gbif.org/occurrence/1799016467
https://www.gbif.org/occurrence/1799016536
https://www.gbif.org/occurrence/1799018507
https://www.gbif.org/occurrence/1799067546
https://www.gbif.org/occurrence/1697719225
https://www.gbif.org/occurrence/1799019092
https://www.gbif.org/occurrence/1799017904
https://www.gbif.org/occurrence/1799019387
https://www.gbif.org/occurrence/1799019418

Ye.M. Turarova, B.B. Osmonali, A.T. Mamurova

25 Ceperun A. I'epbapuit Mockosckoro yuusepcutera (MB) / A. Ceperun. — 2026. — Bepcus 1.416. MockoBckuii rocyaap-
CTBEHHBIN yHHBepcuTeT uM. JlomoHocoBa. Habop manHbIX 0 BeTpedaemoct https://doi.org/10.15468/cpnhcc, qoctyn monyden depes
GBIF.org 13.01.2026. https://www.gbif.org/occurrence/1799019422

26 CepebpsixoB WN.I'. Dxonoruueckue rpymmbl U xku3HeHHbIe Gopmbl pactenuii / I.I. CepebpsikoB // Botanunka (AHatomus u
Mopdomnorust pacrenunii). — M., 1978. — C. 431-461.

27 CepebpsixoB W.I". )Knznennsie GpopMsl BeIcInX pacteHui n ux nsydenue / M.I'. CepeGpsikos // [ToneBast 6otanuka. — M. —
JI.: Hayka, 1964. — T. III. — C. 146-205.

28 Tlommasckas .M. Dxonorus pacrennii / I'.1. ITommasckas. — M.: CoBeTckas Hayka, 1948. — 296 c.

29 Raunkiaer C.The Life forms of plants and statistical plant geography / C. Raunkiaer. — Oxford: Clarendon press,
1934. — 632 p.

30 ITaBnenko A.B. Pox Astragalus L. Bo ¢uope roro-3amannoro Komernara (Typkmenucran) / A.B. [TaBnenko // [Ipo6nemsr 60-
tauuk KOxHo#t Cubupu u Mounronuu. «Kamenunckue utenus». Crenuansbiii Beimyck. — 2024, — T. 23, Nel. — C. 211-217.

31 Cenerun B.A. BeeneHue B ecTecTBeHHO-UCTOpUUecKoe u3ydeHue bernak-nmana / B.A. Cenesun // Tpynet CAI'Y. XlI-a. —
1935 r. — I'eorpadums. Bem.12.

E.M. Typaposa, b.b. Ocmonanu, A.T. MamypoBa

Bernaknana aymarsinaarsl Cercidotrix Bunge TybicTapMarbl
OKLIIePiHIH IKOJOTMSUIBIK-Te0TrpapusiiIbIK epeKuIeikTepi

Makanana anram per bermaknana aymarbiaaarsl Cercidotrix Bunge TapMarbIHBIH TYp Kypambl MeH
reorpadysUIBIK Tapalybl Typalbl JepeKTep JKyHeIeHIipiiin, HaKTUTaHasl. Byl 3epTTey repOapuii KOIIeKIHs
KopnapsHbIH (AA, MW, LE, TASH) Tanmays! MeH Ka3ipri epicTik Oakpulaylapra Heri3aenreH. 3epTTeymiH
FBUIBIMH JKaHAJIBIFBI 91e0U JepeKTep MeH repOapuili MaTepHaliapblH MHTerpanusuiay apksuiel bermakmana
mwen sKkoxyiecinmeri Cercidotrix Bunge ekiiepiHiH 3KOJOTHSIBIK-reorpadusuIblK  epeKIISTiKTepiH
HaKTbUIAy, Oy ONapAblH OHOANyaHTYPJLTITiH >XOHE OSKOJIOTHSUIBIK CHIIATTapblH TEpeHipeKk Oaranmayra
MYMKiHIIK Oepeni. JKypri3iireH sKoJIOTrHsUIbIK-reorpadusiblK Taliay Kepeerkenaeit, Astragalus L. TybickiHa
KaTBICTBI JIEPEKTEP/i JKMHAY JKOHE XKyleney ajiFai per bermaknanana xoHe xanmnbl Kasakcran aymarbiHaa
JKy3ere achIpbUIpL.

Kinm cesoep: Astragalus, Cercidotrix, bernaknana, skonorus, reorpadus, repOapuii, Tipmiiik (Gpopmacsl,
3KOJIOTHSLIIBIK TOTI.

E.M. Typaposa, b.b. Ocmonanu, A.T. MamypoBa

IKoJI0ro-reorpaduyeckue 0cod0eHHOCTH npeacTaBuTesieit poaa Cercidotrix Bunge,
BCTPEYAOIINXCS HA TeppuTopru Bermakaanl

B Hacrosieii paboTe BIepBbIe CHCTEMATH3UPOBAHbI H YTOUHEHBI JaHHBIE O BUIOBOM COCTaBe U reorpadude-
CKOM pacIpocTpaHeHnu mpejcraButeseil moapoaa Cercidotrix Bunge ua teppuropuu Bermakmanst Ha ocHO-
Be aHanm3a repbapHbix komekuuit (AA, MW, LE, TASH) u coBpemeHHBIX NOJIeBBIX HaOMr0aeHui. HayuHast
HOBH3Ha MCCJICAOBAHUA 3aKIIIOYACTCA B MHTErpaliuu nnTepaTypme HCTOYHHUKOB U repGaprlx JAHHBIX IJIA
YTOYHEHHS SKOJIOr0-reorpapuueckix XxapakTeprucTik npeacrasureneii Cercidotrix Bunge B mycTsIHHOM 5KO-
cucteMe bernmaknainsl, 4To O3BOJISET TTy0)Ke OLICHUTh X OMOpa3HOOOpa3ue U IKOJIOTUUECKUE OCOOCHHOCTH.
TIpoBeeHHBIH aHAIN3 SKONOro-reorpapuyeckux AaHHbIX pona Astragalus L. moxassiBaer, 4to c6op U cHc-
TeMaTtHh3anus nHOOPMAIMH BIIIOJIHEHBI BIIEPBbIE Kak 11 bermaknansl, Tak 1 st Teppuropun Kasaxcrana B
LEJTOM.

Knioueswie cnosa: Astragalus, Cercidotrix, bermakmana, skonorus, reorpadus, repbapuii, sxiu3HeHHast hopma,
9KOJIOTHYECKasi IPYIIIa.
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