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Cenoflora of the relict species Anabasis cretacea Pall. in the Aktobe region

The article presents the results of a study (June-September, 2025) on the cenoflora of the relict species
Anabasis cretacea Pall. in the Aktobe region. The study confirmed the occurrence of Anabasis cretacea Pall.
is associated with Cretaceous uplands and escarpments. Based on the analysis of herbarium materials and
field investigations, the distribution sites of Anabasis cretacea Pall. populations were determined in the
Khobdinsky and Uil districts, with a description of the identified 9 cenopopulations. The composition of the
plant community, as well as the ecological and cenotic characteristics of the populations of Anabasis cretacea
Pall. were determined, reflecting the ecological conditions of the calcareous habitats where the studied popu-
lations occur. The leading families were Asteraceae (16 species), Brassicaceae (9 species), Chenopodiaceae
(8 species), Scrophulariaceae (5 species), Poaceae (4 species). The dominant genera included Astragalus L.
(5 species), Anabasis L. (3 species), and Artemisia L. (3 species). Ecobiological analysis confirmed the de-
sert-steppe character of the cenoflora with a minor contribution from meadow species. A complete checklist
of cenoflora Anabasis cretacea Pall. was presented, where 84 species belonging to 68 genera and 27 families
were identified.

Keywords: Anabasis cretacea Pall., cenopopulation, cenoflora, plant communities, life form.

Introduction

The Cretaceous uplands represent unique botanical and geobotanical formations located within the
steppe and desert zones of Eurasia. In areas where Upper Cretaceous carbonate rocks are exposed or occur
near the surface, distinct plant communities composed of calciphilous species have developed. The flora of
these chalk outcrops is characterized by a high concentration of rare and predominantly endemic species.
The floristic specificity is largely determined by the unique characteristics of the calcareous substrate, the
localized and fragmented nature of the habitats, as well as the historical and geological context of the regions
in which these outcrops are found [1].

The earliest descriptions of the vegetation of Cretaceous outcrops were given by Guldenstedt
(Giildenstadt, 1787, 1791) [2-3].

A number of works (Litvinov, 1902; Dubyansky,1905; Kozo-Polyansky, 1931; Volodina, 1982;
Didukh, 2018, etc.) have been devoted to the study of the flora of the Cretaceous outcrops of the Central
Russian Upland, the Don River basin, and the Trans-Volga region. Cretaceous substrates were studied in
England (Tansley, 1920; Tansley and Adamson, 1925; Hope-Simpson, 1940; Lloyd and Pigott, 1967, etc.),
Belgium (Butaye, 2005), etc. [4-13].

A number of studies have been devoted to studying the vegetation of Cretaceous outcrops in Western
Kazakhstan (Yanishevsky, 1905; Kolchenko, 1966; Cherkasova, 1970; Safronova, 1974; Gorchakovsky and
Matyashenko, 1975) etc. [14-18].

According to A.N. Kupriyanov (2020), the flora of the chalk outcrops of Western Kazakhstan has been
studied extensively and comprises more than 800 species [19].

The floral diversity of the Cretaceous uplands of the Urals was studied by O.A. Karimova (2017),
Ya. M. Golovanov, L.M. Abramova, S.M. Yamalov (2019, 2025), where 40 species listed in the Red Books
of different levels and 15 endemic species were identified in the Cretaceous highlands of the Orenburg
region. Research has noted that in Kazakhstan, where chalk massifs occupy the largest areas, chalks remain
largely without a special protection system [20-22]. Of great scientific interest are Quaternary relics that
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penetrated from the temperate and high latitudes of Eurasia during the periods of the greatest cooling of the
Pleistocene. The endangered ancient relics of Kazakhstan are subject to indispensable protection with the
allocation of protected areas [23].

Studies by Lu, Y. et al. (2023) show that climate change will lead to a reduction and shift in the distri-
bution range of typical desert species, while relict species will be less affected by climate change. This is due
to the fact that, compared with desert species, relict species have a deeper evolutionary history and have de-
veloped a wider range of adaptations after drastic environmental changes [24].

The relict species is Anabasis cretacea Pall. occurs on chalk substrates in the West Kazakhstan and
Aktobe regions [25]. Anabasis cretacea Pall. is confined to chalky slopes of uplands, growing within
calcephytic communities that develop in erosion-prone areas, and is regarded as a rare species associated
with chalk outcrops [26].

Aipeisova (2012) notes that calcephilic and petrophilic floral complexes are characterized by the
presence of endems, a significant predominance in the number of subendems, and relict species, which
indicates that the ancient core of the flora of the study area are calcephilic and petrophilic floral complexes,
on the basis of which the main floral complexes of the modern flora of the Aktobe floral district, which
includes the study area, arose [27].

In Russia, this species is classified as rare, vulnerable, and endangered by the taxon, and is listed in the
Red Book of the Orenburg, Saratov, Chelyabinsk Regions, and Bashkortostan [28-31].

Floral studies of Cretaceous outcrops in Western Kazakhstan have been the object of scientific research
more than once, but despite this, the study of populations of Anabasis cretacea Pall. in the Aktobe region
was not conducted.

Chalk hills, with their exceptional flora, are widespread in Western Kazakhstan. Within the Aktobe
region, they occupy a relatively large area—63,535.1 km? (Darbayeva, 2002), compared to the West
Kazakhstan, Atyrau, and neighboring Orenburg regions [32, 33].

The aim of this study is to conduct geobotanical studies to assess the current state of the populations of
the relict species Anabasis cretacea Pall. in the Aktobe region.

Experimental

Object of study

The relict species Anabasis cretacea Pall. is a perennial plant of the Chenopodiaceae family. Semi-
shrub, chamaephyte, xerophyte, calciphile. The Trans-Volga-Kazakh-Turanian type [34].

It grows on chalk, marl, variegated clays, less often on gravelly slopes and outcrops of bedrock [35].

Research methods

Geobotanical studies of cenopopulations of the relict species Anabasis cretacea Pall. began with the
study of herbariums of the genus Anabasis L. domestic and foreign herbarium collections to identify the
distribution sites of populations of the relict species Anabasis cretacea in Aktobe region, in particular in
Khobda, Wilsky, Yrgyzsky and Mugalzharsky districts. The floral composition of the Anabasis cretacea
cenopopulations was studied on standard plots of 100 m? where areas with a high density of Anabasis
cretacea were selected and 9 cenopopulations were surveyed.

The field work was carried out in June-September 2025 by the route-reconnaissance method, where we
outlined the optimal routes for surveying the territory to obtain the most reliable data. The geographical
location of the research object was obtained using a GARMIN Etrex 20x GPS navigator, and photographs
were taken using a Nikon digital camera.

At the sites of the relict species Anabasis cretacea. The ecological conditions of the habitats of the
populations were described, took into account exposure, altitude, illumination, soil cover, plant communities,
and determined the species composition. The calculation of species units was carried out using the method of
constructing sites based on cenopopulations. The biological and morphological classifications of
I.G. Serebryakov (1962) [36] were used in the analysis of flora. The assessment of species in relation to
moisture was carried out according to the A.P. Shennikov scale [37]. The vital states of the species were
determined according to the classification of T.A. Rabotnov [38].

When identifying species collected from A.cretacea cenopopulations, the corresponding volumes of the
books “Flora of Kazakhstan” (1960), “Illustrated Guide to Plants of Kazakhstan™ (1969) were used. Also,
certain types were specified by Doctor of Biological Sciences, Professor Aipeisova S.A.

The list of flora species is presented in accordance with the system of A.L. Takhtadzhyan [40]. Latin
names of plants according to S.K. Cherepanov [41] and S.A. Abdulina [42]. Kazakh names of plants are
given according to S.A. Arystangaliev and E.R. Ramazanov [43].

6 Fundamental and Experimental Biology. 2026, 31, 2(122)
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Results and Discussion

Location, ecological and cenotic state of populations of the relict species Anabasis cretacea Pall.

The territory of Aktobe region is located in steppe and desert zones [44]. It is believed that in ancient
times, the Aktobe region was twice subjected to devastating floods. The last time, 50 million years ago, the
sea stagnated here for a long time, and then retreated, which led to a change in the relief of these places. As a
result, there are natural monuments in the Bayganinsky, Kobdinsky, Uilsky, Mugalzharsky and Khromtau
districts, which were formed under the influence of destructive water and strong winds. The formations
belonging to the Cretaceous period are particularly well preserved [45].

Thus, three populations of Anabasis cretacea were studied in the territory of the Aktobe region, in
particular in the Kobdinsky and Wilsky districts, and a comprehensive study was conducted in accordance
with the goals and objectives set. A geobotanical characterization of plant communities containing the
studied 9 cenopopulations of Anabasis cretacea was carried out in order to determine their ecological and
cenotic relationship (Table 1).

Table 1

Ecological and cenotic characteristics of Anabasis cretacea Pall. populations.

Location GPS coordinates The projective cover %
AO, Khobdinsky district, N 50°32'13.3",
30 km southwest of the village. E 054°54'32.2" 40-50
Akyrap, Ishkargantau chalk massif h=241m
AO, Wilsky district, N 49°20'18.0",
Akshatau chalk ridge, E054°30' 29.7" 50-60
3 km from the village. Akshatau h=150m
AO, Wilsky district, onq "
Akshatau chalk ridge, E‘ gg 43351.26631. 40-45
11 km northeast of the village. Akshatau, h=135m '
towards Mukushtau mountain

The first population was studied in the Khobda district on the Ishkaragantau chalk ridge, 30 km
southwest of the village of Akyrap, on the chalk ridge of the Ishkaragan River valley, on the watershed of the
Bolshaya Hobda and Kiil rivers (Fig. 1).

The finely dissected western edge of the elevated watershed between two wide flat-bottomed valleys
occupied by the upper reaches of the left tributaries of the Bol. Khobdy—Ishkargan and Tumansha rivers.
Both rivers in this segment are drying watercourses along the talvegs of deeply embedded sayas with steep
sides. The main relief of the watershed plateau is a hollow, rolling plain, the heights of which gradually
decrease to the east towards the Bol River valley. Hobda; closer to the western edge, the relief becomes
sharper and turns into a Cretaceous lowland melkosopochnik, actually bearing the name Ishkargantau. To the
south, it passes into the similar, but less sharply dissected Karaganda Mountains massif, which forms the
watershed of the tributaries of the Kiil River—the Zhusalisai and Karaganda rivers.

Smelansky I. (2012) notes that the Ishkargantau Cretaceous massif stretches along the Ishkaragan valley
for about 15 km, and from 2 to 8 km deep into the plateau. It is a system of fragmentally dissected steeply
sloping chalk ridges and hills separated by flat-bottomed, zigzag-shaped dry valleys, often devoid of
pronounced talweg. The maximum heights of the watershed are within the massif—278-279 m above sea
level. The height difference to the Ishkaragan river terrace is about 100 m, the relative heights of the slopes
are within the first tens of meters, up to 50-60 m. The erosive parts of the slopes are composed of rocky
chalk, passing below into crumbly and coarse-grained talus, with pediments and deluvial plumes, cones from
the inner valleys of the massif, expressed on the slopes. In almost the entire territory of the massif, soils are
formed on a Cretaceous substrate [46].

The Cretaceous ridge forms a system of chalk peaks and hills with steep slopes, which is located in the
northwestern part of the region. Chestnut soils are represented by carbonate genera [47].

At this site, the following were investigated:1 — 2-3 cenopopulations. The coordinates of the first
population are N 50°32'13.3", E 054°54 '32.2", h=241m.

Cenopopulation 1 (CP 1) represents the tasbuyurguna-anabasis-wormwood association — ass.
Nanophyton erinaceum — Anabasis cretacea — Artemisia salsoloides. It covers the western and
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southwestern slopes, steep, shallow, with erosive forms. The slopes are formed by rocky chalk, which turns
into talus and fine-grained plumes. The entire system of Ishkargantau ridges is directed so that the plateau
gradually falls to the east and southeast towards the valley. The soils are underdeveloped, formed on a
Cretaceous substrate. The total projective coverage is 50 %. Rising to the top, there is an arrangement of
calciphilous flora adapted to cretaceous soils, such as Nanophyton erinaceum, Anabasis cretacea, having the
greatest participation in the vegetation cover, along with rare and endemic species such as Anthemis
trotzkiana, Linaria cretacea, Crambe tataria.

At the Cretaceous outcrops, there are also Astragalus albicaulis, Matthiola fragrans, Ephedra
distachya, Jurinea kirghisoroum, Artemisia terrae-albae; in the depressions, one can find Astragalus
macropus, Convolvulus lineatus, Sedum hybridum, and Omnosma borysthenica. The community has
39 species. Rising to the top of the Cretaceous ridge, there is a decrease in the species composition.

CP 2 consists of ass. Anabasis cretacea-Anthemis trotzkiana. with mixed herbs. It represents the
northern exposure of the chalk ridge, directed to the river valley, the erosive sections of the slope are covered
with stony chalk, turning down into crumbly and coarse-grained talus. They are covered with stony chalk.
The soils are underdeveloped, without a humus horizon. The relief is highly dissected. The total projective
coverage is 50 %. The slope is darker, with varying degrees of calcification. The vegetation is dense and
includes various grass species. The community has 36 species. Common vegetation components are
Anabasis cretacea, Artemisia terrae-albae, Echinops ritro, Galium ruthenicum. on Cretaceous outcrops,
Tulipa biebersteiniana, Centaurea adpressa, Allium globosum, Iris scariosa, Zygophyllum pinnatum,
Astragalus brachylobus, Matthiola tatarica, Ephedra distachya (Fig. 2).

At the foot of the mountain range, carbonate soil is widespread, with a predominance of representatives
of the cereals Psathyrostachys juncea, Koeleria cristata, Stipa sareptana. In addition, Atraphaxis frutescens,
Scabiosa isetensis, Rhammatophyllum pachyrhizum, Atriplex cana, Convolvulus lineatus are common
between the hill depressions.

CP 3 represents ass. Anabasis cretacea — Artemisia salsoloides. It covers the top of the chalk hills. The
soils are underdeveloped, they represent small fragments of chalk, turning into large-scale cretaceous
deposits closer to the foot. Cretaceous deposits are exposed due to erosion and flushing from the plateau. The
total projective coverage is 40-45 %. Vegetation is sparse and spotted, and Nanophyton erinaceum,
Artemisia salsoloides, Anthemis trotzkiana, Artemisia terrae-albae, and Matthiola fragrans are most
involved in the vegetation cover. According to the rocky slope of Linaria cretacea, Galitzkya spathulata,
Inula multicaulis was noted along the slope. Serratula wolfii is found on the sole, between the hills of
Limonium gmelinii. Euphorbia seguierana can also be found at the top of the hill with an outlet of rocky
rocks. The community is small, with 22 species. There is a decrease in species towards the top of the
Cretaceous ridge.

71 species belonging to 58 genera and 25 families were identified in the vegetation cover of the first
population.

Figure 1. The first population: A, B — Ishkaragantau Cretaceous massif;
C, D — Anabasis cretacea population (June, 2025)
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Figure 2. Zygophyllum pinnatum (A), Nanophyton erinaceum (B), Linaria cretacea (C), Anthemis trotzkiana (D)

The second population was studied in the Wilsky district, 3 km from the village Akshatau, located on
the right bank of the Uil River, on the Akshatau chalk ridge, coordinates N 49°20'18.0", E 054°30' 29.7",
h = 150 m have been determined (Fig. 3).

According to Smelansky (2012), the website Plantarium
https://www.plantarium.ru/lang/en/page/landscapes/point/1517.html describes the geographical position of
the Akshatau Cretaceous ridge as follows: the right side of the Uil river valley below the confluence of the
Kiyl River is formed by a chink (steeply sloping scalloped edge) of a cretaceous plateau armored with
calcified sandstones; the elevation difference on the plateau ledge reaches more than 100 m (up to 186 m non
the brow of the slope, 80 m n.o.m. on the overflowing terrace of Uila); the general exposition of chinka—
east-south-east; The edge of the plateau is deeply and fractionally dissected by valleys and dens, forming a
more or less complex maze of straight and curved small-scale ridges, and single remnant hills; on the terrace
under the chin, a wide plume formed by Cretaceous limestone and carbonate clays is well defined.

Light chestnut normal soils are found on watershed plains, gentle slope of hills, inter-mountain high
plains and river valleys [47].

Figure 3. Akshatau Cretaceous ridge (A, B), population of Anabasis cretacea Pall. (C) (July-August, 2025)

CP 4 ass. Nanophyton erinaceum — Anabasis cretacea. It covers the southeastern slope of the
Akshatau chalk ridge. Steep chalk slope caused by erosion. The soils are light chestnut. The slope is based on
cretaceous rocks such as limestones, marls, interspersed with sandstones, thereby creating a solid frame and
leaving it resistant to weathering. The projective coverage is 50-55 %. The cenopopulation (CPU) includes
28 species.

Rising to the top, there is an arrangement of calciferous flora adapted to the cretaceous soils that were
located at the top, such as Nanophyton erinaceum, Anabasis cretacea. The slopes are covered with desert-
steppe vegetation of Artemisia terrae-albae, Atraphaxis frutescens. A wormwood-biyurgun association is
common at the foot, honeycombs from Artemisia gracilescens, Koeleria cristata. In terms of between the
hills grows Amygdalus nana, Limonium gmelinii.

CP 5 ass. Nanophyton erinaceum — Artemisia terrae-albae — Anabasis cretacea. The projective
coverage is 55-60 %. It represents the eastern slope, which is less steep than the western ledges. The slope is
formed by cretaceous rocks reinforced with sandstones, creating ledges, and dissected by ravines. The more
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or less steep walls of the slope, rising up, are covered with calciferous vegetation — Nanophyton erinaceum,
Anabasis cretacea, and the gentle places are occupied by steppe vegetation, such as wormwood. The eastern
slope is located near the village of Akshat, which is 3 km away, is interesting and accessible for observation.
The soils are light chestnut, fully developed, with chalk inclusions. The community has 24 species.

The vegetation consists of Nanophyton erinaceum, Artemisia terrae-albae, Anabasis cretacea, and on
the slope, a small amount of Anabasis truncata; closer to the base, Anabasis salsa, Eremogone koriniana.

In the hollow between the hills, Artemisia salsoloides and Limonium gmelinii are mixed in.

CP 6 ass. Artemisia terrae-albae — Anabasis cretacea. The projective coverage is 50 %. It covers the
northeastern slope. It is based on cretaceous rocks, with admixtures of limestone, marls, and sandstones. The
soils are light chestnut, fully developed. The community has 27 species. The top of the slope is covered with
calciferous flora, with a predominance of Nanophyton erinaceum and Anabasis cretacea, on gentle areas
wormwood-thyrsus vegetation.

There are large quantities of Anabasis salsa, Artemisia terrae-albae, from cereals — Stipa sareptana,
Agropyron desertorum. 46 species (18 families, 39 genera) participate in the plant community of the second
population.

The third population is in the Wilsky district, coordinates N 49°28'10.6", E 054°35'40.3", h = 135 m. It
was found to the northeast, 11 km from the village. Akshatau, towards Mukushtau mountain. At this site, the
following have been investigated: 7 — 8-9 cenopopulations (Fig. 4).

-

’ " .
. Q'Googk: Maps - N

Figure 4. A — Akshatau Cretaceous ridge, B, C — Anabasis cretacea Pall. population (July-August, 2025)

CP 7 ass. Artemisia terrae-albae — Anabasis cretacea, northern slope of the chalk hills. The soils are
light chestnut, with a large inclusion of chalk. The projective coverage is 40-45 %. 25 species participate in
the vegetation composition, with the largest participation being Artemisia terrae-albae, Anabasis cretacea,
Anthemis trotzkiana, Adonis wolgensis, Echinops ritro, Onosma polychroma, Crambe tataria, Eremogone
koriniana. On the slope, Gypsophila altissima.

Shrubby vegetation occurs along the depressions: curly-haired Atraphaxis frutescens, Spiraea
hypericifolia. On the bottom of the slope, Thymus marschallianus, Veronica spuria.

CP 8 ass. Artemisia salsoloides — Anabasis cretacea, south-western slope of the chalk hills. The
projective coverage is 40-45 %. The soils are underdeveloped, light chestnut, with a large number of
inclusions in the form of chalk. 19 species participate in the vegetation composition, the most involved are
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Scabiosa isetensis, Nanophyton erinaceum, Anabasis cretacea, Artemisia salsoloides, Crambe tataria,
Echinops meyeri, Erysimum odoratum, Atraphaxis frutescens, on the slopes Rhammatophyllum pachyrhizum,
Crinitaria linosyris, Limonium gmelinii in the depressions, Koeleria cristata abundantly at the foot.

CP 9 ass. Nanophyton erinaceum — Artemisia salsoloides — Anabasis cretacea. It is located on the
top of a chalk massif. The soils are light chestnut, with inclusions of chalk. The projective coverage is 35—
40 %. The plant community consists of the following species: Nanophyton erinaceum, Artemisia salsoloides,
Anabasis cretacea, Anthemis trotzkiana, Hedysarum razoumovianum. On the slopes of Galium ruthenicum,
Cephalaria uralensis, on depressions of Matthiola fragrans, Syrenia siliculosa. There are 19 species in the
cenopopulation.

37 species belonging to 32 genera and 16 families were identified in the vegetation cover of the third
population.

With the aim of identifying the relict species Anabasis cretacea, the flora of the chalk mountain Bestau
in the Khobda district was studied (N 50°18'40.5", E 056°06'02.0", h = 288 m). Despite ecological conditions
and geological substrate typical for this species, no population of Anabasis cretacea was found. This may
indicate the possible disappearance of the species from this area (Fig. 5).

.. SR - o~
A

Figure 5. Chalk Mountain Bestau (August, 2025)

Table 2
Composition of cenoflora Anabasis cretacea Pall.
=& T ~="
5i8 | gsa | gEss
Ne Families, genus, species g 8w g =2 g S Life forms
23 293 LY
»n o -+ 4 ST o
Z = Z —Z =
1 2 3 5 6
Magnoliphyta MAGNOLIOPSIDA
Ranunculidae RANUNCULACEAE
Adonis L.
1 Adonis wolgensis Stev. ’ + ‘ ‘ + | PH
Ranunculus L.
2 Ranunculus polyanthemos L. ‘ + ‘ ‘ | PH
Caryophlidae CARYOPHYLLACEAE
Dianthus L.
3 Dianthus cyri Fisch. et Mey. ’ + ‘ ‘ | ABH
Eremogone Fenzl.
4 | Eremogone koriniana (Fisch. ex Fenzl) lkonn. ‘ + ‘ + ‘ | SDS
Gypsophila L.
5 Gypsophila altissima L. ‘ + ‘ + ‘ + | PH
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Continuation of Table 2

1 2 3 4 5 6
CHENOPODIACEAE
Anabasis L.
6 Anabasis cretacea Pall. + + SDS
Anabasis salsa (C.A. Mey.) Benth. ex Volkens + + DS
Anabasis truncata (Schrenk.) Bunge + SDS
Atriplex L.
9 Atriplex cana C.A. Mey. ‘ + ‘ + ‘ ‘ SS
Camphorosma L.
10 Camphorosma monspeliaca L. ‘ + ‘ + ‘ + | SDS
Krascheninnikovia
11 Ceratoides papposa Botsch.et Ikonn. ‘ + ‘ ‘ + ‘ SDS
Nanophyton Less.
12 Nanophyton erinaceum (Pall.) Bunge ‘ + ‘ + ‘ + | SDS
Salsola L.
13 Salsola laricina Pall. ‘ ‘ ‘ + ‘ SDS
POLYGONACEAE
Atraphaxis L.
14 Atraphaxis frutescens (L.) C. Koch. ‘ + ‘ + ‘ + | S
PLUMBAGINACEAE
Goniolimon Boiss.
15 | Goniolimon elatum (Fisch. ex Spreng.) Boiss. ‘ + ‘ ‘ + | PH
Limonium Mill.
16 Limonium gmelinii (Willd.) O. Kuntze ‘ + ‘ + ‘ + ‘ PH
BRASSICACEAE
Alyssum L.
17 Alyssum lenense Adam ‘ + ‘ ‘ | SDS
Galitzkya L.
18 | Galitzkya spathulata (Steph.) V.Boczantzeva ‘ + ‘ ‘ ] PH
Crambe L.
19 Crambe tataria Sebeok. ‘ + ‘ + ‘ + | PH
Erysimum L.
20 Erysimum odoratum Ehrh. ‘ + ‘ ‘ + ‘ ABH
Lepidium L.
21 Lepidium songaricum Schrenk ‘ + ‘ ‘ ‘ PH
Matthiola R. Br.
22 Matthiola fragrans Bunge. + + + SDS
23 Matthiola tatarica (Pall) DC. + + PH
Rhammatophyllum O.E. Schulz
24 | Rhammatophyllum pachyrhizum (Kar. et Kir) ‘ ‘ ‘ + ‘ SS
Syrenia Andrz.
25 Syrenia siliculosa (Bieb.) Andrz. ‘ + ‘ + ‘ + ’ ABH
EUPHORBIACEAE
Euphorbia L.
26 Euphorbia seguierana Neck. ‘ + ‘ ‘ ‘ PH
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Continuation of Table 2

1 2 | 3 | 4 | 5 | 6
Rosidae CRASSULACEAE
Sedum L.
27 Sedum hybridum L. ‘ + ‘ ‘ ‘ PH
ROSACEAE
Amygdalus L.
28 Amygdalus nana L. ‘ ‘ + ‘ | S
Filipendula Adans.
29 Filipendula vulgaris Moench ‘ + ‘ ‘ ‘ PH
Spiraea L.
30 Spiraea hypericifolia L. ‘ + ‘ + ‘ + | S
RHAMNACEAE
Rhamnus L./ Frangula L.
31 Frangula alnus Mill. ‘ ‘ + ‘ | S
FABACEAE
Astragalus L.
32 Astragalus albicaulis DC. + SDS
33 Astragalus brachylobus DC. + S
34 Astragalus macroceras C.A. Mey. + SS
35 Astragalus macropus Bunge. + SS
36 Astragalus vulpinus Willd. + SS
Caragana L.
37 Caragana balchaschensis (Kom.) Pojark. + S
Hedysarum L.
38 | Hedysarum razoumovianum Fisch. et Helm. + + SDS
39 | Hedysarum tsherkassovae Knjasev sp.nov + + PH
ZYGOPHYLLACEAE
Zygophyllum L.
40 Zygophyllum pinnatum Cham. ‘ + ‘ ‘ ’ PH
SANTALACEAE
Thesium L.
41 Thesium arvense Horvatovszky ‘ + ‘ + ‘ ‘ PH
APIACEAE
Seseli L.
42 | Seseli eriocephalum (Pall. ex Spreng.) Schischk. + PH
43 Seseli libanotis (L.) Koch + PH
CAPRIFOLIACEAE
44 Lonicera tatarica L. ‘ ‘ + ‘ ’ S
DIPSACACEAE
Cephalaria Schrad.
45 | Cephalaria uralensis (Mur.) Roem. et Schult. ‘ + ‘ + ‘ ] SDS
Scabiosa L.
46 Scabiosa isetensis L. ‘ + ‘ + ‘ + ‘ PH
Lamiidae RUBIACEAE
Galium L.
47 Galium ruthenicum Willd. ‘ + ‘ + ‘ + ‘ PH
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Continuation of Table 2

CONVOLVULACEAE
Convolvulus L.

1 2 3 4 5 6
48 Convolvulus fruticosus Pall. + SS
49 Convolvulus lineatus L. + SS

BORAGINACEAE
Onosma L.

50 Onosma borysthenica Klok. + + ABH

51 Onosma polychroma Klok. ex M. Pop. + + PH

SCROPHULARIACEAE

Linaria Mill.

52 Linaria cretacea Fisch. ex Spreng. ‘ + ‘ ‘ ‘ PH
Pedicularis L.

53 Pedicularis dasystachys Schrenk ‘ + ‘ ‘ | PH
Verbascum L.

54 Verbascum phoeniceum L. ‘ ‘ + ‘ ‘ PH
Veronica L.

55 Veronica incana L. + + + PH

56 Veronica spuria L. + + PH
LAMIACEAE
Phlomis L.
57 Phlomis tuberosa L. ‘ + ‘ + ‘ | PH
Salvia L.
58 Salvia stepposa Shost. ‘ + ‘ ‘ ‘ PH
Thymus L.
59 Thymus marschallianus Willd. ‘ + ‘ + ‘ + | SDS
Asteridae ASTERACEAE
Achillea L.
60 Achillea nobilis L. | + | + | ] PH
Anthemis L.
61 Anthemis trotzkiana Claus ex Bunge. ‘ + ‘ ‘ + | SDS
Artemisia L.
62 Artemisia gracilescens Krasch. et Iljin. SDS
63 Artemisia salsoloides Willd. + SDS
64 Artemisia terrae-albae Krasch. + SDS
Centaurea L.
65 Centaurea adpressa Ledeb. ‘ + ‘ + ‘ ] PH
Cousinia
66 | Cousinia astracanica (Spreng.) Tamamsch. ‘ + ‘ + ‘ + ‘ PH
Galatella L.
67 Crinitaria linosyris (L.) Less. + + + PH
68 Crinitaria villosa (L.) Grossh. + PH
Echinops L.
69 Echinops ritro L. + + PH
70 Echinops meyeri (DC.) Iljin + PH
14 Fundamental and Experimental Biology. 2026, 31, 2(122)
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Continuation of Table 2

1 2 | 3 | 4 | 5 | 6
Hieracium L.
71 Hieracium virosum Pall. ‘ ‘ + ‘ | PH
Inula L.
72 Inula multicaulis Kar. + SS
Jurinea L.
73 Jurinea kirghisoroum Janisch. ‘ + ‘ ‘ ‘ SDS
Serratula L.
74 Serratula wolfii Andrae ‘ + ‘ + ‘ | PH
Tanacetum L.
75 Tanacetum millefolium (L.) Tzvel. ‘ + ‘ + ‘ ‘ PH
LILIOPSIDA Liliidae
IRIDACEAE
Iris L.
76 Iris scariosa Willd. ex Link | + | | | PH
LILIACEAE
Tulipa L.
77 | Tulipa biebersteiniana Schult. et Schult. fil. ‘ + ‘ ‘ | PH
ALLIACEAE
Allium L.
78 Allium globosum Bieb. ex Redouté. ‘ + ‘ ‘ I PH
POACEAE
Agropyron Gaertn.
79 |Agropyron desertorum (Fisch. ex Link.) Schult.‘ ‘ + ‘ + ] PH
Koeleria Pers.
80 Koeleria cristata (L.) Pers. ‘ + ‘ + ‘ + | PH
Psathyrostachys
81 Psathyrostachys juncea (Fisch.) Nevski ‘ + ‘ + ‘ + ] PH
Stipa L.
82 Stipa sareptana A. Beck. +
83 Stipa capillata L. + + + PH
Kn. GNETOPSIDA
EPHEDRACEAE
Ephedra L.
84 Ephedra distachya L. ‘ + ‘ PH

Note. Life forms: S — shrub; Ss — semi-shrub; DS — dwarf shrub; SDD — semi-dwarf shrub; PH — perennial herbs;
ABH — annual and biennial herbs

Thus, 71 species belonging to 58 genera and 25 families were identified in the territory of the first
population. The second population consists of 46 species belonging to 39 genera and 18 families. The third
population includes 37 species belonging to 32 genera and 16 families.

As a result of the determination of the cenoflora of three populations of Anabasis cretacea: 84 plant
species belonging to 68 genera and 27 families were identified (see Table 2). Life forms have been identified
(Table 2), the leading flora families (Fig. 6).
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Figure 6. Leading families of the flora of Anabasis cretacea Pall.

As shown in Table 3, the 9 leading families account for 60 species, which is 69.7 (%) of the total
composition of the cenoflora.

The most numerous in their species composition are such families as: Asteraceae (16 species),
Brassicaceae (9 species), Chenopodiaceae (8 species), Scrophulariaceae (5 species), Poaceae (4 species). The
leading genera are Astragalus L. (5 species), Anabasis L. (3 species), and Artemisia L. (3 species).

As in the flora of the Aktobe floral district (AFD) [48], Asteraceae ranks first in terms of the number of
species. Brassicaceae occupies the second position in terms of the number of species, which is in third place
in the flora of the AFD. This is due to the greater proportion of steppe species in the study area.

B Population 1 - species Population 1 - genera Population 2 - species
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Figure 7. Comparative characteristics of species and genera by family in populations

In the first population, the family Asteraceae is represented by 13 species, Brassicaceae — 8 species,
Fabaceae — 7 species, Chenopodiaceae — 5 species; in the second population, Asteraceae — 11 species,
Chenopodiaceae — 6 species, Poaceae — 5 species; in the third population, Brassicaceae are more numerous
— 7 species, Asteraceae — 6 species, Chenopodiaceae and Poaceae — 5 species. The remaining families are
represented (19 families) by 1-2 species in each population (Fig. 7).

In addition, in the cenoflora of Anabasis cretacea, a significant number are perennial — 79 species, and
biennial (annual-biennial) — 5 species (Fig. 8).
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Figure 8. Proportion of life forms in different types of vegetation (%)

We have compared the ratio of life forms in different types of plants with AFD. The comparison
revealed that the percentage of tree forms in the study area (9.5 %) is higher than the AFD index by 2.8 %.
Herbaceous plants account for 59.5 %, which is 25.8 % less than in the flora of the AFD [48]. This is due to
a large proportion of steppe species.

As shown in Table 5, the overwhelming majority of woody and semi-woody forms are represented by
subshrubs (8 species), semi-dwarf shrubs (18 species), shrubs (7 species), and dwarf shrubs (1 species).
There are 46 species of perennial herbaceous plants, and 5 species of biennial herbaceous plants.

Conclusion

The ecological and cenotic state and floral composition of 9 cenopopulations of the relict species
Anabasis cretacea Pall. have been studied on the territory of Aktobe region. Calcifytic endemes are
dominant in the community of three populations, which is explained by the ecological conditions of the
habitats.

The cenoflora of Anabasis cretacea includes 84 species belonging to 27 families and 68 genera.
Numerous families by species composition are Asteraceae (16 species), Brassicaceae (9 species),
Chenopodiaceae (8 species), Fabaceae (8 species), Scrophulariaceae (5 species), Poaceae (5 species). The
leading genera are Astragalus L. (5 species), Anabasis L. (3 species), and Artemisia L. (3 types).

In order to preserve the distinctive Cretaceous flora, including relict and endemic species such as
Anabasis cretacea, a micro-reserve should be established on the Akshatau massif in the vicinity of S. Uil, as
previously proposed by Aipeisova (2013) [48], which will ensure the limitation of anthropogenic impact.
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A.b. Koxxabeprenona, C.A. Alineucosa, .M. AtaeBa, B. MantokeBu4, M.M. CunantseBa

AKTe0e odabichIiHAaFbl Anabasis cretacea Pall. pemkri Typinin nenodgaopacor

Makanana Axrebe oGmbichiHmarer Anabasis cretacea Pall. pemukri TypiniH neHodOpacsH (MaychM-
KbIpKyiiek, 2025) 3eprrey HorTmkenepi kenmripinred, Oynm Anabasis cretacea Pall. Gop Ttaymapsl meH
IIBIHIApbIHA COlKeCc KeJeTiHIIriH pacraigbl. Kasipri yakpITTa 3epTTenil OTHIPFaH ayMaKTa OHBIH TaOWFd
HOMYJSIIMSUIAPEl MEH KOpFay MIapajapbl Typajibl MOIIMETTep LIEKTEYJi, OyJ JKYpri3iireH >KYMBICTBIH
©3CKTUIIriH alikpiHmaiael. ['epbapuii Marepmammapbl MEH [allalblK 3epTTEYIepAl 3epTTey OaphIChIHIA
GemniHreH 9 HEHOMOMYJSUMSIHBI cHIaTTail oTwIpbi, Kobna xone Olibul aymanmapsiHaa Anabasis cretacea
Pall. nomymsinMsIapbIHBIH Tapajly OpBIHAAPHl aHBIKTAIABL OCIMAIKTEp KaybIMIACTHIFBIHBIH KypaMbl,
Anabasis cretacea Pall. NOMYyIAIUATIAPBIHBIH,  3KOJIOTUSIIBIK-IICHOTUKAIBIK KapaM/IbLIbIFbI ANKBIH AT,
MYHZIa [eHOo(IIopa 3epTTeeTiH MOMyJIisuiap Haiaa OOoJaThlH KalbHEUTTI TIPIIUTIK €Ty OpPTACHIHBIH
SKOJIOTHSUIBIK JKaFaaiinmapbiH kepcereni. JKerekmn TykpiMagactap — Asteraceae (16 Typ), Brassicaceae
(9 1yp), Chenopodiaceae (8 Typ), Scrophulariaceae (5 Typ), Poaceac (4 Typ). baceiM TykpiMmactap —
Astragalus L. (5 typ), Anabasis L. (3 Typ), Artemisia L. (3 Typ). DKOGHOJOTHSIIBIK Taay MIAIFbIHIbI
TypiepaiH a3 OoiybiMeH I[EeHO(IOpaHbIH MIeN-Jaia cunatelH pacraael.  Anabasis cretacea Pall.
HEHO(IIOPACHIHBIH TOJBIK Ti3iMi YCHIHBUIFaH, MyHAa 68 Tybicka, 27 TYKbIMIOacKa >XaTtaThlH 84 Typi
asikTanael.  Ochutaiimma AkreGe o6msickiHmarel  Anabasis cretacea Pall. ueHodiopachiHbIH Ka3ipri
KarnaiibiHa Oara oepini.

Kinm cesoep: Anabasis cretacea Pall., neHonomysiius, neHo(IOpa, 6CIMIIKTep KAYBIMAACTBIFBI, TipIIiIiK
(hopmackL.
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Llenoduopa peauxroBoro Buaa Anabasiscretacea Pall.
B AKTIOOMHCKOH 00J1acTH

B cratbe mpencTaBineHbl pe3yibTaThl MCCIIEAOBAHUS (UIOHB-CEHTSIOPh, 2025 T.) 1eHO(IOPHI PETUKTOBOTO
Buga Anabasis cretacea Pall. B AkTioOMHCKO# 065acTH, YTO MOATBEPIMIO NpUypoUeHHOCTH Anabasis
cretacea Pall. k MeTOBBIM BO3BBIICHHOCTSIM W YMHKaM. Ha TaHHBI MOMEHT CBEJICHHS O €0 TPUPOHBIX MO-
MyJIANASIX W OXpaHe Ha UCCIEAYeMOi TepPUTOPUH OCTAIOTCS OTPAHMYICHHBIMH, YTO MOMIEPKABAET aKTyallb-
HOCTh TIPOBEEHHO paboThL. B X0/e u3yueHus repbapHbIX MaTepHAIOB M MOJIEBBIX HCCIENOBaHHI Ompeie-
JIEHBI MECTa pacrmpocTpaHeHus momy sl Anabasis cretacea Pall. 8 Xo0auHckoM U YHICKOM paiioHax, ¢
OIHCAaHHEM BBIENCHHBIX 9 ueHomomyssiumid. ONpeneseH COCTaB PAaCTHTENBHOTO COOOIIECTBA, IKOJIOTO-
LEHOTHYECKast TIPUCIIOCOOIeHHOCTh momyJasiiuii Anabasis cretacea Pall., rae nenogopa otpakaer 3K0OJI0TH-
YECKHe YCIOBHS KAIbLE(QUTHBIX MECTOOOUTAHHH, B KOTOPBIX (OPMUPYIOTCSI HCCIIeLyeMble HOmy . Be-
IOyLIMMHA ceMelicTBaMu siBisitoTest Asteraceae (16 Bunos), Brassicaceae (9 sumos), Chenopodiaceae (8 BuoB),
Scrophulariaceae (5 sunos), Poaceae (4 Buna). lomunupyromumu poaamu sieistiorest Astragalus L. (5 Bumos),
Anabasis L. (3 Buma), Artemisia L. (3 Buna). DKOOHONIOTHYECKHIA aHAIM3 TTOATBEPII ITYCTHIHHO-CTEHOM Xa-
pakTep HeHO(IOPBI ¢ HE3HAUMTENBHBIM YIACTHEM JIYTOBBIX BHIOB. [IpeCcTaBleH MONHBIH MepedeHb [eH0d-
nopsl Anabasis cretacea Pall., rue soisiBieno 84 Buma, otHocsmmxcs kK 68 poxam u 27 cemeiictBam. Takum
00pa3omM, JjaHa Ol[CHKa COBPEMEHHOMY COCTOsIHHIO TieHo(opbl Anabasis cretacea Pall. B AxTioOuHCKO# 06-
JacTH.

Knroueswie crosa: Anabasiscretacea Pall., nenononymsiuust, neHodiopa, pacTUTENIbHbIE COOBINECTBA, KU3-
HeHHas gopmMa.
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Modern studies on the biodiversity of Sarcocystis and their role in ecosystems

The review summarizes current data on the biodiversity of parasites of the genus Sarcocystis and their signif-
icance for ecosystems, veterinary medicine, and public health. Sarcocystoses are considered diseases of pro-
nounced veterinary and zoonotic importance, as they lead to reduced productivity in farm animals, deteriora-
tion of meat quality, and may cause pathological effects in humans. Information on the taxonomic and geo-
graphic diversity of representatives of the genus, the specificity of intermediate and definitive hosts, as well
as the influence of environmental factors on parasite circulation has been analyzed. It is noted that the actual
species diversity of Sarcocystis significantly exceeds the number of morphologically described forms, which
is associated with the active implementation of molecular genetic identification methods. Modern diagnostic
approaches are reviewed, including morphological and histological studies, as well as molecular methods us-
ing markers such as 18S rRNA, coxl, and ITS-1, which make it possible to clarify taxonomic boundaries,
identify cryptic species, and analyze phylogenetic relationships. The need to integrate classical parasitological
and molecular methods to improve diagnostic accuracy, enhance monitoring, and develop preventive
measures is emphasized. It is concluded that an interdisciplinary approach combining parasitology,
epizootology, ecology, and molecular biology is essential, as it provides a deeper understanding of the evolu-
tionary relationships between parasite and host and forms a scientific basis for the effective control and pre-
vention of zoonotic sarcocystosis.

Keywords: Sarcocystis, biodiversity, ecology, parasites, morphology, molecular identification, zoonoses,
bioindicators.

Introduction

Sarcocystosis is one of the most widespread protozoan infections affecting domestic and wild animals,
as well as humans. The causative agents belong to the genus Sarcocystis (phylum Apicomplexa), which is
characterized by a complex life cycle involving obligatory alternation of intermediate and definitive
hosts [1-3]. The disease has both veterinary and zoonotic significance, as certain species, such as S. hominis
and S. suihominis, are capable of infecting humans [4-7]. In recent decades, the study of sarcocystosis has
acquired an interdisciplinary character, encompassing parasitology, molecular biology, epizootology, and
ecology.

The relevance of studying the biodiversity of Sarcocystis is determined by its high prevalence, its sig-
nificant role in animal population dynamics, and its potential use as a bioindicator of ecosystem health.
Modern research approaches make it possible not only to refine the taxonomic structure of the genus but also
to reveal new aspects of the impact of these parasites on the biosphere [8].

Recent advances in molecular characterization have revolutionized the identification of Sarcocystis spe-
cies, overcoming the limitations of traditional morphological methods. Although morphological features,
such as cyst wall structure, have historically been used for diagnosis, they often fail to reliably differentiate
closely related species [9, 10]. Molecular genetic methods employing markers such as 18S rRNA, 28S
rRNA, ITS-1, and mitochondrial cytochrome ¢ oxidase subunit | (cox1) have become essential for taxonomic
identification [11]. The cox1 gene has emerged as a particularly promising DNA barcode marker, demon-
strating superior efficiency in discriminating closely related species compared to ssTRNA genes, with intra-
specific sequence identity of 98.5-100 % and interspecific identity of 58-92 % [12]. These molecular diag-
nostic approaches have proven to be more time- and cost-effective than electron microscopy and have helped
overcome the limited sensitivity of serological methods [10]. Phylogenetic analyses using these markers

© 2026 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 23


https://doi.org/10.31489/2026FEB2/23-41
mailto:@gmail.com

K.U. Suleimanova, A.G. Zhabykpayeva et al.

have shown that some previously recognized species may represent distinct taxa with specific host
ranges [7].

The aim of this review study is to analyze diagnostic methods, systematize and evaluate current ap-
proaches to the identification of the genus Sarcocystis in animals and humans, and determine their role in
understanding the biodiversity and eco-epidemiological significance of these parasites.

This review provides a scientific basis for further investigation of sarcocystosis as a complex biological
phenomenon integrating morphological, molecular-genetic, ecological, and veterinary-medical aspects. The
data summarized in the review highlight directions for improving diagnostics through the combined use of
classical and molecular methods, as well as for developing approaches to the prevention and control of zoon-
otic forms of the disease.

Experimental

Review method. This review was conducted based on a structured analysis of the scientific literature re-
lated to protozoa of the genus Sarcocystis Lankester, 1882. Relevant publications were identified through the
academic databases Web of Science, Scopus, and RINC, including articles published. The literature search
was performed using the following keywords: Sarcocystis, biodiversity, molecular identification, parasite
ecology, and zoonotic infections. Particular attention was given to studies reporting the application of mo-
lecular genetic methods (18S rRNA, cox1, ITS-1, and other markers), as well as to data concerning the role
of sarcocysts in biocenoses.

Literature sources. The present review is based on the analysis of 62 scientific sources, including a lim-
ited number of studies conducted in Kazakhstan, as well as publications devoted to the investigation of
sarcocystosis in countries of the Eurasian region. The genus Sarcocystis is characterized by exceptional bio-
diversity and a complex system of host—parasite interactions, which determines the sustained scientific inter-
est and ongoing research activity in this field. Current evidence indicates that the actual number of species
considerably exceeds the number of forms described on the basis of morphological characteristics [7]. This
discrepancy is largely explained by the broad specificity of definitive hosts and, conversely, the relatively
narrow specificity of intermediate hosts, which together create a rich mosaic of species diversity.

Results and Discussion

The genus Sarcocystis is characterized by an exceptionally high level of biodiversity and represents one
of the most species-rich groups of protozoan parasites among apicomplexan organisms. Members of this ge-
nus are obligate intracellular parasites infecting mammals, birds, and reptiles worldwide. Some Sarcocystis
species have pronounced pathogenic and zoonotic significance for both animals and humans [2, 13].

The combination of an obligatory two-host life cycle, high ecological plasticity, and varying degrees of
host specificity contributes to the formation of a complex and mosaic biodiversity structure within this ge-
nus. Sarcocystosis is a parasitic disease caused by intracellular protozoan parasites of the genus Sarcocystis
(phylum Apicomplexa, order Coccidiida, family Sarcocystidae), which is characterized by a complex and, in
many aspects, still incompletely resolved taxonomy. The life cycle of these parasites involves an obligate
alternation between an intermediate host, typically a herbivorous or omnivorous animal, and a definitive
host, usually a carnivorous or omnivorous species [14]. Currently, more than 220 species of Sarcocystis have
been described, although the complete life cycle has been established only for a limited number of species
associated with specific host pairs [2, 15].

Numerous Sarcocystis species have been recorded in cattle, each exhibiting distinctive life-cycle char-
acteristics and host associations. The most common and well-studied species include Sarcocystis cruzi
Hasselmann, 1923 (syn. S. bovicanis), with canids as definitive hosts, and Sarcocystis bovifelis Hu, Liu, Li,
Zhang, Chen, 2017, with felids serving as definitive hosts. In addition, Sarcocystis hominis Railliet, 1891 and
Sarcocystis heydorni Dubey, Fayer, Rosenthal, 2002 have been identified in cattle and are considered zoono-
tic, as humans may act as definitive hosts following the consumption of infected meat [15]. The presence of
these species underscores the importance of sarcocystosis in veterinary sanitary control and food safety sys-
tems. Other reported species include Sarcocystis hirsuta Railliet, 1886, Sarcocystis bovifelis, Sarcocystis
bovini Blanchard, 1885 and others, reflecting the complex species structure of sarcocysts in this animal
group [16].

Sheep and goats are also hosts to multiple Sarcocystis species Sarcocystis. tenella Railliet, 1886 and
Sarcocystis arieticanis Heydorn, 1975, whereas in goats Sarcocystis capracanis Heydorn, 1975 and
Sarcocystis moulei Levine, 1986 are commonly identified [17]. These species exhibit a high degree of host
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specificity and participate in life cycles involving carnivores, such as dogs and cats, as definitive hosts [18].
In contrast to bovine sarcocysts, the zoonotic potential of Sarcocystis species identified in sheep and goats is
considered limited [19]. Nevertheless, the high prevalence of infection and pronounced tissue localization of
sarcocysts make these species important targets for veterinary surveillance and population monitoring in
small ruminants.

Recent molecular-genetic studies have demonstrated that even in sheep and goats, whose Sarcocystis
species composition is considered relatively well characterized, the existence of cryptic species remains like-
ly. This finding highlights the necessity of applying integrative approaches to clarify the true biodiversity of
sarcocysts in small ruminants.

Pigs and wild boars serve as intermediate hosts for species such as Sarcocystis miescheriana Miescher,
1843 and Sarcocystis suihominis Railliet & Lucet, 1891, with the latter regarded as zoonotic because humans
may act as definitive hosts after consuming insufficiently cooked pork. Molecular studies have confirmed the
presence of these species in the musculature of domestic pigs and wild boars, emphasizing the importance of
veterinary sanitary inspection of meat products [20].

Horses serve as intermediate hosts for a relatively limited number of Sarcocystis species, in contrast to
cattle and small ruminants, which exhibit greater species diversity. The best known and most widespread
species associated with horses is Sarcocystis bertrami Doflein, 1901 (syn. S. fayeri), for which dogs and oth-
er canids serve as definitive hosts [20]. Epizootiologically, equine sarcocystosis is closely linked to the pres-
ence of dogs, which play a key role in maintaining parasite circulation. Contamination of feed and water with
sporocysts shed by definitive hosts is considered the primary route of infection in both agricultural and pri-
vate farming systems. Although infections are typically subclinical, clinical manifestations, including muscle
weakness, reduced performance, and inflammatory changes, may occasionally occur, which is particularly
relevant for sport and breeding horses. Specific Sarcocystis species have also been described in camels, lla-
mas, and other herbivores, reflecting the parasite’s broad adaptive capacity across ecosystems and host net-
works [21].

A considerable diversity of Sarcocystis species has been reported in birds, and for several species the
complete life cycle has been elucidated or widespread occurrence documented. Examples include Sarcocystis
falcatula Stiles, 1893, Sarcocystis calchasi Olias, Gruber, Hafez, Heydorn & Mehlhorn, 2009, Sarcocystis
halieti Prakas, Butkauskas, 2012, and Sarcocystis wobeseri Prakas, Butkauskas, Svazas & Juozaityte-Ngugu,
2014, which infect various avian intermediate hosts, while raptors and other carnivorous species serve as de-
finitive hosts [22]. Studies demonstrate a high species richness of Sarcocystis in the musculature of gulls and
other birds, as well as substantial intraspecific genetic variability, underscoring the complexity of parasite
biodiversity in avifauna.

From an ecological perspective, birds play a crucial role in the dissemination of Sarcocystis across large
geographic areas, including migratory routes, thereby contributing to parasite circulation in diverse ecosys-
tems. Migration facilitates the transfer of genetically distinct Sarcocystis lineages between regions and pro-
motes the formation of complex spatial population structures.

In addition to mammals and birds, Sarcocystis species have been recorded in reptiles and other verte-
brate groups, further expanding the taxonomic range of this parasite within global fauna [23].

In humans, zoonotic species Sarcocystis hominis Railliet & Lucet, 1891 and Sarcocystis suihominis
Railliet & Lucet, 1891 have been documented, with humans acting as definitive hosts after consuming in-
fected beef or pork, respectively [13]. Clinical manifestations of intestinal sarcocystosis in humans are gen-
erally rare and associated with foodborne transmission; however, confirmed cases of muscular sarcocystosis,
in which humans serve as intermediate hosts, have been reported only sporadically due to both low detection
rates and diagnostic challenges. Current evidence suggests the possible involvement of additional, incom-
pletely characterized Sarcocystis species, highlighting the need for further molecular investigations.

The high species diversity of Sarcocystis and the complexity of host—parasite interactions make this ge-
nus an attractive subject for epizootiological, taxonomic, and molecular studies. In particular, molecular ap-
proaches, including analyses of ITS1, cox1, and other genetic markers, have facilitated the detection of hid-
den species diversity, refinement of phylogenetic relationships, and clarification of host specificity patterns
within Sarcocystis spp.

A summary of the principal Sarcocystis species, their hosts, morphological characteristics, and diagnos-
tic methods is presented in Table 1.
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Table 1

Main Sarcocystis species in animals, their morphological characteristics, significance, and diagnostic methods

Intermediate host | Sarcocystis species Cyst morphology / Significance Diagnostic methods
wall structure
Thin-walled (S. cruzi); Animal patholo
S. cruzi, S. hirsuta, |thick-walled with finger- pathology, Histology, PCR (cox1, 18S
Cattle S - - human infection A
S. hominis like protrusions (S. risk rRNA), sequencing
hirsuta)
S. tenella, Differences in wall thick- Economic losses, . |Light microscopy, PCR
Sheep L reduced meat quali-|.~ > ... .
S. arieticanis ness ty identification
G S. capracanis, Differences in cyst wall  |Pathology, reduced |Microscopy, molecular
oats : il
S. moulei capsule productivity markers (ITS-1)
. S. miescheriana, . suihominis — thick- Human health risk |Histology, PCR,
Pigs . o walled cysts, zoonotic . - . . .
S. suihominis . (S. suihominis) immunohistochemistry
importance
Sarcocystis rileyi
Stiles, 1893, Ducks — multiple cysts Mass infections in
Domestic birds Sarcocystis wobeseri [in muscles (S. rileyi); . . |Morphology, PCR (coxl),
) wild and domestic
(ducks, geese) Prakas, Butkauskas, |geese — thin-walled (S. - molecular phylogeny
o O . birds
Svazas & Juozaityté- |wobeseri)
Ngugu, 2014
Sarcocystis halieti
Prakas & High morphological di-
S Butkauskas, 2012, an P g Important role in  |PCR, sequencing, marker
Wild birds - versity, narrow host spec- |, . .
Sarcocystis ificit biocenoses comparison (18S, ITS-1)
columbae Blanchard, y
1885
Humans S. hominis, Thick-walled cysts in Zoonotic hazard, Biopsy, histology,
. . . S foodborne
(intermediate host) |S. suihominis muscles infections molecular methods

The data presented in Table 1 summarize the species diversity of Sarcocystis, their host specificity, and
diagnostic approaches, highlighting the complexity of host—parasite relationships and providing a basis for
analyzing the role of these parasites in ecosystem functioning [11].

Life cycle

Parasites of the genus Sarcocystis require a two-host life cycle with distinct developmental stages oc-
curring in definitive and intermediate hosts, including both sexual and asexual reproduction. In intermediate
hosts, only asexual stages of the parasite are present. However, in humans the life cycle may vary: they can
act as definitive hosts for certain species, such as Sarcocystis hominis (associated with beef consumption)
and S. suihominis (associated with pork consumption), resulting in intestinal infection (Fig. 1), or as inter-
mediate hosts for other species, for example S. nesbitti.

Sarcocystis neshitti has been identified in humans and non-human primates serving as intermediate
hosts, while snakes are presumed to act as definitive hosts. However, this identification is based primarily on
phylogenetic comparisons with related species in which snakes were confirmed definitive hosts, and defini-
tive evidence of the complete life cycle has not yet been fully established [6].

In the typical life cycle, definitive hosts become infected by ingesting tissues of intermediate hosts con-
taining mature sarcocysts. Sexual development of the parasite occurs in the intestinal epithelium of the defin-
itive host, resulting in the formation of oocysts that sporulate and release sporocysts, which are shed with
feces into the environment. Intermediate hosts acquire infection through ingestion of food or water contami-
nated with sporocysts. Following invasion, sporozoites undergo a series of asexual developmental stages,
including merogony within vascular endothelial cells, before forming tissue cysts (sarcocysts) primarily in
skeletal muscles, myocardium, and occasionally in other organs.

The ecological success of Sarcocystis is largely attributed to this obligate predator—prey transmission
pattern, which facilitates efficient circulation of the parasite within food webs. This life-cycle strategy con-
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tributes to the widespread distribution of Sarcocystis species and their ability to persist across diverse ecosys-
tems and host communities.

Human eats undercooked meat
containing mature sarcocysts

/\1 ' g(]b/'Gametes\

\

Mature sarcocyst in muscle Unsporulated

oocyst

Human Definitive Host

(small intestines)

/

Intermediate Hosts
(cattle and pigs)

I \ ! X
/ ‘ 7| Sporulated
S. suihominis = ) ) oocyst
Sporocyst mgested Sporocyst =/
by pig or cow passed in fece Sporocyst

Figure 1. Life cycle of Sarcocystis (Fayer R., 2015)

In bovines, the biological life cycle involves carnivores, such as dogs, acting as definitive hosts, while
cattle serve as intermediate hosts [24]. The cycle includes three key stages: schizogony (asexual reproduction
in intermediate hosts), and gametogony and sporogony (sexual stages occurring in definitive hosts) [25].

After ingestion of sporocysts or oocysts shed in the feces of definitive hosts, digestive enzymes and bile
salts in cattle disrupt the sporocyst wall, releasing four motile sporozoites. These penetrate the intestinal wall
and disseminate throughout the body, initially localizing within endothelial cells of small arteries. This is
followed by a series of successive cycles of asexual multiplication (merogony or schizogony), the number
and timing of which vary depending on the species. During early cycles, crescent-shaped merozoites are
formed, structurally similar to sporozoites. Subsequent generations are detected in arterioles, capillaries, and
veins of various organs. The final stage of merogony results in the invasion of motile, crescent-shaped
merozoites into skeletal, cardiac, and smooth muscle cells, and less frequently into nervous tissue, where
sarcocyst formation begins [6].

At early stages within muscle cells, a metrocyte (mother cell) develops, undergoing repeated divisions
that ensure cyst growth and formation of a protective wall isolating the parasite from surrounding tissues. As
maturation progresses, metrocytes differentiate into bradyzoites (cystozoites), and the sarcocyst becomes
infective to the definitive host. Maturation may require two months or longer, and sarcocysts can persist in
host tissues for years. They vary considerably in size, shape, and ultrastructural characteristics of the cyst
wall, including thickness and the presence of peripheral protrusions (cytophaneres), which have important
taxonomic value. Internal structures may include septa dividing the cyst cavity into compartments.
Sarcocysts are most commonly localized in skeletal muscles, myocardium, diaphragm, tongue, and esopha-
gus, and more rarely in structures of the central nervous system [13].

This life-cycle pattern is largely universal for the genus and reflects the typical endogenous develop-
ment characteristic primarily of vascular species (e.g., S. cruzi, S. tenella), although localization and timing
of schizogony may vary among other representatives of the genus [6].

The sexual phase of the Sarcocystis life cycle occurs in the definitive host following ingestion of meat
containing mature sarcocysts. Digestive processes disrupt the cyst wall, releasing bradyzoites that invade
epithelial cells of the small intestinal villi. Here they differentiate into gamonts: microgamonts (male forms)
and macrogamonts (female forms). Multiple divisions of microgamonts produce motile microgametes, one
of which fertilizes a macrogamont to form an oocyst. Sporulation occurs within the intestine, resulting in the
formation of two sporocysts, each containing four sporozoites. Oocysts, or more commonly liberated
sporocysts, are excreted with feces into the environment. Sporocysts of most species are morphologically
similar, oval in shape, approximately 10 x 15 um in size, and contain four sporozoites and residual granules.
In zoonotic species such as S. hominis and S. suihominis, sporocysts are immediately infective upon excre-
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tion. The sexual phase of the life cycle is the most conserved developmental stage among representatives of
the genus Sarcocystis and proceeds according to a similar pattern in most species [6].

Distribution of sarcocystosis

The distribution of parasites, including Sarcocystis, is closely associated with climatic conditions and
anthropogenic landscape transformation. Because the life cycle of Sarcocystis depends on interactions be-
tween intermediate and definitive hosts and their contact with environmental reservoirs such as feed and wa-
ter sources, climate change—including rising temperatures and extreme weather events—may alter epidemi-
ological patterns and transmission pathways. Studies of other complex parasitic systems indicate that climat-
ic shifts contribute to range expansion and increase contact opportunities among host species, potentially fa-
cilitating the wider spread of zoonotic infections [26].

Anthropogenic factors, such as land-use changes, agricultural intensification, urbanization, and ecosys-
tem disturbance, further enhance interactions between wild and domestic species, thereby promoting parasite
transmission and the emergence of epizootic and zoonotic foci. Evidence suggests that habitat alteration and
biodiversity loss may increase parasite transmission among host populations and represent risk factors for the
emergence of new outbreaks [26].

Agricultural practices, including livestock management, sanitary conditions, and interactions between
carnivorous and herbivorous animals, also significantly influence the epidemiology of Sarcocystis transmis-
sion, determining the degree of parasite circulation within populations and the risk of zoonotic outbreaks
through food chains [27].

Globally, Sarcocystis species occur from temperate to tropical regions, with distribution patterns largely
determined by host ranges and migratory movements (Table 2). For example, S. rileyi is widely distributed
among northern waterfowl in North America and Northern Europe, whereas S. cruzi and S. hominis predom-
inate among domestic ruminants in Asia and South America. These geographic patterns reflect host ecology
and may even serve as indicators of wildlife migration routes [14, 28, 29].

Table 2
Global distribution and prevalence of sarcocystosis in domestic and wild animals
Host species Region / Prevalence (%0) | . qumant /. Notes on d|st_r|but|on & References
Country identified species epidemiology
i 0
Global (21 g ﬁg:é:n(:sd' %), Cosmopolitan; higher in exten-
Cattle countries, meta- |62.7 % (éO 2 %) sive systems; zoonotic rele- [6, 14]
analysis) S. hirsuta (8.7 %) vance (S. hominis)
Asia (various S cruzi High prevalence in warm-
Cattle - 50-90 % ' . temperate zones; linked to [30]
countries) predominant
dog—cattle cycle
Kazakhstan upto 77.4 % S. eruzi, Molecular confirmation; high
Cattle (Kostanay, P ; S. bovifelis, - : -9 [31, 32]
(cox1 PCR) . carcass infection rate
North) S. dehongensis
Sheep China 33.85 % S. ter_1e|_|a, _ Associated with production [33]
S. arieticanis losses
Kazakhstan ~18 % . Macroscopic cysts; need for
Sheep (East) (macrocysts) Sarcocystis spp. monitoring [34]
Pigs Europ_e, Asia, 1545 % S. ml_esche_zrl_ana, Influenced by management [35]
Americas S. suihominis system
Europe, Central |>50 % (regional . Muscle alterations; meat in-
Horses Asia data) Sarcocystis spp. spection relevance [36]
Waterfowl . Variable; local S Mass epizootics; linked to mi-
(Anseriformes) North America outbreaks . rileyi gratory flyways [14]
Northern . . S Expanding range; climate-
Waterfowl Europe Local epizootics |S. rileyi linked spread [14]
Passerines & Not population- High host specificity; molecu-
raptors Europe, Asia  |based; multiple |>40 avian spp. lar identification expanding [23, 25]
P species diversity
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Continuation of Table 2
Host species Region / Prevalence (%) |. qumant /. Notes on d|st_r|but|on & References
Country identified species epidemiology
S. albifronsi,
Game fauna (wild Lithuania 8 spepi_es S. Wobe_seri, N F_irst_E_uropeap record of S. [14, 37, 38]
mammals) identified S. anasi, S. cornixi, [rileyi in wildlife
others
S. japonica,
Sika deer Japan 7 species g matsuqae, High diversity; molecular [39]
. gjerdei, taxonomy
S. pilosa, S. ovalis
S. frondea, Demonstrates spillover be-
Farmed sika deer |Lithuania 5 species S. nipponi + 3 tween wild and farmed sys- [40]
known spp. tems
Indicator of wildlife biodiver-
Deer (general) Europe, Asia  |>9 spp. Multiple sity and molecular detection [41]
capacity
Intestinal form; Occurs globally; intestinal
usually low infection acquired through
Europe, Asia, [(<10 % in sur- consumption of raw or under-
Americas, Afri- |veyed popula- S. hominis cooked beef or pork; often
Humans ca (sporadic tions); Muscular S. - S asymptomatic or mild gastroin-| [42, 43]
’ . suihominis . )
reports world-  |form: rare (<100 testinal symptoms; muscular
wide) documented sarcocystosis reported mainly
cases world- in Southeast Asia and travel-
wide) ers; zoonotic significance

Sarcocystosis is widely prevalent among livestock worldwide. A global meta-analysis across 21 coun-
tries reported a prevalence of 62.7 % in cattle, with S. cruzi (76.4 %), S. hominis (30.2 %), and S. hirsuta
(8.7 %) being the most common species [14]. In birds, biodiversity is even greater, with more than 40 de-
scribed species, many exhibiting strict host specificity [23, 30, 44]. Of particular importance is S. rileyi, re-
sponsible for mass outbreaks among waterfowl in Europe and North America. Recent molecular studies have
also identified new species in passerine and raptorial birds [1, 25].

In sheep, prevalence may reach approximately 33.85 % in certain regions of China, particularly involv-
ing S. tenella and S. arieticanis, emphasizing the importance of infection control to prevent production loss-
es [33]. In pigs, infection rates range from 15 % to 45 % across different production systems, indicating
widespread transmission dynamics [35]. Overall, Sarcocystis exhibits a cosmopolitan distribution, occurring
in nearly all regions where livestock production is practiced. Its prevalence is strongly influenced by ecolog-
ical and management factors, including the presence of definitive hosts, husbandry systems, sanitary practic-
es, and food sources [33].

Recent studies have documented considerable Sarcocystis diversity in wild mammals across different
geographic regions. In Lithuania, comprehensive surveys of game fauna identified eight Sarcocystis species,
including the first European records of S. rileyi and newly described species such as S. albifronsi,
S. wobeseri, S. anasi, and S. cornixi [14, 37-38]. Studies of sika deer in Japan revealed seven species, includ-
ing three newly described taxa (S. japonica, S. matsuoae, and S. gjerdei), alongside previously known spe-
cies such as S. pilosa and S. ovalis [39]. Similarly, investigations of farmed sika deer in Lithuania identified
two new species (S. frondea and S. nipponi) in addition to three previously recognized taxa [40]. These find-
ings demonstrate that deer alone may harbor at least nine distinct Sarcocystis species, highlighting the re-
markable diversity of these parasites in wild mammalian hosts and the crucial role of molecular methods in
their discovery [1, 41].

In Kazakhstan, sarcocystosis is widespread among livestock, as confirmed by both classical and molec-
ular studies. Investigations of cattle in the Kostanay region revealed a high prevalence of sarcocysts con-
sistent with Sarcocystis bovicanis (syn. S. cruzi) and other species, indicating extensive regional distribu-
tion [31]. Molecular analyses based on the cox1 gene demonstrated infection rates reaching approximately
77.4 % of examined carcasses, with three species (S. cruzi, S. bovifelis, and S. dehongensis) identified in
northern Kazakhstan [32]. Sarcocystosis has also been confirmed in horses, with studies in northern regions
reporting infection in more than half of examined animals, accompanied by notable muscular tissue altera-
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tions relevant to meat quality and veterinary surveillance [36]. In sheep from eastern Kazakhstan, macrocysts
of Sarcocystis spp. were detected in approximately 18 % of examined animals, underscoring the need for
continuous monitoring and diagnostic efforts [34].

Human sarcocystosis is reported in many regions of the world, including Europe, Asia, North and South
America, and Africa. However, the prevalence of the disease varies significantly depending on the form of
infection, sanitary conditions, and dietary habits of the population [6, 14, 42-43]. The intestinal sarcocystosis
form is found in Europe, Asia, Africa, North and South America, indicating its global distribution, especially
in areas where raw meat is consumed or proper heat treatment is lacking. The muscular form, although rare,
is most commonly reported in tropical and subtropical regions, especially in areas where potential definitive
hosts (e.g., reptiles) are present, such as Southeast Asia. Cases of muscular sarcocystosis have also been re-
ported in travellers, making the epidemiology of the disease worldwide, but with high-frequency foci in cer-
tain climatic and environmental conditions [6].

Clinical signs of sarcocystosis in animals

Sarcocystosis in animals is characterized by a wide spectrum of clinical manifestations, ranging from
asymptomatic infections to severe systemic disorders, depending on the stage of invasion, host species, in-
fection intensity, and parasite localization. Many chronic cases remain undetected without laboratory or
pathological examination, increasing the significance of subclinical pathology in the epidemiology of the
disease.

The intestinal sarcocystosis form occurs in humans as the final host when consuming meat containing
mature sarcocysts: Humans serve as the definitive host for Sarcocystis hominis, which is associated with the
consumption of raw or undercooked beef, and for Sarcocystis suihominis, which is associated with raw or
undercooked pork. This form occurs worldwide, although clinical manifestations are usually mild (nausea,
abdominal pain, diarrhoea) and often go unnoticed in standard diagnostics. Intestinal cases have been report-
ed in Europe (e.g., Germany, the Netherlands, Poland), Asia (China, Thailand, Laos), Australia, South Amer-
ica, and other regions, indicating widespread global distribution even with rare detection of the disease. In
epidemiological studies of sarcocystosis in developing countries, infections have been recorded even in poor
hygienic conditions, for example, in some communities in Australia. The infection can be detected in faeces
in the form of sporocysts or oocysts after consumption of contaminated meat, and although most cases re-
main clinically insignificant, outbreaks and cases with significant symptoms have been reported among vol-
unteers and in conditions of natural infection [6].

The muscular form of sarcocystosis is much less common in humans, but it is more serious in terms of
clinical manifestations: Less than 100 reliably confirmed cases of muscular sarcocystosis have been de-
scribed in the literature, making it a rare but significant disease. Most of these cases are associated with trop-
ical regions, especially in Southeast Asia (e.g., Malaysia), where cases have been repeatedly reported in tour-
ists and local residents. In this form, humans act as intermediate hosts for species other than S. hominis and
S. suihominis (e.g., Sarcocystis nesbitti with a possible reptilian definitive host). Infection occurs when
sporocysts are ingested, most likely from contaminated food or water, allowing the parasite to develop first
in the vascular endothelium and then in muscle tissue. Clinical symptoms of the muscular form include fe-
ver, myalgia, headaches, eosinophilia, and weakness, and diagnosis usually requires a muscle biopsy to de-
tect sarcocysts [6, 14].

In cattle, sarcocystosis most often proceeds asymptomatically or with mild clinical signs, particularly
during the chronic muscular stage. However, under conditions of high parasite burden or during the acute
phase, clinical manifestations may include weakness, anorexia, reduced productivity, and depression. Ane-
mia, emaciation, and progressive cachexia may also develop, especially in young animals [21]. Experimental
infections have demonstrated fever, lethargy, tachycardia, and, in some cases, abortion [45]. These manifes-
tations are frequently masked by concurrent infections, complicating diagnosis and leading to underestima-
tion of the clinical impact of sarcocystosis on herd health.

In addition, cattle may develop sarcocystosis-associated inflammatory lesions of skeletal muscles,
known as bovine eosinophilic myositis (BEM). Affected animals often appear clinically normal during life,
but muscle lesions are detected at slaughter, resulting in carcass condemnation and substantial economic
losses due to reduced meat quality and productivity [46].

In small ruminants and carnivorous animals, sarcocystosis is generally asymptomatic or subclinical,
particularly in cases of mild to moderate infection. In sheep and goats, severe infections may lead to systemic
disturbances, including general weakness, anemia, decreased appetite, and progressive weight loss, while in
severe cases neurological disorders and abortions may occur [33-34]. In pigs, heavy parasite loads are asso-
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ciated with lameness, generalized weakness, and inflammatory lesions of cardiac and skeletal muscles, such
as endocarditis and myocarditis, leading to deterioration in overall condition and reduced productivity [47].

In dogs, sarcocystosis is typically asymptomatic, especially in the intestinal form. However, in young
animals with high infection intensity, nonspecific signs such as digestive disturbances, reduced appetite, and
growth retardation may occur [48]. The muscular form of sarcocystosis in dogs is considerably less common
but may be accompanied by myositis, generalized weakness, and muscle pain, significantly complicating
clinical presentation and requiring differential diagnosis from other myopathies [49].

In other host species, including camels, rodents, and birds, sarcocysts often result in subclinical infec-
tions but may adversely affect animal health in cases of heavy infestation. Experimental studies in small ver-
tebrates have reported weakness, emaciation, and severe pathological effects on vital organs at high infection
intensities [50].

One of the characteristic features of sarcocystosis is its frequently asymptomatic course, particularly
during the chronic muscular stage. This latent pathology is largely attributable to the deep localization of
sarcocysts within muscle tissue, where they do not initially cause overt pain or clinical symptoms. Neverthe-
less, parasites may produce toxic metabolites, such as sarcocystin, which exert both mechanical and toxic
effects on host tissues, ultimately leading to metabolic disturbances and reduced animal productivity [51].

Chronic infection may also be associated with mild myositis, destruction of muscle fibers, and
lymphobhistiocytic infiltration, changes that are often detectable only through histological examination, even
when animals appear clinically healthy [51].

Such subclinical forms present a significant epizootiological challenge, as infected animals may serve
as reservoirs for parasite transmission, maintaining infection cycles and increasing the risk of zoonotic
spread while remaining undetected in livestock production systems and slaughter facilities.

Diagnostic approaches to sarcocystosis

Diagnosis of sarcocystosis in livestock represents a complex task requiring the integration of morpho-
logical, microscopic, serological, and molecular methods, as no single approach provides sufficient sensitivi-
ty and specificity when used in isolation. Diagnostic challenges arise from the wide host range, variable clin-
ical manifestations, and morphological similarities among Sarcocystis species. In modern practice, comple-
mentary methods are applied to improve diagnostic accuracy and informativeness in both animal and human
investigations.

Macroscopic, microscopic, and histological methods

Macroscopic examination is based on visual inspection of muscle tissues and internal organs for cysts
visible to the naked eye (macrocysts). These cysts may reach several millimeters in size and are most com-
monly detected in striated muscles, the diaphragm, and myocardium during necropsy or postmortem meat
inspection. Although macroscopic evaluation remains a fundamental step in diagnostic assessment, it fre-
quently fails to detect smaller microscopic cysts.

Microscopic examination includes light microscopy and the tissue compression method, in which mus-
cle samples are pressed between glass slides and examined under magnification to detect sarcocysts. This
method allows visualization of characteristic banana-shaped bradyzoites within cysts; however, it does not
reliably determine species identity without additional diagnostic techniques [34].

Histological methods involve tissue fixation, paraffin embedding, sectioning, and staining
(e.g., hematoxylin—eosin, Mallory’s stain). Histology enables visualization of cyst wall structure, localization
within muscle fibers, inflammatory responses, and parasite morphology at the cellular level. Nevertheless,
morphologically similar cyst wall structures among closely related Sarcocystis species often prevent accurate
species identification, particularly in the absence of electron microscopy.

Serological tests (ELISA, IFAT)

Serological methods aim to detect circulating antibodies against Sarcocystis antigens in live animals
and humans. The most widely used techniques include:

ELISA (enzyme-linked immunosorbent assay)—enables detection of specific antibodies in serum
samples. ELISA has demonstrated higher sensitivity compared with visual and microscopic methods alone,
significantly increasing detection rates in cattle by identifying antibodies even in cases of subclinical micro-
scopic infection [52].

IFAT (indirect fluorescent antibody test)—visualizes antigen—antibody binding using fluorescent
labeling. Comparative studies indicate that IFAT exhibits sensitivity comparable to ELISA in detecting
antibodies against Sarcocystis spp.; however, it requires specialized fluorescence microscopy for result
interpretation [53].
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Serological methods have several limitations, including potential cross-reactivity with antigens of other
apicomplexan parasites, poor correlation between antibody titers and infection severity or stage, and the ina-
bility to determine species identity [53].

Modern molecular methods

Molecular techniques provide high sensitivity and specificity, enabling not only parasite detection but
also accurate species identification.

PCR (polymerase chain reaction)—a fundamental method for amplifying specific Sarcocystis DNA
regions, commonly targeting 18S rRNA or cox1 genes. PCR can detect parasite DNA even at low infection
intensities and in tissue samples such as meat or muscle biopsies [54-55].

PCR-RFLP (restriction fragment length polymorphism)—extends PCR by incorporating enzymatic
digestion of amplified fragments to detect species-specific genetic variations, making it useful for epidemio-
logical studies and species differentiation [56].

LAMP (loop-mediated isothermal amplification)—an alternative molecular technique characterized
by high sensitivity and rapid visual detection without the need for thermal cycling. In Sarcocystis diagnos-
tics, LAMP has demonstrated greater sensitivity than conventional PCR for detecting S. tenella and S.
gigantea infections in sheep [57].

NGS (next-generation sequencing)—enables parallel sequencing of multiple genetic regions, facilitat-
ing comprehensive genetic analysis, discovery of novel species, and construction of phylogenetic relation-
ships. Although highly informative, NGS requires advanced laboratory infrastructure and bioinformatic pro-
cessing.

Each diagnostic approach possesses specific strengths and limitations, and their combined application is
considered the most effective strategy for accurate detection and identification of Sarcocystis infections. A
comparative overview of sensitivity and specificity among these methods is presented in Table 3.

Table 3
Comparison of sensitivity and specificity of diagnostic methods for sarcocystosis
Method Sensitivity Specificity Limitations
Macroscopy Low for microcysts Moderate (E:)yosi: ot detect microscopic
Microscopy Moderate Moderate Def’e'?ds on operator
experience
Histology Moderate—high Moderate Not always species-specific
High relative to visual I .
ELISA methods Moderate Antibodies may persist
IEAT High Moderate R(_equwes a fluorescence
microscope
PCR High High Requires specific primers
PCR-RFLP High Very high Requires restriction enzymes
. . Relatively new method, re-
LAMP Very high High quires standardization
NGS Very high Very high Expens[ve; complex data
processing

Molecular methods, particularly PCR-RFLP and LAMP, demonstrate higher sensitivity and greater
ability to detect low-intensity infections compared with traditional morphological and serological approaches
and are therefore preferred for epidemiological studies [58].

To improve diagnostic accuracy for sarcocystosis, the combined use of multiple methods has proven
especially effective. The combination of morphological examination and ELISA—visual and microscopic
inspection of muscle tissues for preliminary detection supplemented by ELISA to identify seropositive ani-
mals—significantly increases detection rates compared with the use of a single method alone [53].

Similarly, the integration of microscopy and PCR—RFLP enhances diagnostic precision: microscopic
detection of cysts followed by molecular species identification improves the accuracy of species determina-
tion and supports epidemiological investigations, as demonstrated in studies of cardiac muscle infections in
cattle [56].
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The combined use of PCR and LAMP also provides advantages; LAMP can serve as a rapid screening
tool, while PCR can be used to confirm results, ensuring high sensitivity while reducing time and costs.

Research on the genus Sarcocystis continues to evolve, encompassing novel molecular approaches, ge-
nomics, the development of preventive and therapeutic measures, and the application of parasites in envi-
ronmental monitoring. These directions are closely linked to veterinary medicine, epidemiology, food safety,
and the One Health framework, which integrates animal, human, and environmental health.

Future perspectives in sarcocystosis research

One of the key challenges in modern parasitology is the expansion of molecular marker sets for accu-
rate identification of Sarcocystis species and assessment of their phylogenetic relationships. Traditionally,
18S rRNA regions and the mitochondrial cox1 gene have been widely used and have demonstrated high sen-
sitivity and specificity in taxonomic identification [59-60]. However, distinguishing closely related lineages
and assessing intraspecific diversity requires the development of additional genetic markers, including mi-
crosatellite loci, SNP panels, and mitochondrial genomes. These approaches will facilitate clarification of
transmission pathways, infection sources, and evolutionary patterns of the parasite.

The emergence of whole-genome sequencing (WGS) and comparative genomic analyses among
Sarcocystis species offers new opportunities for investigating molecular structure, adaptive mechanisms, and
genetic resilience of the parasite. Genomic approaches enable the identification of genes involved in inva-
siveness, virulence, and survival across diverse host species, thereby significantly expanding understanding
of Sarcocystis biology at the molecular level [61].

Recent studies indicate that parasites, including Sarcocystis, can serve as bioindicators of ecosystem
health. Environmental sampling—of water, soil, and feed—combined with molecular detection methods al-
lows identification of sporocysts and zoonotic species without direct tissue sampling from animals. Pilot
studies have reported detection of Sarcocystis in water, hay, and soil, emphasizing the importance of envi-
ronmental monitoring for assessing infection risks in animals and humans [38, 59]. Such approaches enable
early detection of contamination of pastures and water sources with infective sporocysts, often long before
clinical cases become apparent, making environmental surveillance a critical component of epizootic and
zoonotic prevention systems.

Future research perspectives in sarcocystosis can be summarized into several strategic directions:

- Expansion of molecular marker sets for accurate taxonomy, assessment of genetic diversity, and epi-
demiological investigations of Sarcocystis.

- Application of genomics and WGS to identify genetic determinants of virulence and adaptation, ena-
bling more precise tracking of parasite evolution and spread.

- Development of vaccines and targeted therapeutic agents based on molecular antigens and immuno-
genic structures of the parasite.

- Implementation of environmental monitoring using molecular methods in natural substrates (water,
soil, and feed) to prevent epizootic outbreaks and assess the impact of anthropogenic changes on transmis-
sion cycles of Sarcocystis.

These research directions contribute to a deeper understanding of Sarcocystis biology, improved disease
control in livestock populations, and reduction of zoonotic transmission risks, ultimately enhancing veteri-
nary and public health safety.

Conclusion

Sarcocystosis remains one of the most widespread protozoan infections of veterinary and medical sig-
nificance. Pathogens of the genus Sarcocystis are characterized by high ecological plasticity, a complex life
cycle, and broad host specificity. To date, dozens of species have been identified that infect domestic and
wild animals as well as humans. Climate change, urbanization, and the intensification of livestock production
contribute to the transformation of parasite life cycles and the expansion of the geographic ranges of certain
species, thereby increasing the epizootic and potential zoonotic significance of sarcocystoses.

From an ecological perspective, sarcocysts represent an important component of biocenoses and can be
considered bioindicators of ecosystem health. Their study has not only fundamental but also applied im-
portance—from assessing the epizootological situation in livestock production to predicting risks of zoonotic
infections. The analysis of contemporary research on the biodiversity of parasites of the genus Sarcocystis
has shown that these apicomplexan protozoa should be regarded not only as causative agents of invasive dis-
eases in animals but also as functionally significant elements of ecosystems. The species diversity of
Sarcocystis, their strict trophic associations with definitive and intermediate hosts, and the high sensitivity of
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parasite systems to environmental changes make them important participants in ecosystem processes and
indicators of biocenotic status.

Morphological characteristics of sarcocysts have limited diagnostic value and require confirmation us-
ing molecular genetic methods. The use of 18S rRNA, ITS-1 markers, and the cox1 gene has enabled clarifi-
cation of species identity and the establishment of phylogenetic relationships within the genus. Modern stud-
ies convincingly demonstrate that the actual biodiversity of Sarcocystis is significantly greater than previous-
ly defined taxonomic frameworks.

Future research perspectives are associated with the integration of morphological, molecular, and eco-
logical approaches. This will allow a deeper understanding of evolutionary relationships between parasites
and their hosts, mechanisms of adaptation, and the role of sarcozoans in regulating animal population dy-
namics. Interdisciplinary studies combining parasitological, genetic, and ecological methods open new op-
portunities for assessing biodiversity and the epidemiological potential of sarcocysts.

Thus, the present publication contributes to the formation of an integrative perspective on Sarcocystis as
a component of ecosystems, uniting data from parasitology, ecology, and molecular biology. The presented
syntheses emphasize the value of using Sarcocystis as model organisms for studying the stability of parasitic
systems and as bioindicators of environmental change. The conclusions obtained may be applied in the de-
velopment of environmental monitoring programs, assessment of epizootic risks, and planning of further
fundamental and applied research within the framework of the “One Health” concept.
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Sarcocystis omoaayaHTYPJILIIriH KIHe 01apAbIH YKOKYiieaepaeri
POJliH 3epTTEeyAiH 3aMaHayn OaFbITTAPBI

[lomymna Sarcocystis TybIChIHA KaTaThIH APa3UTTEPAiH OHOATYAHTYPJILIITT KIHE OJIApIbIH YKOXKYHenep, Be-
TEpUHAPHSI J)KOHE KOFaMJIBIK JICHCAYJIBIK YIIiH MaHBI3Bl TYpallbl 3aMaHayH JepeKTep kuHakTainrad. CapKoiu-
CTO3/1ap aWKBIH BETEPHHAPHSUIBIK JKOHE 300HO3JBIK MOHI Oap aypynap peTiHIe KapacThIpbLIaibl, OWTKeHi
oJlap aybUl MIapYallbUIBIFbl KaHyapJIapbIHBIH OHIMAUTITIHIH TOMCH/CYiHE, €T OHIMJCPIHIH canachlHbIH Ha-
mIapyiayslHa oKeJell JKoHe aJaMaa IAaTOJIOTHSUIBIK e3repicTep TYBIHIATYhl MyMKiH. Tyblc eKinepiHiy
TaKCOHOMUSUTBIK JKOHE TeoTrpaUsuIbIK OpTYPIILTITi, apanblK KOHE TYNKUTIKTI HeJIepiHiH epeKIIeNiKTepi, COH-
Jaif-aK TMapa3suTTiH alHaJbBIMBIHA OSKOJOTHIIBIK (aKTOPIApABIH dcepi Typaiabl MOJIMETTEp TaJJaHIbL.
Sarcocystis-TiH HaKTBl TYPJIK alyaHTYpIIiri MOP(OIOTHsIIBIK TYPFBIIAH CUMIATTAIFaH (opMaiap CaHbIHAH
€/I0yip JKOFaphl €KeHi aram eTiIAi, Oy MOJEKYIAIbIK-TeHETHKAJBIK COMKECTCHIIPY OmicTepiHiH OenceHmi
CHTI3iTyiMeH OaliaHbICTHl. 3aMaHayd JUATHOCTUKAJBIK TOCUIACP KapacThIPbUIAbI, OHBIH IHIiHIE
MOP(OJIOTHSIIBIK, JKOHE THCTONOTHSUIBIK 3epTTeyiep, connmaii-ak 18S pPHK, coxl sxone ITS-1 mapkepnepin
KOJIIAaHATBIH MOJICKYJIAJBIK SiCTep, OJlap TAaKCOHOMMSUIBIK IIeKapalapAbl HAKThUIAYFa, KPUITHKAJIBIK
TYpJiepi aHBIKTayFa JKkoHE (HMIOTeHETHKAIBIK OailllaHBICTapAbpl  TanJayFa MYyMKIHIIK — Oepeni.
JlarHOCTUKAHBIH JOJAITTH apTTHIPY, MOHUTOPUHTTI KETUIIIPY KoHE MPO(UITaKTHKAIBIK [Iapajapabl d3ipiey
YIIiH KJIACCHKAJBIK ITapa3sHTOJOTHSIIBIK JKOHE MOJEKYNIANbIK OmicTepAi OipiKTipyAiH KaXeTTiTri aram
kepcerinai. Ilapa3uTONOTHAHBI, 3IHM300TOJOTHSAHBI, JKOJOTHSHBI JKOHE MOJICKYJANbIK OWOJIOTHSHBI
OipiKTIpETIH MOHAPAIBIK TOCIUIIIH OPBIHABUIBIFEI TYpaibl KOPHITBIHABI JKacallabl, OYJI Mapa3uT IMeH HeCiHIH
IBOJIIOLMSUIIBIK ©33apa KATBIHACTAPBIH TEPEHIPEeK TYCIHYre MyMKIH/IiK Oepeli >KoHe 300HO3/BIK CAPKOIMCTO3/IbI
THIMJII OaKbLIay MEH aJIbIH adyAbIH FRUTBIMHU HETI31H KAJIBIITACTHIPAIbI.

Kinm co30ep: Sarcocystis, OuoanyanTypiiJiik, SKOJIOTHs, apasuTrep, MOPGOJIOTHs, MOJIEKYIAIBIK UICHTH-
(bukanus, 300H031ap, GHOWHIUKATOPIIAP.

K.V. Cyneiimanona, A.I'. Kab6siknaesa, M. lllapkynac, b.K. bana6aes, b.)K. Ky6ekosa

CoBpeMeHHbIE HCCJIeI0BaHUs OMOpPa3HO0Opa3usi Sarcocystis
U UX POJIM B IKOCHCTEMAX

B 0630pe 0600111eHbI COBpEMEHHBIE TaHHBIE O GHOPa3HOOOPa3nH Mapa3uToB poaa Sarcocystis u nx 3HadeHun
JUISL 9KOCHUCTEM, BETEPHHAPUH U OOIIECTBEHHOTO 310pOBbsi. CapKOILMCTO3bl PACCMATPUBAIOTCS Kak 3a00seBa-
HHS C BEIPXKEHHOW BETEPUHAPHOM M 300HO3HOM 3HAYMMOCTBIO, TOCKOJIBKY OHHU MPUBOJAT K CHIDKEHHUIO MPO-
JIYKTHBHOCTH CEJIbCKOXO3SHCTBEHHBIX )KUBOTHBIX, YXY/IICHHIO Ka4eCTBA MICHOW MPOAYKIIUH U MOTYT BBI3bI-
BATh MATOJIOTMYECKHE H3MEHEHHs y YeoBeKa. [IpoaHani3upoBaHbl CBEACHHSI O TAKCOHOMHYECKOM H reorpa-
(udyeckoM pazHOOOpa3uu mpeacTaBuTesell poaa, crennuduke TPOMEKYTOUHBIX U OKOHYATENbHBIX X035€B, a
Taroke O BIVSTHUH SKOJIOTHYECKHUX (DPaKTOPOB HA MUPKYIALHIO Mapa3nTa. OTMEUeHO, YTO pealbHOe BHIOBOE
pazHooOpasue Sarcocystis cyiecTBEHHO MPEBBIIIACT YHCI0 MOP(OIOTHIECKH OMHUCAHHBIX (HOPM, YTO CBS3a-
HO C aKTHBHBIM BHEJPEHHEM MOJICKYJISIPHO-TEHETHYECKUX METOJI0B HACHTH(HKALMU. PaccMOTpeHbI coBpe-
MEHHBIEC JIMarHOCTUYECKHE T10/IX0/1bl, BKIIIOUYAIOIIe MOP(OIOruyeckrue 1 r’uCTOIOTMYECKUe UCCIeI0BAaHMS, a
TaKOKe MOJICKYJISIPHBIE METOIbI ¢ UcToib3oBaHreM MapkepoB 18S pPHK, cox1 u ITS-1, no3Bosstromux yrou-
HSATh TAKCOHOMHYECKHE TPAHHULIBI, BBIABIIATh KPUITHYECKHE BUABL U aHAJIM3UPOBATh (DHIOTCHETHYECKHUE CBS-
3u. IToguépkHyTa HEOOXOAUMOCTh MHTETPALMH KIACCHYECKUX MAapa3HTONIOINUECKHX U MOJIEKYIAPHBIX METO-
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JIOB JUISl MOBBILIEHNS! TOYHOCTU AMArHOCTHKHU, COBEPILICHCTBOBAHUS MOHUTOPUHIA U pa3paboTKu npoduiak-
THUECKUX Meponpusatuil. CaenaH BBIBOA O II€1€COOOPA3HOCTH MEXAUCIHUIIIMHAPHOTO MOAXO0Aa, 00BEeIH-
HSIOIIETO Mapa3UTOJIOTUIO, SIH300TOJIOTUIO, SKOJIOTHIO H MOJEKYISIPHYIO OHOJIOTHIO, 4TO o0OecrednBaeT 60-
nee Tiry00KOe TOHUMAaHHe YBOJIIOIIMOHHBIX B3aHMOOTHOIIICHHH TTapa3uTa M X035HHa, a Takke GopMHUpyeT Ha-
YUYHYIO OCHOBY JUIS 3 (EKTHBHOTO KOHTPOJIS ¥ MPODMIAKTUKI 300HO3HOTO CapKOIIUCTO3a.

Knroueesvie cnosa: Sarcocystis, 6uopazHooOpasue, 3KOJIOrHs, HapasuThl, MOP(OIOTHs, MOJCKYISpHAs WICH-
TU(UKANHUS, 300HO36L, OHOMHINKATOPHI.
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Phytochemical and Elemental Characterization of Rheum tataricum

This study presents a phytochemical and elemental characterization of Rheum tataricum L. collected in the
Almaty region of Kazakhstan, aimed at describing its compositional features as a potential source of plant
secondary metabolites. Elemental analysis revealed high levels of calcium, magnesium, phosphorus, sulfur,
and zinc in the leaves, whereas the stems contained elevated levels of rubidium and comparable amounts of
potassium, sodium, and chlorine. Quantitative phytochemical screening demonstrated a generally stable ac-
cumulation of major metabolite groups, including anthraquinones, flavonoids, tannins, triterpenoids, and phe-
nolic acids, across vegetative stages, with noticeable seasonal variation observed primarily for carbohydrates
and tannins. The stems were characterized by higher contents of tannins and triterpenoids, whereas the leaves
accumulated greater amounts of phenolic acids and micronutrients. These organ-specific and stage-dependent
patterns reflect ecological adaptation to semi-desert conditions and suggest complex regulation of secondary
metabolism in R. tataricum. The results highlight the phytochemical richness of this species; however, its bio-
logical and pharmacological activities cannot be inferred from the present data and require confirmation
through dedicated bioassays.

Keywords: Rheum tataricum, phytochemical analysis, elemental composition, secondary metabolites, Almaty
region.

Introduction

The genus Rheum (Polygonaceae) comprises several species of high ethnopharmacological and practi-
cal importance due to their content of bioactive compounds such as anthraquinones, flavonoids, and tan-
nins [1]. Many representatives of the genus are used in traditional medicine as laxative, choleretic, astringent,
and antispasmodic agents [2, 3]. In Kazakhstan, Rheum tataricum L., commonly known as Tatar rhubarb
(Tiiyezhapyrag in Kazakh), is one of the most prominent and widespread species of this genus [4, 5].

The current state of knowledge on Rheum species in Kazakhstan indicates that at least seven of the nine
known rhubarbs possess medicinal properties, while Rheum altaicum Losinsk. and Rheum wittrockii Lundstr.
are listed in the Red Book of Kazakhstan as protected species [6, 7]. Experimental introduction studies have
been carried out on four native species, R.compactum (syn. R.altaicum), R.maximovichii,
R. tataricum, and R. wittrockii, at the Altai and Main Botanical Gardens [5, 7, 8]. Among them,
R. tataricum has shown good adaptation under local conditions, although flowering and fruiting occur irregu-
larly, and the species exhibits an introduction success index (ISI) of 4 [9].

Morphologically, R. tataricum is a perennial herb (ephemeroid) characteristic of desert and semi-desert
zones, forming dense stands on saline and gray-brown soils. The plant has a strong upright rhizome covered
with brownish-yellow scales and 2-3 grooved, hollow, branched stems reaching 2-3 m in height. The leaves
are large (up to 35x50 cm), rounded, heart-shaped at the base, and supported by three prominent veins; their
undersides are slightly pubescent [10, 11]. The inflorescence is paniculate-spherical, consisting of small (ap-
proximately 3 mm) cream-colored flowers with brown veins. The fruits are triangular or heart-shaped, dark
brown to black, with narrow red-brown wings about 1-1.5 mm wide. The species flowers in April-May and
produces fruits in May-June [4, 12].

Geographically, R. tataricum is distributed across many regions of Kazakhstan, including the Caspian,
Bokeev, Aktobe, Torgay, Kyzyl-Orda, Ulytau, Karatau, and Chu-Ili mountain ranges, extending through
the Balkhash-Alakol and Kyzylkum areas [4, 13]. The rhizomes and fruit pericarp are rich in tannins,
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while the fresh leaves are grazed by sheep and camels, giving the plant both ecological and economic
importance [9, 10].

In folk medicine, R. tataricum has been used in both Eastern and Western traditions for its anti-tumor,
febrifuge, and hemostatic properties [14]. However, scientific validation of these pharmacological effects
through systematic phytochemical and elemental analysis remains limited. Despite its long-standing tradi-
tional use and successful acclimatization, R. tataricum remains insufficiently studied with respect to its de-
tailed phytochemical profile and elemental composition [15]. Therefore, this study aims to conduct a botani-
cal, phytochemical, and elemental characterization of Rheum tataricum L. (Polygonaceae Juss.) from the
Balkhash region of Almaty Province as a basis for further evaluation of its biological activity in future
studies.

Experimental

2.1. Study Site and Plant Material

Plant material of Rheum tataricum L. was collected in April 2023 in the Balkhash district of Almaty re-
gion, Kazakhstan, at an altitude of 381 m above sea level (45°35'28.3" N, 77°19'55.5" E). The area is charac-
terized by an arid climate with saline gray-brown soils typical of semi-desert ecosystems. Taxonomic identi-
fication of the species was performed using the generic and species keys of the family Polygonaceae for the
flora of Kazakhstan. A voucher specimen of Rheum tataricum L.fil. is deposited in the Herbarium
of the Institute of Botany and Phytointroduction, Almaty (Herbarium AA), voucher No. 2197/25-Rheum
tataricum L.fil., identified by Zh.Zh. Karzhaubekova and R.B. Arysbayeva and confirmed by
N.G. Gemejiyeva.

Plant material was collected from a single natural population within one sampling site. A total of 16 in-
dividual plants were sampled to represent four vegetative phases (four plants per phase).

2.2. Preparation of Plant Material

Fresh plant material was separated into stems and leaves. The aerial parts were air-dried in the shade at
25-30 °C with periodic turning until constant weight was achieved, corresponding to a residual moisture
content of 10-12 %. The dried material was ground to a fine powder using a stainless-steel mill and stored in
airtight containers protected from light and moisture until further analysis.

2.3. Determination of Elemental Composition

The mineral composition of the stems and leaves was determined using atomic absorption spectroscopic
(AAS) analysis following ashing at 450 °C. Samples (1 g) were digested in a mixture of HNO:HCI (3:1, v/v)
and filtered. Elemental concentrations (Na, K, Mg, Fe, Zn and other elements) were quantified using a Perki-
nElmer AAnalyst 400 spectrophotometer. Calibration was performed using certified standard solutions. All
elemental determinations were performed in triplicate for each plant sample (n = 3). Results were expressed
as a percentage of dry weight.

2.4. Phytochemical Screening

Qualitative tests for major groups of biologically active substances, alkaloids, flavonoids,
anthraguinones, tannins, coumarins, triterpenoids, polysaccharides, phenolic acids, amino acids, catechins,
organic acids, and carbohydrates, were conducted using standard phytochemical procedures [16-18]. The
following reactions were applied: Dragendorff’s test for alkaloids, Borntréger’s reaction for anthraquinones,
ferric chloride test for phenolic compounds and tannins, Shinoda reaction for flavonoids, and Molisch test for
carbohydrates. Results were expressed qualitatively as “present” or “absent.”

2.5. Quantitative Determination of Bioactive Compounds

Quantitative analyses of key phytochemical groups were performed spectrophotometrically using re-
ported procedures [19-22]. Flavonoid content was determined by the aluminum chloride colorimetric meth-
od (A=415 nm) and expressed as milligrams of quercetin equivalents per gram of dry weight (mg QE/g DW).
Tannin concentration was measured by the Folin-Denis assay (A = 760 nm, mg GAE/g DW). Anthraquinones
were quantified using the modified Borntriger reaction, while total polysaccharides were determined by the
phenol-sulfuric acid method. For ease of comparison across compound classes, quantitative results were sub-
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sequently converted and presented as percentage of dry weight. Values obtained from calibration curves (mg
equivalents per g DW) were recalculated assuming 1 g of dry plant material per extraction, using the rela-
tionship: 1 % DW = 10 mg/g DW. All measurements were performed in triplicate (n = 3) using a Shimadzu
UV-1800 UV-Vis spectrophotometer.

2.6. Comparative Analysis by Vegetative Phase

To evaluate the dynamic accumulation of bioactive compounds, analyses were conducted across four
vegetative stages: (1) bud formation, (2) flowering, (3) fruiting, and (4) dormancy. For each vegetative
phase, samples from four independent individual plants were analyzed (n = 4 per phase). Comparative analy-
sis was carried out separately for stems and leaves.

2.7. Statistical Analysis

All data were expressed as mean + standard deviation (SD) of at least three replicates. Statistical com-
parisons among vegetative stages were performed using one-way ANOVA followed by Sidak’s multiple
comparisons test (p< 0.05) in GraphPad Prism 10.0. For two-group comparisons, an unpaired t-test was used
(p < 0.05).

Results

3.1 Elemental Composition of Rheum tataricum

The elemental analysis of Rheum tataricum revealed distinct differences between stems and leaves in
mineral composition (Table 1). The total mineral content of stems accounted for approximately 3.0 % of dry
weight, while leaves showed a higher accumulation of macro- and microelements. Calcium (Ca) and magne-
sium (Mg) were the most abundant macronutrients, with significantly higher concentrations in leaves
(0.83+0.03 % and 0.55+0.02 %, respectively) compared to stems (0.49+0.02 % and 0.46+0.01 %; p<0.0001).
Similar trends were observed for phosphorus (P) and sulfur (S), which were also significantly elevated in
leaves (p=0.0004 and p<0.0001, respectively). In contrast, rubidium (Rb) content was higher in stems
(0.32+0.02 %) than in leaves (0.11+0.01 %; p<0.0001). Potassium (K), sodium (Na), and chlorine (CI) did
not differ significantly between organs (p=0.7889). Among trace elements, zinc (Zn) was notably enriched in
leaves (0.78+0.04 %), whereas iron (Fe) was undetected in stems but present in leaves (0.21+0.01 %;
p<0.0001). The relatively high Zn concentration observed in leaves should be interpreted with caution, as it
may reflect local soil geochemistry and site-specific environmental conditions rather than species-level
hyperaccumulation.

Table 1

Elemental composition of Rheum tataricum stems and leaves (mean+=SD, % dry weight)

Element Stems (%=+SD) Leaves (%+SD) p-value
Calcium (Ca) 0.49+0.02 0.83£0.03 <0.0001
Potassium (K) 0.40+0.01 0.38+0.01 0.7889
Sodium (Na) 0.29+0.01 0.31+0.01 0.7889
Magnesium (Mg) 0.46+0.01 0.55+0.02 <0.0001
Phosphorus (P) 0.17+0.01 0.23+0.01 0.0004
Sulfur (S) 0.24+0.01 0.35+0.01 <0.0001
Chlorine (ClI) 0.40+0.01 0.38+0.01 0.7889
Silicon (Si) 0.18+0.01 0.29+0.02 <0.0001
Rubidium (Rb) 0.32+0.02 0.11+0.01 <0.0001
Iron (Fe) ND 0.21+0.01 <0.0001
zZinc (zn) 0.07+0.01 0.78+0.04 <0.0001

Note. Values are expressed as mean+SD (n=3). ND = not detected. Statistical significance was determined using an unpaired t-test.

Overall, leaves exhibited a greater accumulation of essential elements, reflecting their active metabolic
role, while stems contained relatively higher levels of Rb and comparable concentrations of K, Na, and CI.
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3.2. Dynamics of Biologically Active Compounds in the Stem of Rheum tataricum during Vegetative
Phases

The quantitative composition of the main groups of biologically active substances in stem of Rheum
tataricum varied slightly across vegetative phases (Table 2). Carbohydrates dominated the extractive fraction
throughout all growth stages, accounting for approximately 20-22 % of the dry weight, followed by tannins
(2-4 %), triterpenoids (4-5 %), and anthraquinones (3-4 %). Minor constituents included amino acids
(1-2 %), flavonoids (2-3 %), polysaccharides (1-2 %), and trace levels of alkaloids, catechins, and organic
acids (<1 %).

Table 2
Quantitative composition of the main groups of biologically active substances in stem
of Rheum tataricum during different vegetative phases (mean+SD, % of dry weight)
Bioactive compound Budding period Flowering period Fruiting period Dormant period
group (mean£SD) (mean£SD) (mean£SD) (mean£SD)
Alkaloids 0.38+0.03 0.41+0.04 0.42+0.03 0.44+0.02
Amino acids 2.03+0.10 1.88+0.09 1.81+0.09 1.69+0.08
Anthraquinones 3.8240.19 3.91+0.20 3.97+0.20 4.08+0.21
Tannins 4.26+0.21 3.93+0.20 3.68+0.18 2.11+0.11
Catechins 0.29+0.02 0.28+0.02 0.28+0.02 0.26+0.02
Coumarins 1.14+0.06 0.96+0.05 0.91+0.05 0.83+0.04
Organic acids 0.18+0.01 0.16+0.01 0.15£0.01 0.13£0.01
Polysaccharides 1.724+0.09 1.83£0.09 1.9440.11 2.11£0.10
Triterpenoids 4.16+0.21 4.3940.22 4.52+0.23 4.73+0.24
Carbohydrates 20.82+1.14 21.14+1.06 21.30+1.27 21.75+1.09
Phenolic acids 0.32+0.02 0.28+0.02 0.28+0.02 0.26+0.02
Flavonoids 2.49+0.12 2.324+0.12 2.27+0.11 2.20+0.11

Note. Values are presented as mean=SD (n = 4). Statistical significance was evaluated using Sidak’s multiple comparisons test.

Statistical analysis using Sidak’s multiple comparisons test confirmed significant variation in several
compound groups among developmental stages (p<0.05). A decrease in tannin content was observed in
dormant period (2.11£0.11 %; p< 0.0001) compared to the budding phase (4.26+0.21 %), while intermediate
values were recorded during flowering (3.93+0.20 %) and fruiting (3.68+0.18 %). Similarly, carbohydrates
showed a modest but statistically significant decrease from the dormant (21.75+1.09 %) period to the bud-
ding (20.82+1.14 %) phase, comparing to the (p = 0.0173).

Other compound classes, including alkaloids, amino acids, anthraquinones, catechins, coumarins, or-
ganic acids, polysaccharides, triterpenoids, phenolic acids, and flavonoids, exhibited no statistically signifi-
cant fluctuations across vegetative phases (p>0.05).

Overall, the phytochemical profile of stem of R. tataricum remained relatively stable throughout the
growing cycle, with the highest variability observed in the concentrations of tannins and carbohydrates, re-
flecting potential shifts in metabolic allocation during active and dormant stages.

3.3. Dynamics of Biologically Active Compounds in the Leaves of Rheum tataricum during Vegetative
Phases

The quantitative composition of the main groups of biologically active substances in the leaves of
Rheum tataricum varied minimally across vegetative phases (Table 3). Carbohydrates remained the predom-
inant component throughout all stages, accounting for approximately 17-18 % of dry weight, followed by
tannins (3-4 %), triterpenoids (3-4 %), and anthraquinones (3-4 %). Minor components included amino acids
(1-2 %), flavonoids (1-2 %), and polysaccharides (1-2 %), whereas alkaloids, catechins, coumarins, organic
acids, and phenolic acids were present in trace amounts (<1 %).

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 45



Z.S. Korganbayeva, R.K. Pernebekova et al.

Table 3

Quantitative composition of the main groups of biologically active substances in leaves of Rheum tataricum
during different vegetative phases (mean+SD, % of dry weight)

Bioactive compound Budding period Flowering period Fruiting period Dormant period
group (mean+SD) (mean+SD) (mean+SD) (mean+SD)
Alkaloids 0.43+0.03 0.41£0.03 0.39+0.02 0.34+0.02
Amino acids 1.70+0.09 1.63+0.08 1.55+0.08 1.42+0.07
Anthraquinones 3.23+0.16 3.35+0.17 3.46+0.18 3.62+0.18
Tannins 3.82+0.19 3.74+0.18 3.55+0.17 3.38+0.16
Catechins 0.98+0.05 0.93+0.05 0.87+0.04 0.75+0.04
Coumarins 1.0840.05 1.03+0.05 0.994+0.05 0.94+0.05
Organic acids 0.2440.02 0.2240.02 0.21£0.02 0.1940.02
Polysaccharides 1.3940.07 1.45£0.07 1.58+0.08 1.7440.08
Triterpenoids 3.25+0.16 3.4240.17 3.5740.18 3.69+0.18
Carbohydrates 17.11+0.85 17.32+0.87 17.68+0.88 18.02+0.90
Phenolic acids 0.42+0.03 0.45+0.03 0.46+0.03 0.49+0.03
Flavonoids 2.01£0.10 1.88+0.09 1.76+0.09 1.63£0.08

Note. Values are presented as mean=SD (n = 4). Statistical significance was evaluated using Sidak’s multiple comparisons test.

Statistical analysis using Sidak’s multiple comparisons test confirmed that carbohydrate content exhib-
ited significant variation among the vegetative phases (p=0.0004 and p=0.0265). Specifically, a notable de-
crease was observed from the dormant to the budding stage (from 18.02 + 0.90 % to 17.11 £ 0.85 %). How-
ever, differences between intermediate stages (flowering and fruiting) were not statistically significant
(p>0.05).

All other compound classes, including alkaloids, amino acids, anthraquinones, tannins, catechins,
coumarins, organic acids, polysaccharides, triterpenoids, phenolic acids, and flavonoids, showed no statisti-
cally significant differences (p > 0.05) across vegetative phases, indicating overall biochemical stability in
leaf composition.

Overall, the phytochemical profile of the leaves of R. tataricum remained relatively stable throughout
the growing cycle, with minor fluctuations primarily observed in carbohydrate content. This stability sug-
gests that the leaf metabolic composition is largely conserved across vegetative phases, with only slight ad-
justments in primary metabolite levels during seasonal transitions.

3.4 Comparative Analysis of Stems and Leaves

To better illustrate organ-specific accumulation patterns, the content of the main classes of biologically
active substances in the stems and leaves of Rheum tataricum was compared across all vegetative stages
(Fig. 1). Both organs exhibited a similar qualitative composition dominated by carbohydrates, tannins,
triterpenoids, and anthraquinones, yet their quantitative ratios differed significantly.

At all growth phases, stems accumulated higher levels of tannins and triterpenoids (p< 0.05), confirm-
ing their role as major storage tissues for secondary metabolites. Conversely, leaves contained significantly
higher levels of phenolic acids during each developmental period (p < 0.0001), likely reflecting their active
participation in photosynthesis-associated oxidative processes and stress responses. Minor but consistent dif-
ferences were also detected for catechins and carbohydrates in some phases (p = 0.015-0.0363).
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Figure 1. Comparative content of major groups of biologically active compounds in stems and leaves
of Rheum tataricum during the budding, flowering, fruiting, and dormant periods

Data represent mean + SD (n=4). Significant differences between plant organs within each phase were
determined using Siddk’s multiple comparisons test (p< 0.05).

Overall, while the qualitative composition remained stable, the quantitative distribution of metabolites
demonstrated clear tissue-specific specialization. Stems primarily served as reservoirs of condensed phenolic
compounds, whereas leaves maintained higher proportions of readily oxidized phenolics and primary metab-
olites.

Discussion

This study delivers an organ- and stage-resolved profile of Rheum tataricum under semi-desert condi-
tions, showing leaves enriched in Ca, Mg, P, S and Zn relative to stems, while stems retain more Rb and sim-
ilar K/Na/Cl, and most phytochemical classes remain stable across the season except for tannins and carbo-
hydrates. These patterns align with prior ecological work showing Rheum tataricum efficient mineral trans-
location and stress adaptation in arid habitats, including high foliar accumulation of several macro-
/microelements and evidence of element hyperaccumulation under semi-desert soils [10]. Together, these
findings suggest functional differentiation between organs, with leaves acting as metabolically active tissues
and stems serving as storage compartments for condensed phenolic compounds.

Our leaf-dominant Ca/Mg/Zn profile concurs with Golubkina et al. (2022), who reported higher
Mn/Fe/Co/B and other trace elements in wild Rheum tataricum and discussed soil-to-plant transfer influenc-
ing antioxidant status [10]. Moreover, similar mineral enrichment in leaves has been observed in
R. officinale [23] and in rhubarb stalks/leaves more broadly [24], supporting the idea that leaf tissues of the
Rheum genus preferentially accumulate these macro- and micro-elements as part of their adaptive and anti-
oxidant metabolism. Environmental control over Rheum secondary metabolism is also emphasized in a re-
view on the rhubarb value chain, noting climate/soil/altitude effects on anthraquinones, coumarins and
stilbenes, consistent with our site-specific findings [25]. This study assessed only macro- and microelements
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(Ca, K, Na, Mg, P, S, Cl, Si, Rb, Fe and Zn). Although elevated Zn levels were detected in leaf tissues, the
present study does not aim to classify R. tataricum as a Zn hyperaccumulator. Such interpretation would re-
quire targeted soil-plant transfer analyses, larger population sampling, and controlled comparisons, which
were beyond the scope of this work. Toxic heavy metals (Pb, Cd, As and Hg) were not determined and
should be addressed in future studies prior to pharmaceutical application.

Across stages, carbohydrates and tannins showed the clearest shifts, while anthraquinones, flavonoids,
amino acids and most minor classes were largely constant. This metabolic stability mirrors reports that
Rheum maintains a robust phenolic/anthraquinone baseline across environments, with quantitative differ-
ences driven more by extraction and processing than by growth stage alone. Recent LC-MS/MS work on
Rheum tataricum roots quantified 53 phytochemicals and demonstrated that supercritical CO,, subcritical
ethanol and ultrasound extractions markedly shift yields and bioactivity profiles, an important methodologi-
cal caveat when comparing studies [9].

Our stem-greater tannins/triterpenoids and leaf-greater phenolic acids suggest tissue specialization:
stems as reservoirs of astringent/antimicrobial phenolics and leaves as sites of redox-active phenolic acids.
Such distributions are relevant from a phytochemical perspective, as the Rheum genus is known to contain
anthraquinones (e.g., emodin, chrysophanol, rhein) and polyphenolic compounds that have been associated
with various biological activities in previous studies. Current reviews summarize a broad range of biological
activities that have been reported for anthraquinones and related compounds isolated from various Rheum
species, including discussions of underlying molecular pathways and metabolism-related effects [26, 27]. In
parallel, compound-level data for R. tataricum continue to expand. For example, a study from Kazakhstan
reported the isolation of several metabolites from R. tataricum (e.g., stilbenes, phenylbutanoids, gallotannin)
and evaluated their cytotoxic effects using in vitro cell line models [12]. Another review provides a compre-
hensive overview of anthraquinones, stilbenes, and related compound classes across the Rheum genus, high-
lighting their structural diversity and biological relevance in systems biology studies [28]. However, it
should be emphasized that such findings originate from independent investigations employing targeted bio-
assays and purified compounds and cannot be directly extrapolated to the compositional data presented in the
present study.

Strengths include standardized qualitative/quantitative assays and phase-matched organ comparisons.
Limitations include single-region sampling and spectrophotometric class-level quantification rather than tar-
geted LC-MS per class in all organs/stages. Future work should: (i) couple our design with targeted metabo-
lomics (anthraquinones, triterpenoids, tannins) and bioassays; (ii) benchmark extraction-method effects ex-
plicitly (supercritical vs. hydroalcoholic) given their strong impact on yields and antibacterial/antioxidant
readouts; and (iii) integrate safety/toxicity profiling, since dose-dependent adverse effects are reported for
crude Rheum extracts and for rhein at higher exposures despite favorable therapeutic signals. Moreover,
future studies should include parallel soil elemental analysis and expanded sampling to clarify the
mechanisms underlying elevated Zn accumulation and to exclude site-specific effects.

Collectively, the results of this study characterize Rheum tataricum as a species with a diverse and sta-
ble phytochemical composition. The consistent presence of anthraquinones, triterpenoids, tannins, and phe-
nolic acids across vegetative stages reflects a sustained capacity for secondary metabolite biosynthesis, while
organ-specific accumulation patterns highlight pronounced chemical differentiation between stems and
leaves. The enrichment of essential elements such as Ca, Mg, and Zn further contributes to understanding the
metabolic and ecological features of this species under semi-desert conditions. Taken together, these compo-
sitional characteristics, along with the ecological adaptability and availability of R. tataricum in Kazakhstan,
provide a descriptive basis for future investigations integrating targeted metabolomics, bioassays, and safety
assessment to evaluate potential applied uses.

Conclusion

Rheum tataricum demonstrates stable biosynthesis of key secondary metabolites and a pronounced ac-
cumulation of essential elements, reflecting its adaptation to semi-desert environments. The consistent pres-
ence of anthraquinones, tannins, triterpenoids, and phenolic acids indicates that this species is characterized
by a rich and diverse phytochemical composition. However, the present study is limited to elemental and
phytochemical characterization, and no conclusions regarding biological or pharmacological activity can be
drawn. Evaluation of antioxidant, anti-inflammatory, anticancer, or other bioactivities requires dedicated bi-
oassays and should be addressed in future studies.
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3.C. Kopran6aesa, P.K. Ilepue6ekoBa, A.A. Kupruzbaesa, 3.K. bekmyp3aeBa

Rheum tataricum ¢puTOXMMHSIBIK JKIHE IJIEMEHTTIK CHIIATTaMAacChl

Makanana KazakcranusiH Anmartel oOmsichiHIAa skuHanFad Rheum tataricum L. GHTOXMMHSIIBIK SKoHE
JJIEMEHTTIK, COHBIMEH KaTap OHBIH KypaMmzac KypaMblH KaliTalama MeTabOJMHUTTEpAiH dNeyeTTi Ko31 peTiHae
CHUITaTTay MaKCaTBIH/A 3ePTTEY YCHIHBUIFaH. DIEMEHTTIK Taliay JKanblpakTapaa KaJlbluid, MarHui, ¢pocdop,
KYKIPT JK9HE MBIPBILITHIH JKOFaphl JIEHTeii1e )KMHAKTAIYbIH aHBIKTA/IbI, a1 cabakTapaa pyouanii MemmepiHiy
KOFapbIpaK OOJybl KOHE Kalui, HATPUH MEH XJIOPABIH CaJbICTBIPMAalbl JeHrelnepi Oaitkamabl. CaHIbIK
(UTOXMMHSIIBIK  CKPHHUHT  BETETAlMSUIBIK  Ke3eHJeplle aHTPaXUHOHAAp, (IaBOHOMITAp, TaHUHIEP,
TPUTEPIICHOUATAP >KoHE (PEHOJT KBIIIKBUIAAPEIH KOCa aJFaH/ia, MeTabONINTTeP/IiH HEeTi3Ti TONTAPBIHBIH JKaJIIIbI
TYpaKTHl >KUHAKTATYBIH KOPCETTi, HETi3iHEeH KeMipcyiaap MEH TaHHHICP YIIIH MayChIMIBIK ©3TeprillTiK
Oadikangel. CabakTap TaHMHIEP MEH TPHUTEPICHOMITAPABIH KOFaphl MeJIIEpIMEH CHIATTalca,
JKarbIpakTapaa (eHoN KBIIKBUIIaphl MEH MHUKPOAJIEMEHTTEPIiH KHHAKTAIYBl 0achkiM OOJIBI. AHBIKTAaJIFaH
OpTaHFa TOH JKOHE Ke3EHTe TyeIN/ i 3aHABIIBIKTap sKapThlall MeIeHT dKoXKYHenep skaraaifblHa 3KOJIOTHSITBIK
Geitimmenyni kepcereni »xoHe R. tataricum ecimmirimmeri ekiHIIUTIK MeTaGONM3MHIH KypAeli peTTenyiH
afKpIHAANIBl. AJNBIHFAH HOTHOKENep Oyl TypAiH (GUTOXMMHSIBIK OailJIbIFBIH KOPCETKEHIMEH, OHBIH
OUOJIOTHSIIBIK KaHE (hapMaKOIOTHSIIBIK OEICeHIUITIH OChl JIepeKTep Heri3iHae Oaraiay MYMKIH eMec jKoHe
OHBI pacTay YLIiH apHaibl OHOIOTHSJIBIK CHIHAKTAP KYPri3y KaxeT.

Kinm ce30ep: Rheum tataricum, (QUTOXMMUSIIBIK Taiijiay, 3JIE€MEHTTIK KypaM, eKiHIILUTK Meraboiutrep,
AJIMaThI OOJIBICHL.

3.C. KopranbOaeBa, P.K. IlepuebexoBa, A.A. Kupruzoaesa, 3.K. bekmyp3aeBa

duroxuMuUecKas u dJIeMeHTHasi xapaktepucruka Rheum tataricum

B HacTosleM HCCIEOBaHWM IpelcTaBleHa (UTOXUMHYECKas M DJIEMEHTHas XapakTepucTka Rheum
tataricum L., co6panHoro B AnmMaTuHCKO# 06macti KasaxcTaHa, ¢ 11e/IbI0 OMHMCAHHS €r0 KOMIIOHEHTHOTO CO-
CTaBa KaK IMOTEHINAIBHOTO HCTOUHHKA BTOPUIHBIX META00INTOB. DJIEMEHTHBII aHaIN3 BBIIBHI BEICOKOE CO-
JepXKaHue Kaiblius, Maraus, Gocdopa, cepbl U IMHKA B JIMCTBSX, TOTJA KaK cTe0IM XapaKTepu30BaIuch 0o-
Jiee BBICOKUM COZepKaHHEM PyOHIMS U COMOCTaBUMBIMH YPOBHSAMM Kajusi, HaTpust U xjopa. KonmnuectBen-
HbIH PUTOXMMUYECKUH CKPUHUHT IOKa3aJl B IEJIOM CTa0WIIbHOE HAKOIUICHHE OCHOBHBIX TPYIIT METa0O0JIMTOB,
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BKJIIOYAsl aHTPAXUHOHBI, () JIaBOHOHUJBI, TAHUHBI, TPUTEPIECHONIB U (DEHONbHBIE KUCIOTHI, HA MPOTSHKEHUH
BETeTAllMOHHBIX CTAAW, MPU 3TOM 3aMeTHasl CE30HHas BapHaOeNbHOCTh HAOIIOJaNach MPEHMYIIECTBEHHO
JUISL YTII€BOJIOB M TaHUHOB. CTEONIH OTIMYAINCh OONee BHICOKUM COJEp KaHUEM TaHUHOB M TPUTEPIEHOU/IOB,
TOr/1a KaK JINCThS HAKAIUIMBAJIM [TOBBIIICHHBIE YPOBHH (DEHOIBHBIX KHCIOT H MUKPO3JIEMEHTOB. BhIsBICHHEIE
opranocnenuduieckne U ($pa303aBHCHMBIC 3aKOHOMEPHOCTH OTPaXAIOT AKOJIOTMYECKYIO a/lallTalliio K ycIIo-
BUSIM TTOJYIYCTBIHHBIX 3KOCHCTEM M YKa3bIBAaIOT HAa CIIOKHYIO DETYyJIALHI0O BTOPHYHOTO MeTaboim3Ma y
R. tataricum. TTony4eHHbIe pe3yabTaThl CBUACTEIBCTBYIOT O (PUTOXMMHUYECKOM GOraTcTBE JaHHOTO BHIA; OJ-
HaKo ero Ouoyornyeckas U hapMakosorndeckas akTHBHOCTh HE MOXKET OBITh OIIGHEHA Ha OCHOBAaHMU Ipe-
CTaBJICHHBIX JAHHBIX U TPEOYEeT MOATBEPKACHUS B CIELMATH3UPOBAHHBIX OHOIOIMYECKHUX TECTax.

Knroueesvie crosa: Rheum tataricum, ¢puroxuMudeckuii aHaus, SIEMEHTHBIA COCTaB, BTOPUYHbBIE METa0O0H-
ThI, AIIMaTHHCKas 00J1acTh.
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Ecological and anatomical features of the structure and adaptations of
Sibiraea altaiensis (L.) Schneid. in the East Kazakhstan context

Sibiraea altaiensis (L.) Schneid. is a characteristic species of high-mountain ecosystems in Eastern Kazakh-
stan, Sibiraea altaiensis experiences intense solar radiation, sharp temperature fluctuations, low humidity,
and nutrient-poor soils. This study presents a comprehensive ecological-anatomical analysis of the leaves and
stems of S. altaiensis from natural populations of the Katon-Karagay National Park. Anatomical parameters
were examined using classical microtechnical methods, morphometry, and statistical approaches. The leaf of
S. altaiensis demonstrates a pronounced combination of xeromorphic and oromorphic traits. The leaf blade
has a stable thickness, a well-developed cuticle, and a hypostomatic epidermis. A thickened palisade layer
and a moderately variable spongy layer, reflecting adaptation to high insolation and limited moisture, charac-
terize the dorsiventral mesophyll. The vascular bundles are reinforced with sclerenchyma, providing mechan-
ical stability under strong winds. The stem is characterized by well-developed xylem, stable dimensions of
vascular elements, and a thick periderm, which performs protective and mechanical functions. Correlation
analysis revealed coherence among the main anatomical parameters, including leaf thickness, mesophyll
structure, vascular bundle size, and xylem development. The weakly acidic, low-mineral soils of the habitats
correspond to the moderate plasticity in mesophyll and conducting tissues. Thus, S. altaiensis exhibits a com-
plex of anatomical and morphological adaptations enabling survival under extreme high-mountain conditions
of the Kazakh Altai. These findings contribute to a better understanding of the adaptive evolution of Rosaceae
taxa in Central Asia and are relevant for further taxonomic and conservation research.

Keywords: Sibiraea altaiensis, leaf anatomy, stem anatomy, high-altitude adaptations, ecological-anatomical
analysis, East Kazakhstan, Katon-Karagay.

Introduction

Plants growing in the mountainous ecosystems of Central Asia form complex adaptive complexes, al-
lowing them to successfully exist in conditions of extreme and highly variable climate. The Kazakhstan Altai
is one of the most biodiverse regions of the country, characterized by high relief contrast, landscape
mosaicism, and pronounced climatic zonality. These natural features create a wide range of ecological nich-
es, which contributes to the formation of specific morphological and anatomical adaptations in plants inhab-
iting various altitudinal levels. The study of such adaptive mechanisms is key to understanding the evolution
of high-mountain flora, assessing its resistance to climatic changes, and developing scientifically sound strat-
egies for the conservation of the region’s natural heritage [1].

Representatives of the genus Sibiraea Maxim. (Rosaceae Juss.) are typical inhabitants of mountainous
regions of Eurasia and are characterized by high resistance to unfavorable environmental factors [2]. Special
attention is given to Sibiraea altaiensis (L.) Schneid., which is widespread in Eastern Kazakhstan, including
the territories of the Katon-Karagay State National Nature Park [3, 4]. This region is distinguished by a com-
plex geomorphological structure, pronounced elevation gradients, the presence of glaciers, and intensive ex-
ogenous processes that create unique conditions for plant growth. The degree of terrain dissection, slope ex-
posure, types of soil substrates, and moisture regimes determine the variety of ecological stresses experi-
enced by vegetation—from sharp temperature fluctuations to low air humidity, strong winds, short periods of
drought, and high solar radiation levels [5].

The conditions of mountain ecosystems impose strict requirements on the anatomical organization of
plant leaves and shoots. It is at the anatomical level that key mechanisms of adaptation to moisture deficit,
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excessive insolation, mechanical stress, and low-temperature conditions are manifested. The thickness of the
epidermis, the development of the cuticle, the degree of mesophyll differentiation, the density of venation,
and the structural features of conducting and mechanical tissues all reflect the adaptive strategies of a species
and determine its viability under extreme conditions. Moreover, anatomical traits often possess high diagnos-
tic value and are widely used in the systematics of the Rosaceae family. For the genus Sibiraea, such data are
particularly important, since morphological differences between closely related species are weakly ex-
pressed, whereas anatomical features can serve as additional informative criteria in taxonomic and phyloge-
netic studies [6].

Despite the ecological significance of S. altaiensis and its wide distribution in the mountainous regions
of Eastern Kazakhstan, anatomical studies of this species remain limited. Previous descriptions have mainly
focused on general morphology and did not address detailed aspects of leaf blade structure in relation to the
natural conditions of the region. Meanwhile, current climate change, accompanied by shifts in temperature
and moisture regimes, necessitates an in-depth analysis of the adaptive mechanisms of endemic and rare
mountain flora species, among which S. altaiensis holds an important position [7].

Thus, conducting a comprehensive ecological-anatomical analysis of the leaves of S. altaiensis under
the conditions of Eastern Kazakhstan is a relevant scientific task, allowing the identification of structural and
functional features shaped by the specificity of the environment. The results of this study will help clarify the
taxonomic position of the species, reveal its adaptive potential, and enhance our understanding of plant sur-
vival strategies in extreme mountain landscapes. In addition, the obtained data have practical value for moni-
toring natural populations and developing measures to conserve the biological diversity of the Kazakh Altai
amid ongoing climatic transformations [8].

Experimental

The material for the study consisted of leaves and stems of S. altaiensis collected from natural wild
populations in the East Kazakhstan within the Kazakh Altai. The main sampling site was located on the
Sarymsakty Ridge (Southern Altai), in the open right-bank valley of the Taldybulak River and on the south-
eastern slope of Mount Zhumsak-Asu (coordinates: N 49°06.355', E 086°07.890', elevation 1816 m). The
area is characterized by a sharply continental climate with cold winters, short summers, significant daily
temperature fluctuations, and high insolation. The soils are well-drained alluvial rocky loam substrates with
moderate moisture, determined by precipitation and seasonal snowmelt. The vegetation of the territory be-
longs to mountain meadow-shrub communities, which correspond to the typical habitats of S. altaiensis in
Eastern Kazakhstan (Fig. 1).

Figure 1. General view of S. altaiensis in its natural habitat (East Kazakhstan)

Leaf and young shoot samples were collected during the period of active growth (June—August). For
each plant, 3-5 fully developed leaves from the middle canopy and segments of current-year stems were har-
vested. For anatomical analysis, the material was immediately fixed in FAA solution (formalin—acetic acid—
70 % ethanol, 90:5:5 v/v/v) for 24-48 hours at room temperature, following the classical protocols of Johan-
sen [9] and Sass [10]. After fixation, samples were rinsed with distilled water and stored in 70 % ethanol, in
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accordance with the recommendations of Berlyn & Miksche [11]. Transverse sections of leaves and stems
were prepared using a Leica RM2125 RTS rotary microtome and manual microtomes, with section thickness
maintained at 15-30 pum. For the differential identification of tissue complexes, a double staining with
Safranin O and Astra Blue (Safranin O + Astra Blue) was applied following the protocols of Ruzin [12] and
Kiernan [13]. In this procedure, lignified elements were stained red, whereas cellulose-rich tissues appeared
bluish-green. After staining, the specimens were sequentially dehydrated in ethanol of increasing concentra-
tions (70 %, 90 %, 96 %), cleared in xylene, and mounted in Canada balsam. Microscopic observations were
performed using a Leica DM500 light microscope at magnifications of x100—x400. Photo documentation
was carried out with a Leica DFC290 HD digital camera using the Leica Application Suite software. Scale
calibration was conducted using eyepiece and stage micrometers (100-500 um). Image processing and mor-
phometric analysis were performed in Image J 1.54f [14], without applying algorithms that distort tissue ge-
ometry. Morphometric analysis included measurements of leaf blade thickness, upper and lower epidermis
thickness, palisade and spongy mesophyll thickness, main vascular bundle diameter, periderm thickness,
phloem and xylem thickness, and the diameter of primary cortex and pith cells. For each parameter, 15-20
measurements were performed, and results were expressed in micrometers as mean =+ standard error. Ana-
tomical terminology follows Evert [15] and Kaplan [16]. Key tissue elements were annotated on micro-
graphs, including epidermis, mesophyll, vascular bundles, xylem and phloem elements, cambium, periderm,
collenchyma, and parenchyma.

To characterize the soil conditions of S. altaiensis habitats, soil (pH) and electrical conductivity (EC)
were measured. Soil samples were collected from the upper root-inhabited horizon (0-20 cm) at the sites
where the studied plants were growing. Composite samples were air-dried at room temperature, with large
fragments of plant debris and stones removed. Soil pH was determined potentiometrically in a 1:2,5 (soil-to-
distilled water suspension), following standard soil analytical procedures [17]. Measurements were per-
formed using a portable pH meter with automatic temperature compensation. Prior to measurements, the in-
strument was calibrated with buffer solutions at pH 4,00, 7,00, and 10,00 according to the international 1SO
10390 protocol [18]. pH values were recorded after stabilization of readings, and each analysis was per-
formed in triplicate. Soil solution electrical conductivity (EC) was measured using a conductometric method
in a 1:5 (soil-to-distilled water suspension), according to Rhoades et al. [19]. Values were expressed in
millisiemens per centimeter (mS/cm), providing an estimate of soil salinity and overall ionic load. Tempera-
ture correction was applied automatically at 25 °C. All measurements were repeated at least three times, and
mean values =+ standard deviations were reported. The obtained pH and EC values were used to correlate the
anatomical features of S. altaiensis with the soil conditions of its habitats. Soil parameters were interpreted
based on the USDA Soil Survey classification [20], allowing assessment of soil acidity and mineralization
levels in the context of the species’ ecological adaptations.

For the analysis of anatomical traits of S. altaiensis, statistical processing of the data was performed, in-
cluding the assessment of overall variability, testing for normality of distribution, and evaluation of relation-
ships among the measured morphometric characteristics. All measurements were initially screened for outli-
ers and assessed for normality using the [21], test, a standard approach for small biological datasets. When
distributions deviated from normality, non-parametric methods were applied to evaluate differences between
groups [22].

Correlation analyses were conducted to examine the relationships among epidermal thickness, meso-
phyll structure, vascular tissue parameters, and other anatomical features. Pearson’s correlation coefficients
were calculated for variables with normal distributions, while Spearman’s rank correlation coefficients were
applied for non-normally distributed data [23]. The strength of the observed correlations was interpreted fol-
lowing the classification of Evans (1996) [24], a standard reference widely used in biological research. To
assess inter- and intra-population variability of morphometric traits, variance, standard deviation, and the
coefficient of variation (CV) were calculated, enabling comparison of the degree of variability in tissue
structural parameters [25]. Mean values between samples were compared using one-way analysis of variance
ANOVA when assumptions of normality and homogeneity of variances were met. Homogeneity of variances
was tested using Levene’s test [26]. All statistical analyses were performed using RStudio (version 4.3.1)
and Statistica 13.0, as well as ImageJ plugins for image analysis. This statistical approach not only quantita-
tively confirmed differences in anatomical parameters but also identified key structural relationships reflect-
ing the adaptive mechanisms of S. altaiensis to the environmental conditions of Eastern part of Kazakhstan.

54 Fundamental and Experimental Biology. 2026, 31, 2(122)



Ecological and anatomical features...

Results and Discussion

The analysis of S. altaiensis leaves from natural populations of Eastern Kazakhstan revealed a pro-
nounced set of xeromorphic and oromorphic traits characteristic of high-mountain plants of Central Asia.
Leaf blade thickness varied within a narrow range (447-512 um), which is consistent with reported data on
stable morphological characteristics of montane Rosaceae species (Table 1). Under the environmental condi-
tions of Katon-Karagay National Park, plants are exposed to intense solar radiation, sharp diurnal tempera-
ture fluctuations, and periodic moisture deficits (Fig. 2-5). In such conditions, a compact and weakly varia-
ble leaf blade serves as a key adaptive mechanism that helps maintain turgor and reduce transpirational water
loss. Similar patterns have been documented in species of the genera Dasiphora Raf., Rosa L., and
Spiraea L., supporting the shared adaptive strategies of Rosaceae in response to extreme mountain environ-
ments [27].

lop SME

Figure 2. Marginal part of the leaf blade (Margo folii) in cross-section: uep — upper epidermis;
lep — lower epidermis; pal — palisade parenchyma; sp — spongy parenchyma; bsh — bundle of sclerenchyma;
vb — vascular bundle

Figure 3. Central part of the leaf blade
(Pars centralis laminae folii) in cross-section:
uep — upper epidermis; lep — lower epidermis; pal — palisade parenchyma;
sp — spongy parenchyma; bsh — bundle of sclerenchyma; vb — vascular bundle

Figure 4. Central vein of the leaf blade
(Vena media laminae folii) in cross-section: uep — upper epidermis; pal — palisade parenchyma;
sp — spongy parenchyma; bsh — bundle of sclerenchyma; xy — xylem; ph — phloem
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Figure 5. Upper part of the leaf blade (Pars superior laminae folii) in cross-section: uep — upper epidermis;
pal — palisade parenchyma; sp — spongy parenchyma; bsh — bundle of sclerenchyma; vb — vascular bundle

Figure 6. Lower part of the leaf blade (Pars inferior laminae folii) in cross-section:
lep — lower epidermis; pal — palisade parenchyma; sp — spongy parenchyma;
bsh — bundle of sclerenchyma; vb — vascular bundle

cular bundle (DVB)

Table 1
Anatomical characteristics of the leaf (um)
Indicator Average gtande_lrd Minimum 25 % Median 75% | Maximum
eviation

'(‘Teﬁ‘;;"ad“h'c"”ess 476,55 19,79 44710 | 461,91 | 47353 | 491,94 | 511,65
Thickness of the upper 22.66 2,08 20,20 21,09 22,59 23,27 27,23
epidermis (TVE)

Thickness of the lower 2412 2.78 1981 2176 | 2493 | 2645 | 27.40
epidermis (TLE)

Thickness of the palisade | g, ¢, 23,18 16461 | 170,48 | 201,67 | 208,62 | 22734
mesophyll (TPM)

Thickness of the spongy | ;¢ 4q 18,00 94,66 11433 | 12826 | 13523 | 153,77
mesophyll (TGM)

Diameter of the main vas- |, 44 16,49 21525 | 239.08 | 24694 | 25549 | 264.93

A thickened upper epidermis (up to 27 pm) and the formation of a dense cuticle are reliable barrier
structures that, combined with the hypostomatic leaf type, limit water loss and protect tissues from
photodestructive effects. Similar adaptations have been observed in species such as Juniperus sabina L.,
Betula fruticosa Pall., and Spiraea alpina Pall., which grow on rocky substrates in the East Kazakhstan and

the Altai [28].
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The palisade mesophyll of S. altaiensis was considerably thick (up to 227 um), indicating a high level
of photosynthetic activity. In mountain xeromorphic plants, an increase in the volume of palisade tissue is
considered a key mechanism for enhancing photosynthetic efficiency under bright but often intermittent
light [29]. A thick palisade mesophyll ensures effective light absorption and maintains high productivity of
the photosynthetic apparatus, despite frequent cloud cover, fog, and daytime shading, which are typical for
the Sarymsakty Ridge (Fig. 6-12).

The high variability in spongy mesophyll thickness (94—153 pm) may reflect the sensitivity of the
aerenchyma structure to soil moisture and macronutrient availability. Comparative studies on Tilia cordata
Mill. [30], Caragana pygmaea (L.) DC., and Populus suaveolens Fisch. have shown that the spongy meso-
phyll is the most plastic element of leaf anatomy, changing in response to fluctuations in water availability.
The presence of mucilage canals and calcium oxalate druses corresponds to high metabolic activity of the
tissues and specialized protective mechanisms against excess ions or herbivory.

The low variability in xylem thickness (CV < 3 %) confirms the structural stability. This is consistent
with data from resilient oromorphic species such as J. sabina, Spiraea chamaedryfolia L., and Dasiphora
fruticosa (L.) O. Schwarz, whose secondary xylem also demonstrates stability regardless of environmental
variability [31].

The diameter of the main vascular bundle (215-265 um) shows low variability, which is consistent with
patterns observed in Spiraea media Schmidt. and Prunus fruticosa Pall. [32]. On mountain slopes, water
transport is limited not only by moisture deficiency but also by sharp temperature fluctuations that can dis-
rupt the continuity of transport pathways.

The stability of the vascular system parameters indicates a conservative water transport mechanism and
a high degree of adaptation to stressful conditions. A pronounced sclerenchymatous sheath around the veins
confirms the mechanical reinforcement of the leaf. The dense mechanical framework provides resistance to
bending and tearing caused by strong winds typical of the montane-meadow regions of the Southern Altai.
Similar traits have been observed in steppe and subalpine species such as Rosa acicularis Lindl. and Cotone-
aster melanocarpus Ledeb., indicating common oromorphic adaptations of Rosaceae to physical stress (Ta-
ble 2). In the stems of S. altaiensis, this represents one of the most important adaptive traits. Such reinforce-
ment of the conductive xylem (778-854 um) is typical for plants growing under conditions of cold nights,
frost, and sharp temperature fluctuations, in which xylem is susceptible to cavitation. According to the works
of Esau and Fahn, compensatory expansion of xylem elements is a typical response to the risk of disruption
in the water column.

Table 2
Anatomical parameters of the stem (um)

Indicator Average 32?/?:&;2 Minimum | 25% | Median | 75% | Maximum

Periderm thickness (TPR) 74,29 2,78 69,35 73,31 74,37 75,76 78,86
Diameter of primary cortex| 3 g 5,42 3607 | 3883 | 4356 | 47,92 | 51,35
parenchyma cells (DPC)
Phloem thickness (TFL) 432,17 137,80 44,73 462,84 | 474,96 | 481,89 517,85
Xylem thickness (TXL) 820,82 21,58 778,77 812,52 | 822,41 | 833,85 853,72
Diameter of pith cells 39,61 7,50 2057 | 3497 | 3951 | 4462 | 5312
(DPCe)
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Figure 7. Cross-section of the stem (caulis): co — protective tissue (cuticle and epidermis);
per — primary cortex; par — parenchyma tissue; cam — cambium; ph — phloem; xy — xylem; p — pith

Figure 8. Right half of the stem (pars dextra caulis) in cross-section: co — protective cortex;
par — parenchyma; cam — cambium; ph — phloem; xy — xylem; p — pith

Figure 9. Pith of the stem (medulla caulis) in cross-section: p — pith parenchyma
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Figure 10. Transitional zone between the pith and the vascular system of the stem
(zona transitionis inter medullam et systema vascularium caulis)
in cross-section: p — pith parenchyma; xy — xylem
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Figure 11. Cambial zone of the stem (zona cambialis caulis)
in cross-section: xy — xylem; cam — cambium; ph — phloem

Figure 12. Peripheral part of the stem (margo caulis) in cross-section:
co — protective tissue (cuticle and epidermis); per — primary cortex; par — parenchyma
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The phloem and primary cortex exhibited higher variability, which may reflect seasonal fluctuations in
assimilate flow and carbohydrate redistribution. Similar fluctuations have been described in T. cordata, con-
firming general trends in woody plants of temperate-cold regions.

Soils at the studied sites were slightly acidic (pH 4.95-5.13) with moderate electrical conductivity
(49-84 mV). These conditions are typical of high-mountain meadow soils, which are prone to leaching and
base deficiency [33]. It was found that in areas with higher electrical conductivity, mesophyll thickening and
reinforcement of vascular tissues were observed. This is consistent with models of soil ionic composition
effects on the photosynthetic apparatus of plants.

The correlation matrix (Fig. 13) showed that leaf blade thickness is closely related to the diameter of the
vascular bundle (r = 0.91); pith cell diameters negatively correlate with mesophyll thickness (r = —0.64); and
stem xylem parameters correlate with phloem (r > 0.7).
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Figure 13. Correlation matrix of morpho-anatomical parameters of leaves and stems S. altaiensis

The strong correlation between leaf blade thickness and palisade mesophyll thickness (r = 0.88) high-
lights the structural integration of the photosynthetic apparatus. A similar relationship has been reported in
arcto-alpine species such as Salix glauca L. and Betula nana L., where photosynthetic tissues form a stable
adaptive module that enables plants to withstand extreme environmental conditions [34].

Such correlations indicate the presence of an interconnected anatomical system optimized for the moun-
tain climate. Comparable structural linkages among anatomical modules have been documented in many
high-mountain species, including Betula rotundifolia Spach, S. glauca, and various Caragana spp.

Anatomical and morphological analyses demonstrated that S. altaiensis develops a unique set of adap-
tive structures that ensure resilience under the high-altitude landscapes of Eastern Kazakhstan. The combina-
tion of a thickened palisade mesophyll, consistently developed xylem, a robust sclerenchymatous framework,
and a hypostomatic leaf surface reflects an integrated survival strategy aimed at maintaining water balance,
reducing transpiration, and enhancing mechanical strength of tissues. These features make S. altaiensis a
valuable model species for understanding the adaptive responses of Central Asian flora to climate change
and extreme ecological conditions.

Conclusion

Anatomical and morphological investigations of S. altaiensis revealed a set of stable structural features
reflecting the species’ profound adaptation to the extreme conditions of high-mountain ecosystems in Eastern
Kazakhstan. The leaf blade exhibits pronounced xeromorphic traits, including a thick upper epidermis with a
well-developed cuticle, a hypostomatic leaf type, and a compact mesophyll organization. The thick palisade
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mesophyll ensures high photosynthetic efficiency under intense solar radiation, whereas the spongy
mesophyll regulates gas exchange and contributes to maintaining water balance under limited moisture
availability.

The presence of a robust sclerenchymatous sheath surrounding the veins and the stable dimensions of
vascular bundles indicate high mechanical resistance of the leaf—an essential adaptation to withstand wind
exposure and mechanical stress typical of mountainous landscapes. Stem anatomy, characterized by a well-
developed xylem, stable wood parameters, and moderately variable phloem, further supports the adaptive
strategy of the species, ensuring efficient water transport and structural stability of shoots under sharp tem-
perature fluctuations and periodic water deficits.

Correlation analysis of morphometric traits revealed strong relationships among leaf blade thickness,
mesophyll parameters, vascular bundle diameter, and the development of stem xylem. These interconnec-
tions confirm the presence of an integrated anatomical system capable of optimizing plant functions in re-
sponse to abiotic conditions. Such structural coherence is typical of high-mountain species of Central Asia
and reflects an evolutionarily established survival strategy in extreme environments.

Thus, S. altaiensis represents a highly adapted species with well-defined anatomical and morphological
features that confer resilience to climatic and edaphic stresses of the Kazakh Altai. The findings expand cur-
rent scientific understanding of ecological-anatomical adaptations in Rosaceae under mountain conditions,
refine the diagnostic characteristics of the species, and may serve as a basis for future taxonomic, floristic,
and ecological research. The results are also significant for monitoring natural populations of S. altaiensis
and for developing biodiversity conservation strategies under intensifying climate change.

This scientific article was prepared within the framework of the doctoral dissertation by
Zh.K. Alemseitova entitled “Ecological and biological assessment of the current state of populations of the
genus Sibiraea Maxim.”, conducted by a third-year doctoral student of the educational program 8D05203
“Bioecology” at Astana International University.
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Sibiraea altaiensis (L.) Schneid. ecimairinig IlIsirpic Kazakcran
JKaAFIAHbIHIAFBI IKOJIOTHSUIBIK-AaHATOMMSUIBIK epeKIIesIiikTepi MeH OeiliMaenyi

Sibiraea altaiensis (L.) Schneid. ecimaikrepi KapKbIHIbI KYH paJHalUsICBHIHBIH, TEMICPATYPAHBIH KYpT
AYBITKYBIHBIH, TOMEH BUFAIIBUIBIKTEI JKOHE TOIBIPAKTHIH ocepiH Hamap cesiHeTiH IlIsreic KazakcTaHHBIH
Omik Taynbl DSKOXyHenepiHe ToH Typ. byn 3eprreynme KaTtonkaparail yiTTBIK NHapKiHiH Taburu
nomy/siusuIapsiHan S, altaiensis skameipakTapbl MeH cabaKTapblHA KEMICH[ JKOJOTHSUIBIK-aHATOMHUSIIBIK
TaJzay Jkacaiabl. AHATOMISUIBIK ITapaMeTpiiep KIacCHKAIBIK MUKPOTEXHHUKAJBIK 9ICTepIl, MOPHOMETPHUSHBI
JKOHE CTATHCTHKAHBI KOJITaHa OTBIPBIN 3eprTenreH. S. altaiensis sxamblparbl Kcepo- KOHE OpPOMOPQTHI
OenrinepniH afiKpIH KeIIeHIH Kepcerexi. JKambIpak TaKTachIHBIH KANBIHABIFBI TYPAKTHI, KaOBIFBI JKaKCHI
JaMbIFaH, 3ITHIAEPMUCI TUIIOCTOMATTHI JKoHe OipHere THIITI. JlopcHBEHTpababl Me30(HILT KaJIbIH MATHCaIThI
KabaTBIMEH JXQHE OpTalla e3repMelli OOpNbUIIAK KaOaThIMEH CHIATTAJBIN, Oy JKOFapbl MHCOJSILUS MEH
HIEKTEYII BUIFAN JKaFJaiibiHa OeliMaenTeHiH KepceTeai. OTKI3Ti MOKTap CKICPEeHXHUMaMeH HBIFAUThUIFaH,
Oyl KaTThl JKeNAepre MeXaHWKAaNbIK Te3iMIUIIKTI apTTeipambl. Cabarbl KakChl JaMbIFaH KCHIJIEMaMeH,
OTKI3TINI JIEMEHTTEP/IH TYPaKTHl OJIIeMIepiMeH JKoHe KaJbIH HepHaepMa KadaThIMEH epeKIleseHeni, Oyt
KYPBUIBIM Cy TpPaHCIOPTHIHBIH THIMII JKYHECIH KalbllTacTelpansl. KoOppemsmusuiblk Tajjay Herisri
AQHATOMMSUTBIK TTapaMeTpJIepAiH JOHEeKTIIIriH KOPCeTTi, oJlap: KaIbIpaK KaJbIHABFEI, Me30(HUT KYPhUIBIMBI,
OTKI3TIII COyNeNepiH MeIIepl KoHE KCWIEMaHbIH AaMybl. TipIIimiK €Ty OpTAachIHBIH TOIBIPAFbl a3lall
KBIIIKBUI, MUHEPAIIaHYbl TOMEH-ME30(MIUT MEH OTKI3TIilll TIHACP/iH OpTalla MKEMIUTIriHEe COHKEC KeNei.
Ocsuraiiima S. altaiensis kasakcraHblK ANTaiIbIH OHiK TayTapbIHBIH 3KCTPEMANIbl XKaFIaiaapbiHaa eMip
CYpPydi KamTaMmachl3 €TETiH aHaTOMHSUIBIK-MOPQOJIOTUSIIBIK OedimMuenynepain Oiperell KelleHiHe Ue.
Adnprarad MoniMertep OpTanblk A3usaarel ROSaceae TYKbIMIAChIHBIH OKIUIAEPiHiH OeHiMIeny IBOTIOHACHH
TepeHipeK TYCIHyre MYMKIHIIK Oepeli j>koHe TAaKCOHOMHUSUIBIK opi TaOHFaT KOpray 3epTTeyiepi YIUiH
MaHBI3/IBL.

Kinm ce3dep: Sibiraea altaiensis, xanblpak aHATOMUSICH], cabaK aHATOMMUACHI, OWIKTaysbl OeHiMaemyIep,
9KOJIOTHSUIBIK-aHaTOMUSUTBIK Tanaay, LIereic Kasakcran, KaTonkaparaii.

K.K. AnemceiitoBa, A.b. Meip3aranmueBa, A.b. Kycmanraszunos, ['.O. Onimraii,
C.A. Upcanues, A.E. Opazos

JK0JIOT0-aHATOMHYECKHE 0COOEHHOCTH CTPOEHHST H A aNTAIU i
Sibiraea altaiensis (L.) Schneid. B yciioBusix Bocrounoro Kazaxcrana

Sibiraea altaiensis (L.) Schneid. — xapaxrepHblii BUJ] BEICOKOTOPHBIX KocucTeM Bocrounoro Kasaxcrana,
T/Ie PacTeHUs MCIBITHIBAIOT BO3ACHCTBAE MHTEHCUBHOMN COJIHEUHOHN paJilalii, PE3KUX TEMIIEPaTYPHBIX KO-
neGaHni, HU3KOW BIAXKHOCTH M OCITHBIX MOYB. B TaHHOM HCCIIeIOBAaHWH BBHIITOJHEH KOMIUIEKCHBIH 3KOJIOTO-
AHATOMUYECKHMI aHaNu3 JMCTheB M cTebnei S. altaiensis w3 npupomubix nomyssinuiit Katon-Kaparaiickoro
HAIMOHAIBHOTO Tapka. AHATOMHYECKUE MapaMeTphl U3YUEHBI C HCIOIb30BaHUEM KIIACCHUECKIX MUKPOTEX-
HAYECKHX METOIHK, MOphomeTpuu u cratiucTukd. Jluer S. altaiensis meMoHCTpHpYeT BBIpaKEHHBIH KOM-
TUIEKC KCepo- M OpOMOP(HBIX MPU3HAKOB. JIMCTOBAS IIACTHHKA MMEET CTAaOMIBHYIO TONIIMHY, XOPOIIO pa3-
BHUTYIO KYTHKYJy, THIIOCTOMAaTHYECKUil anuaepmMuc. JJopcrBeHTpaIbHBINA Me30(HLT XapaKTepH3yeTCsl yTOI-
NIEHHBIM TTAKUCATHBIM CII0EM U YMEPEHHO BapHaOeIbHBIM I'yOUaThIM CIIOEM, YTO OTPAKACT TaNTALUIO K BBI-
COKO MHCOJISIIMK U OTpaHHueHHOM Biare. [IpoBoisiiye mydky YCHICHBI CKISPEHXHMOM, obecrnednBas me-
XaHUYECKYI0 YCTOHYMBOCTh MPU CHIIBHBIX BeTpax. CTedenb OTIIMYaeTcs pa3BUTON KCHIIEMOH, CTaOHIbHBIMU
pasMepaMu COCYIHCTBIX 3JIEMEHTOB U TOJICTOW mepuaepMmoit, Gopmupyromumu 3G HEKTHBHYIO CHCTEMY BOJI-
HOro TpaHcrnopra. KoppelsunoHHBIN aHanu3 MOKasal COTVIACOBAaHHOCTh OCHOBHBIX aHATOMHYECKHX Iapa-
METPOB — TOJIIUHEI JIHCTA, CTPYKTYPHI Me30(HiIIa, pa3MEpOB MPOBOISIINX ITyYKOB U PAa3BUTHS KCHIIEMBL.
[TouBsl MecTOOOMTAaHHI — CIAOOKHCIIBIE, C HU3KOW MHHEpalu3alieil — COOTBETCTBYIOT YMEPEHHOI Iia-
CTHYHOCTH Me30(miiia u mpoBOIAIMX TKaHeil. Takum obpasom, S. altaiensis obnamaer yHHKaIbHBIM KOM-
IJICKCOM aHATOMO-MOP(OJIOTHYECKUX aJIaNTaluii, 00SCIIeYMBAIOIINX BEDKHBAHHE B SKCTPEMAIIbHBIX YCIOBH-
sx BeIcokoropuii Kazaxcranckoro Adnras. [lodydeHHBIe NaHHBIE YTIyOJSIOT NMOHMMAaHHE aJalTHBHON 3BO-
JMouuy npeacraButeneld Rosaceae LientpanbHoi A3UK U BOKHBI IS TaTbHEHIIIMX TAKCOHOMHYECKUX U MPH-
POJIOOXPaHHBIX UCCIIEIOBAHUI.

Knioueswie cnosa: Sibiraea altaiensis, anatomust nucra, aHatomusi cTe6IIsl, BRICOKOTOPHBIC aIAllTalluy, KO-
JIorO-aHaTOMHYecKuil ananu3, Bocrounsit Kazaxcran, Katon-Kaparaii.
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Current state and ecological assessment of flora in man—made areas
of industrial enterprises in the East Kazakhstan region

The article presents the results of a floristic study of technogenically disturbed territories associated with in-
dustrial enterprises in the East Kazakhstan Region (EKR) and assesses the current ecological state of vegeta-
tion in these areas. The aim of the study was to evaluate the ecological features and current condition of flora
in disturbed industrial territories based on an analysis of species composition and the ecological structure of
plant communities at seven major non-ferrous metallurgy enterprises in the East Kazakhstan Region. The ob-
ject of the study was the flora of technogenically disturbed industrial sites. The research was based on field
botanical surveys using floristic and ecological—cenotic analysis methods. The disturbed flora was found to
comprise 253 species of woody and herbaceous plants belonging to 171 genera and 53 families. Three leading
families were identified: Asteraceae Bercht. & J.Presl — 41 species (16.1%), Poaceae Barnhart — 24 species
(9.4%), and Rosaceae Juss. — 23 species (9.0%), which are characteristic of the boreal-temperate flora of the
Holarctic region. The study includes an ecological and morphological assessment of plant adaptation to envi-
ronmental conditions and analyzes patterns of vegetation recovery in disturbed habitats. Ecological character-
istics of the phytocenoses are presented, the distribution of species among ecological—cenotic groups is exam-
ined, and a botanical-geographical analysis of the flora of technogenically disturbed territories is conducted.
The obtained results expand current understanding of vegetation formation under technogenic impact and
provide insight into the present state and ecological organization of technogenic flora.

Keywords: flora, ecosystem, phytocenosis, population, community, species, plants, technogenically disturbed
areas, environmental assessment, succession.

Introduction

Intensive industrial development plays a leading role in the economic development of any country. Its
growth has a negative impact on the environment, leading to changes in the integrity of the biogeocenotic
cover and the degradation of natural landscapes, air, water, and soil pollution, increased waste, and a reduc-
tion in plant biodiversity. These processes give rise to anthropogenically disturbed lands, where secondary
successions of biological communities occur spontaneously [1]. One such source of environmental destabili-
zation in Eastern Kazakhstan is large industrial enterprises extracting and processing minerals. The region is
a flagship for the development of non—ferrous metallurgy, the leading economic sector in the eastern part of
the Republic. The region is home to large complexes for the extraction and processing of polymetallic ores:
copper, zinc, magnesium, titanium, precious metals, and other minerals. The operations of these enterprises
impact the environmental situation in the region, worsening the environment. Moreover, the environmental
consequences of indirect impacts on the environment are often more extensive and often exceed the direct
impact of mining enterprises on the environment.

The increasing area of technogenic land necessitates the identification and objective assessment of the cur-
rent state of soil and vegetation cover at the region’s major industrial enterprises. Scientific literature empha-
sizes the importance of studying technogenic flora, as such research allows for the assessment of the ecologi-
cal state of disturbed areas, the identification of plant adaptations to extreme conditions [2], and the devel-
opment of effective measures to restore and protect disturbed ecosystems [3, 4].

The aim of the work is to assess the current state and ecological characteristics of flora in man-made
areas based on the analysis of species composition and ecological structure of populations at seven leading
non—ferrous metallurgy enterprises in the East Kazakhstan region (EKR).

The main objective is to study the issues of degradation of plant communities and the study of the fea-
tures of the formation of technogenic flora for further monitoring, planning and development of environmen-
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tal measures, as well as conducting a geographic analysis of industrial flora, which will provide an under-
standing of the processes of formation of phytocenoses under conditions of technogenic impact and the pat-
terns of plant distribution on the territory of industrial facilities.

Experimental

The study of vegetation cover in the zone of man—made pollution was carried out at 7 industrial enter-
prises in the East Kazakhstan region (Fig. 1).

Google earth

Figure 1. Study of vegetation cover at industrial enterprises in East Kazakhstan region
1 — Ridder Metallurgical Plant; 2 — Ust-Kamenogorsk Titanium and Magnesium Plant;
3 — Ulba Metallurgical Plant; 4 — Belousovsky Mining and Processing Plant; 5 — Irtysh Copper Smelter;
6 — Irtysh Rare Earth Company; 7 — Kazmineral

The study focused on natural and anthropogenically transformed plant communities located within the
mountain forest, forest—steppe, and steppe zones near large industrial enterprises. Phytocenoses were studied
using a route—reconnaissance method in areas adjacent to industrial enterprises in the East Kazakhstan
region. A GARMIN GPS navigator was used to accurately determine the location of the monitoring zones
(Etrex 22 X). During the research, the species composition of vascular plants was described, herbarium spec-
imens were collected, and plant communities were identified taking into account the terrain and patterns of
vertical zonation.

The species composition of herbarium specimens was clarified using plant identification guides [5-11]
and the GBIF information system (https://www.gbif.org/).

The life forms of plants were established according to the ecological-morphological classification of
I.G. Serebryakov [12]. The structural-dynamic analysis of life forms, taking into account the characteristics
of the habitat and the nature of growth, was carried out according to the classification of G.M. Zozulin
[13, 14]. The ecological conditions of plants were determined using the ecological scales of
G.Ya. Stepanyuk, L.A. Zhukova and others, reflecting the distribution of species in anthropogenically dis-
turbed areas based on the analysis of the species composition of plants, their taxonomic, morphological and
ecological-geographical characteristics [15-19]. The identification of the structure of the flora by the be-
longing of species to ecological—cenotic groups, the assessment of the ratio of natural and anthropogenic
components that determine the degree of transformation of ecosystems were carried out using ecological
scales and methods of analyzing floristic diversity in accordance with the approaches developed by
R.V. Kamelin for comparative floristic studies [20, 21].

The geographical analysis was conducted using the quantitative flora characterization method of
A.l. Tolmachev et al. [22-27]. Species were distributed according to longitudinal and latitudinal geographic
elements, which made it possible to identify patterns of their spatial distribution under conditions of anthro-
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pogenic transformation of vegetation cover. Statistical processing of primary and secondary data from the
comparative analysis of industrial phytocenosis systems was carried out using Microsoft Office Excel 2010.

Results and Discussion

The distribution of plant species in phytocoenoses was recorded at 132 locations across key sites of
seven regional enterprises (Fig. 2). All areas are characterized by a high degree of anthropogenic impact due
to the long-term development of the mining industry. The flora of the study areas includes apophytes, native,
ruderal, synanthropic, and adventitious species that form secondary successional communities in disturbed
areas.
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Figure 2. Distribution of the number of species by industrial sites in the East Kazakhstan region

According to the botanical and geographical zoning, the study area belongs to the Altai—Sayan moun-
tain—taiga region, which is part of the South Siberian mountain forest vegetation region. The natural vegeta-
tion cover is located in two provinces [28, 29]:

— The Irtysh forest—steppe province of the Eurasian steppe region. Its territory is home to mining enter-
prises and large population centers, forming an independent type of urban phytocenosis vegetation. Natural
vegetation is formed in the steppe and forest-steppe zones of the right bank of the Irtysh River. The natural
vegetation type includes forest—steppe feather-grass—grass and fescue steppes, mixed forests, aspen-birch
groves, floodplain forests, and shrub thickets. In flat areas, natural phytocenoses give way to arable lands and
pastures with anthropogenic agrocenoses and associated weed vegetation. The relief is represented by a hilly
surface, in places smoothed and indented by a moderate river network. The difference in altitude reaches up
to 120 m (from 80 to 200 m). The climate is sharply continental. Winters are cold and with little snow. Pre-
cipitation ranges from 280 to 450 mm. Soils are predominantly a combination of light and dark chestnut
soils.

— West Altai mountain forest province. The main enterprises of the non—ferrous metallurgy mining and
processing industry are concentrated in the city of Ridder. The surrounding area belongs to the mountain—
taiga zone and is characterized by high-altitude and mid-altitude terrain with characteristic vertical zonation.
The natural vegetation type is coniferous and mixed forests. Due to intensive agriculture near populated are-
as, plant communities have been transformed by human economic activity. Degradation of the soil structure
and a decrease in overall biodiversity are observed, accompanied by an increased number of adventitious
species. The relief is a geomorphological depression with elevations of 700-900 meters above sea level. The
climate is moderately cold due to the moderate altitudinal climatic zonation of the mountainous terrain. Pre-
cipitation ranges from 600 to 800 mm. The soils are soddy—podzolic.

Vegetation is one of the most sensitive biological components to human anthropogenic influence and,
therefore, is becoming a key indicator of industrial pollution. The flora of the Kazakhstan Altai remains un-
derstudied. The total floristic diversity of the region comprises approximately 2,500 species of higher vascu-
lar plants from 531 genera and 108 families [5]. The studied provinces represent a limited portion of the
Rudny Altai, experiencing significant anthropogenic influence from industrial zones. During route recon-
naissance surveys in key flora areas, we noted 253 species of woody and herbaceous plants from 171 genera
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and 53 families (Table 1). Species analysis showed that the proportion of flora represented at industrial sites
reaches 10 % of the total species diversity of the Kazakhstan Altai.

Table 1

Leading flora families near industrial enterprises in the northeastern part of Rudny Altai,
East Kazakhstan region

Families Number of species % of total
Asteraceae Bercht. & J. Presl 49 19.3
Poaceae Barnhart 24 94
Rosaceae Juss. 23 9.0
Fabaceae Lindl. 17 6.7
Salicaceae Mirb. 13 5.1
Lamiaceae Martinov 12 4.7

Caryophyllaceae Juss. 9 3.6
Apiaceae Lindl. 8 3.2
Ranunculaceae Juss. 7 2.8
7
6

Plantaginaceae Juss. 2.8
Polygonaceae Juss. 24

In disturbed ecosystems, the leading families are Asteraceae (491 species, 19.3 %), Poaceae
(24 species, 9.4 %), and Rosaceae (23 species, 9.0 %), which is typical of the boreal-temperate flora of the
Holarctic. Due to their high ecological plasticity, they inhabit a variety of habitats, including disturbed natu-
ral complexes, and become dominant in ecosystems for a given climate.

The dominant components of the Irtysh region’s phytocenoses are typical meadow-steppe and shrub—
meadow communities. In the Ridder mountain basin, meadow and forb—grass communities predominate, de-
veloping in the moderately cold and humid conditions of the low relief. Human activity has led to significant
changes in the structure and composition of the mountain taiga forests around the city. Species like Artemisia
vulgaris L., Tanacetum vulgare L., Achillea millefolium L., Dactylis glomerata L., Lolium pratense (Huds.)
Darbysh., Alopecurus pratensis L., Trifolium hybridum L. and others are found in natural and
anthropogenically disturbed areas. Among them, the overwhelming majority of the noted species
(229, or 90.4 %) are native plants of the Kazakh Altai. Adventitious species make up a significant proportion
of the cultivated flora near populated areas of the region (24, or 9.5 %). Due to their ecological plasticity,
they are able to survive under stressful conditions and undergo a full cycle of ontogenetic development.
Among them, predominantly tree species are traditionally used in landscaping cities and towns in the region:
Acer negundo L., Ulmuslaevis Pall., Populus balsamifera L., Malusbaccata (L.) Borkh., Fraxinus
pensylvanica Marshall, Syringa wvulgaris L., Ribes aureum Pursh. Some species are invasive
(Acer negundo L.) or potentially invasive plants in natural communities and in the vicinity of populated areas
(Echinocystislobata (Michx.) Torr. et A. Gray, Amaranthus retroflexus L., Xanthium strumarium L. andetc.).

Plants in the surveyed area represent a diverse range of life forms. The overwhelming majority of 106
species (42 %) are perennial herbaceous plants of the genus Elymus. repens (L.) Gould, Agropyron
cristatum (L.) Gaertn., Artemisia austriaca Jacg., Cichorium intybus L., Senecio vulgaris L., Heracleum
dissectum Ledeb., Origanum vulgare L. andetc. They have a developed root system, are highly adaptable,
and are capable of vegetative propagation, which ensures population stability in a variety of habitats. A rela-
tively high proportion of annuals (57 %, or 22 %) and biennials (43 %, or 17 %) are found, occupying open
and unstable areas lacking dense vegetation cover on industrial sites, along roads, in settlements, and
in vacant lots (Setariaviridis (L.) P. Beauv., Carduusnutans L., Sonchusoleraceus L., Chenopodiumalbum L.,
Amaranthusretroflexus L.etc.). Dendroflora is represented by 47 taxa (18.5 %). Among them, adventitious
species are noted—6 %, which have a high proportion of participation in the composition of cultivated
plantings. Some of them act as “pioneers”, becoming the basis of these formations with the gradual over-
growth of man-made objects—Populustremula L., Betula L., Rosaspinosissima L., Spiraeahypericifolia L.,
Lonicera Tatarica L., Caraganafrutex (L.) K. Koch, Atraphaxisfrutescens (L.) Eversm., etc. Subshrubs and
vines (2 species each) are minimally represented in the industrial flora, accounting for 1.6 % (Fig. 3). It has

68 Fundamental and Experimental Biology. 2026, 31, 2(122)



Current state and ecological...

been noted that in disturbed areas, the presence of native woody flora ensures natural succession processes
during the restoration of anthropogenic ecosystems.
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Figure 3. Life forms noted in plant populations in the areas of industrial pollution in East Kazakhstan region:
Mtr — herbaceous perennials; Odn — annuals; Dv — biennials; D — trees; K — shrubs; Pk — subshrubs; L — vines

A structural and dynamic analysis of plant species was conducted to determine the stability of vegeta-
tion cover, the degree of disturbance, the stages of succession, and assess biodiversity. According to
G.M. Zazulin’s classification, the development of phytocenoses in disturbed ecotopes was determined by the
ratio of restative, irruptive, and vagative plant groups, reflecting their adaptation and spatial distribution. The
composition of plant groups in populations in the study areas varies depending on a range of factors related
to the nature of industrial impact on the surrounding area (intensity of technogenic pollution, production
characteristics, distance from the pollution source, the degree of accumulation of harmful substances in the
soil, etc.).

In the disturbed areas of industrial enterprises in the region, the vegetation cover is dominated by re-
storative species (127 species, 50 %), indicating a pronounced ability of the community to maintain its occu-
pied area and stabilize its spatial structure. The significant proportion of irruptive species (89 species, 35 %)
indicates active dispersal and the development of vacant ecological niches, which is typical of
anthropogenically transformed habitats. The smaller proportion of vagative species (38 species, 15 %) re-
flects their limited role in long—term population succession (Fig. 4).

Populations with different types of groups in disturbed areas located near an operating industrial enter-
prise and the enterprise after its shutdown and reduction of technogenic impact are presented in Figure 3. At
sites with intense and constant pollution (Ust-Kamenogorsk “TMK?), irruptive species predominate in the
technogenic flora — Acer negundo L., Calamagrostis epigeios (L.) Roth., Cichorium intybus L., Cirsium
vulgare (Savi) Ten., Convolvulus arvensis L. Their share in the flora is 114 (45 %), indicating high ecologi-
cal instability of plant populations under constant anthropogenic pressure. The proportion of stable regenera-
tive populations decreases to 41 % (104 species), preventing the formation of a stable biocenosis. Among the
existing species, plants with high ecological plasticity and resistance to environmental pollution are noted:
Artemisia absinthium L., Salvia dumetorum Andrz. ex Besser, Verbascum songaricum Schrenkex Fisch. et
C.A. Mey., Origanum vulgare L., etc. The low value of variable species 35 (14 %) indicates that plants do
not tolerate active pollution well — Melilotus albus Medik., Berteroa incana (L.) DC., Echium vulgar L.,
Erigeron canadensis L. et al. Thus, the ecosystem is in a state of chronic stress, where slow successional
processes are observed.

A somewhat opposite picture of technogenic flora development is observed at the former Irtysh Chemi-
cal and Metallurgical Plant, which began operations in 1958. The plant’s production activities were gradually
suspended from 2008 to 2015. In fact, the plant’s impact on the surrounding flora and ecosystem during this
period was minimized. Active technogenic impact on the flora decreased, and successional processes gradu-
ally began to develop toward the formation of resilient and stable plant communities characteristic of natural
ecosystems. The current composition of the vegetation reflects this dynamic, manifested in the predominance
of regenerative species: 46 (51 %) of the total 89 species noted. Festuca rubra L., Artemisia sericea Weber
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(Besser), Achillea millefolium L., Gypsophila paniculata L., Dianthus ramosissimus Pall.ex Poir et al. The
proportion of irruptive taxa is still high, amounting to 29 (33 %). The ecosystem has not yet stabilized, and
active successional changes are underway. Many expansive species continue to maintain their numbers and
play a significant role in plant communities, indicating the impact of environmental pollution. Among them
are ruderal, synanthropic, and pioneer species: Elymus repens (L.) Gould, Malva thuringiaca subsp.
thuringiaca, Sonchus arvensis L., Rumex confertus Willd., and Leonurus glaucescens Bunge. The low pro-
portion of variable species (14; 16%) indicates that the ecosystem has not yet reached maturity and remains
unstable. These species include Carduus crispus L., Cannabis sativa var. ruderalis (Janisch.) S.Z. Liou,
Senecio vulgaris L., and Amaranthus retroflexus L. Overall, this area reflects a post-technogenic character.
Successional processes are at the early and middle stages of development.

15% 14% 16%
359 33%
45%
41%
0% 51%
= Irruptive = Restorative = Vagative = [rruptive = Restorative = Vagative = [rruptive = Restorative = Vagative
A B C

Figure 4. Distribution of plant groups in populations according to G.M. Zazulina in disturbed areas
of East Kazakhstan region: A — Average data for all sites, B — Operating Ust-Kamenogorsk Titanium and Magnesium Plant,
C — Mothballed Irtysh Rare Earth Company LLC

Plants growing in man—made landscapes differ in their ecological characteristics, including their rela-
tionship to moisture conditions, light conditions, and soil fertility (Fig. 5, 6).

10; 4%

5;2%

34;13% 18, 7%

= Xerophytes

19; 8%
= Xeromesophytes

Mesophytes
= Mesoxerophytes
= Mesohygrophytes
94; 37% 73;29% = Hygrophytes

= Hygromesophytes

Figure 5. The ratio of ecological groups by the moisture factor of plants growing
in man—made disturbed landscapes
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Figure 6. The ratio of ecological groups by the illumination factor (A) and soil fertility (B)
of plants growing on man—made disturbed landscapes of the East Kazakhstan region

In terms of moisture requirements, plants adapted to moderate moisture predominate—mesophytes 94
(37 %), mesoxerophytes 13 %, xerophytes 19 (8 %), xeromesophytes 73 (29 %). Such types, like Agrimonia
pilosa Ledeb., Poa pratensis L., Lolium pratense (Huds.) Darbysh., Senecio vulgaris L., Veronica spicata L.,
Phleum phleoides (L.) H. Karst., Bromus inermis Leyss., etc. reflect dry and moderately dry character condi-
tions growth on violated territories. Marked moisture—loving types from groups hygrophytes with intermedi-
ate subgroups—33 (13 %) species, predominantly encountered on territories mountain taiga zones (Ridder):
Salix viminalis L., Rubus caesius L., Sanguisorba officinalis L., Equisetum sylvaticum L., Angelica
decurrens (Ledeb.) B. Fedtsch., Cirsium alatum (SG Gmel.) Bobrov and in relation to light, the flora of dis-
turbed areas of industrial zones is represented predominantly by heliophytes—222 (88 %) and, to a lesser
extent, by scioheliophytes 31 (12 %). This distribution is due to the open nature of the territories of industrial
zones, including the mountain—steppe landscape, where well-lit areas predominate and dense vegetation is
absent. In the surveyed areas, the greatest number of species develop with average soil fertility —
mesotrophs 115 (45%) — Lonicera Tatarica L., Alopecurus pratensis L., Bromus inermis Leyss.,
Echinops tricholepis Schrenk, Origanum vulgare L., etc. The ecological group of plants that inhabit soils
with low nutrient content includes 83 (33 %) taxa (oligotrophs) — Pinus sylvestris L., Caragana frutex (L.)
K. Koch, Filipendula vulgaris Moench, Agropyron desertorum (Fisch. ex Link) Schult., Artemisia gmelinii
Weber ex Stechm., etc., and 55 (22 %) plants from industrial zones prefer fertile soils with a high humus
content (eutrophs).

The eco—coenotic spectrum of flora in disturbed areas is characterized by high mosaicism. Analysis of
flora by ecological groups and habitat types reflects habitat conditions, allows evaluating their ecological
confinement, functional role in the structure of plant communities, and identify anthropogenic impact. Flora
of disturbed areas is divided into 5 eco—coenotic groups: steppe and semi-steppe 65 species or 26 %; forest,
forest—shrub and forest-meadow formations (64 species or 25 % of the total composition); weed-ruderal
(62 species or 25 %); meadow (51 taxa or 20 %); wetland (11 species or 4 %). The dominance of steppe and
forest species reflects the ecotone nature of the territories, caused by the interaction of forest—steppe, steppe
and mountain-taiga landscapes. Meadow groups are present as a background element, displaced by weed
and steppe vegetation. The proportion of wetland species is minimal due to the relief features and the pre-
dominance of dry growing conditions (Fig. 7).
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Figure 7. Spectrum of eco—cenotic groups of industrial flora of industrial enterprises of the East Kazakhstan region

An analysis of the spectrum of latitudinal elements of species, carried out on the basis of the classifica-
tion of latitudinal elements according to A.l. Tolmachev [22], showed that the flora of the studied territories
is almost entirely represented by species of the temperate zone (99 %), which corresponds to its physical and
geographical position within the mountainous and foothill regions (Fig. 8).
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Figure 8. Spectrum of latitudinal elements of flora species of industrial enterprises
of the East Kazakhstan region according to botanical and geographical zoning

The largest share in the urban flora is made up of temperate boreal elements 92 (36 %), characteristic of
conditions with low temperatures and sufficient moisture—Rosa acicularis Lindl., Potentilla chrysantha
Trevir., Bromus inermis Leyss., Bunias orientalis L., Medicago falcata L., and others. The predominance of
this group reflects the significant influence of the mountain—taiga zone. A significant part of the flora is rep-
resented by temperate nemoral-boreal 51 (20 %) and boreal-nemoral elements 40 (16 %)—Acer
Tataricum subsp. ginnala (Maxim.) Wesm., Ulmus pumila L., Populus laurifolia Ledeb., Chamaenerion
angustifolium (L.) Scop., Senecio nemorensis L., VeronicaspicatalL., Malva thuringiaca subsp.
Thuringiaca. These are ecologically flexible species, occupying transition zones between steppe and forest,
with mountain-steppe and forest-steppe elements dominating. Moderately nemoral species account for 67
(27 %) of the studied species. The group includes species confined to warmer temperate climates associated
with forest—steppe, meadow steppes, and anthropogenic species that form the basis of the vegetation cover of
industrial zones and is represented by Acer negundo L., Populus alba L., Ferula songarica Pall. ex Willd.,
Pulmonaria Mollis Wulf. ex Hornem., Dianthus ramosissimus Pall. ex Poir., Delphinium dictyocarpum DC.,
and others. The subtropical element is insignificant, constituting 1.2 %, associated with introduced, anthro-
pogenic alien and cultivated plants—Echinochloa crus — galli (L.) P. Beau., Heliantus annuus L. These
species are not indicators of the natural conditions of the region.

An analysis of longitudinal flora groups reveals a distinct predominance of species with wide habitat
ranges, a characteristic feature of anthropogenically transformed ecosystems. The Eurasian group dominates
the vegetation structure, comprising 194 (77 %) species of the total flora of anthropogenically disturbed are-
as, forming the core of disturbed habitats. The proximity of their habitats and similar biogeographic origins
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allows them to be considered a single Eurasian complex, possessing a broad ecological range and high resili-
ence to anthropogenic impacts on the environment (Fig. 9).
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Figure 9. Distribution of industrial flora of industrial enterprises of East Kazakhstan region by geographical zoning

Among them Acer tataricum L., Populus tremula L., Betula pendula Roth, Calamagrostis purpurea
(Trin.) Trin., Poa pratensis L., Cirsium arvens e (L.) Scop., Plantago major L., Salvia dumetorum Andrz. ex
Besser etc. Holarctic elements are playing significant role — 23 (9 %) types, characterized by extensive are-
as growth V within Northern hemispheres — Sanguisorba officinalis L., Festuca rubra L., Agrostis
stolonifera L., Phragmites australis (Gav.) Trin. ex Steud., Equisetum hyemale L. etc. Their presence high-
lights the ability of plants to adapt to various climatic conditions, including urbanized and man-made areas.
The remaining longitudinal elements are represented in small proportions: North American and Asian spe-
cies — 10 each (4 %) — Populus balsamifera L., Fraxinus Pennsylvania Marshal, Solidago canadensis L.,
Ferula songarica Pall. ex Willd., Bupleurum longifolium subsp. aureum and others; North American ele-
ments are represented by alien and naturalized species, widely distributed in disturbed and secondary habi-
tats; Asian elements reflect continental floristic connections and adaptation to arid and mountain-steppe con-
ditions; European elements make up 9 (4 %) species of the total number — Salix daphnoides Villa., Syringa
vulgaris L., Campanula rapunculoides L. and other East Asian — 6 species or 2 % — Acer Tataricum
subsp. ginnala (Maxim.) Wesm., Salix integra Thunb., Malus baccata (L.) Borkh. etc. Their participation
reflects the historical and geographical connections of the region’s flora with specific floristic regions and
introduction processes. The tropical-subtopical element is represented by one species — Portulaca
oleracea L., which indicates the absence of influence of southern floristic complexes.

The ecological—cenatic distribution of vegetation on the territory of industrial enterprises is formed un-
der the influence of the degree of technogenic load, environmental conditions and biological characteristics
of plant communities.

The conducted research has established that the structure of industrial phytocenoses reflects the adapta-
tion of vegetation to disturbed ecotypes and combines elements of stabilization and active species dispersal
with high ecological plasticity, taking into account zonal and climatic factors. The most favorable conditions
for plant growth were also noted at the mothballed IREC LLC facility, where phytocenoses are in a state of
restorative succession, compared to operating facilities, where natural plant communities are weakened due
to constant anthropogenic impacts on the environment, with a predominance of ruderal species and a de-
crease in the diversity of natural vegetation.

Conclusion

Based on the results of the research, the floristic composition of key industrial flora sites comprises 253
species of woody and herbaceous plants from 171 genera in 53 families, accounting for 10 % of the total
species diversity of the Kazakhstan Altai. The leading families of industrial flora are representatives of three
families: Asteraceae—49 (19.3 %) species, Poaceae—24 (9.4 %) species; Rosaceae—23 (9.0 %) species,
which is typical for the boreal-temperate flora of the Holarctic.

In terms of life forms, the overwhelming majority of plant species are perennial herbaceous plants—
106 (42 %), followed by annuals—57 (22 %), and biennials—43 (17 %). Dendroflora is represented by 47
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taxa (18.5 % of the total), including adventitious species (6 %): trees—31 (12 %), shrubs—12 (5 %), and
subshrubs and vines—2 each (1 %).

Structural-dynamic analysis (the relationship between plant groups in populations) revealed that dis-
turbed phytocenoses are in the recovery stage, with stabilization processes prevailing over active dispersal.
Under conditions of intense environmental pollution from industrial enterprises, successional processes and
the formation of stable plant communities are slowing down.

The ecological characteristics of phytocenoses in disturbed areas are represented by light—loving plants
(heliophytes 88 %), adapted to moderate (mesophytes — 37 %, mesoxerophytes — 13 %) and limited mois-
ture (xerophytes — 8 % and xeromesophytes — 29 %) with a predominance of species with average soil fer-
tility (mesotrophs — 45 %), which corresponds to the ecological conditions of the steppe and mountain—
steppe zones of the foothills.

The flora of the disturbed areas is divided into 5 ecological-cenotic groups: steppe and semi-steppe 65
species (26 %); forest, forest—shrub and forest-meadow — 64 species (25 %) of the total composition;
weed-ruderal — 62 (25 %); meadow — 51 (20 %); wetland — 11 (4 %).

Botanical and geographical analysis shows that the latitudinal flora elements in disturbed areas are al-
most entirely represented by temperate zone species (99 %). It was established that the majority of the flora
are temperate boreal species — 92 (36 %), nemoral-boreal species — 51 (20 %), and boreal-nemoral spe-
cies — 40 (16 %). This indicates the dominance of temperate zone flora in the formation of plant communi-
ties in industrial ecotopes.

The longitudinal structure is characterized by the dominance of the Eurasian group—194 species
(77 %), creating a unified Eurasian complex with high resilience to anthropogenic impacts in the
technogenically disturbed areas of industrial enterprises. Other longitudinal elements are represented in mi-
nor proportions: North American and Asian species account for 10 each (4 %), European elements account
for 9 (4 %), and East Asian species account for 6 (2 %). The presence of North American and Asian species
indicates the introduction of introduced species and migration processes.

Thus, at present, industrial phytocenoses in the man—-made territories of the enterprises of the East Ka-
zakhstan region are in a state of restoration succession process.
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A.A. Bunokypos, O.A. AnydpueBa

HIsirpic KazakcTaHn 00JIbICHIHIAAFBI OHEPKICINTIK KICIMOPBIHAAPABIH
TEXHOTeHAIK OY3bLJIFAH ayMaKTapbIHAAFbI (JIOPaHbIH Ka3ipri sKaraaibl
7KOHE IKOJIOTHSJIBIK 0aFrachl

Maxkanana [ersic Kazakctan o6asiceiHgarel (IHKO) eHepkocinTik KoCIMOPBIHAAPABIH TEXHOTEHAIK
ayMaKTapbIHAars! (JIOpaHbI 3epTTey HATIKeIepl KeATipiireH, Oy3pUIFaH ayMaKTap/arsl TEXHOTEH/IIK acepre
yiielparad  (UIOpaHbIH Ka3ipri jkargaiiblHa SKOJIOTISUIBIK Oaranay Herisinge Oara OepinreH. 3eprrey
KYMBICBIHBIH MakcaTbl — IlIbiFpic KazakcTaH oOGJIBICBIHIAFBl TYCTI METayUTyprus CalachlHOAFbl JKETi
JKETEeKI KOCIMOPBIHAA KYPTi3iIreH TYPIIK KYpaMIbl )KoHE MOMYJISISIIAPIBIH 3KOJIOTHSUIBIK KYPBUTBIMBIH
Talgay Heri3iHIe TEeXHOTeHAIK ayMakrapiarbl (UIOpaHbIH —Ka3ipri Jkarjaibl MEH OKOJOTHSJIBIK
epeKIIeNiKTepin Oaranay. 3epTTey HBICAaHBI — OHEPKACINTIK KACIMOPHIHAAPIBIH TEXHOTCHAIK Oy3bUIFaH
ayMakTapbIHbIH (ropacel. JKymbic (IOPUCTUKANBIK XKOHE 3KOJOTHSIIBIK-IEHOTHKAIBIK TajAay oOmicTepiH
KOJIIaHA OTBIPBII XKYPIi3UIreH Janayblk OOTaHMKAIBIK CHIIATTaMaliap HETi3iHJAe OphIHIANABL. OHEpKACINTIK
(hopaHBIH TYPIIIK KYPaMbIHBIH epeKIIenikTepi aubIKTaIasl. On 53 TykbiMaac nieH 171 TybICKa KaTaThIH aFamt
JKOHE MIenTeciH eciMmikrepai 253 TypiHeH Typambl. Herisri ym jkeTekmni TyYKeIMIac aiKbIHIANIBL:
Asteraceae Bercht. & J.Presl — 41 typ (16,1 %), Poaceae Barnhart — 24 typ (9,4 %) xoHe Rosaceae Juss.
— 23 1yp (9,0 %). byn tyxemMmactap ['omapkTukaHbelH Gopeanbabi—KOHbIpKail ¢raopackiHa ToH. XKyMbIcTa
OCIMIIKTEpIiH KOpIIaFraH OpTa JKarJaiiapbliHa OciiMIenyine KoHe TeXHOTCHIIK (IOpaHbIH KaiiTa KallbiHa
KeJIy epeKILIETKTepiHe HKOJIOTUSIIBIK-MOPQOIOTHIIBIK Oara OepinreH. CoHBIMEH KaTap (UTOICHO3Iapra
SKOJIOTHSUIBIK CHIIATTaMa >KACajblll, TYPJEPAIH AKOJOTHSIIBIK-IIEHOTHKAIBIK TONTap OOMBIHIIA Tapaiybl
TaIJaHAbl, TEXHOTEHAIK ayMakTap (iaopacsiHa OOTaHUKAIBIK-TEOTPa(UsIIBIK TalAay Kypri3ingi. AJBIHFaH
MOJIMETTep TEXHOTCHMIK acep JKaFJaibIHAa ©CIMIIK JKaMBUIFBICHIHBIH KAJIBIITACY 3aHJBUIBIKTApbl TYpajbl
TYCIHIKTI KeHEHTIIl, TeXHOTeHIK (pIIOpaHbIH Ka3ipri KaFIaiibIH CUIaTTayFa MYMKIHAIK Oepenti.

Kinm ce3odep: ¢nopa, 3xoxyie, GHUTOLECHO3, MOMYJAMS, KaybIMIACTBIK, TYP, OCIMIIKTEp, TEXHOTCHIIK
Oy3BUIFaH ayMaKTap, YKOJIOTHSUIIBIK Oaraiiay, CyKIecCHsl.

A.A. Bunokypos, O.A. Anydpuena

CoBpeMeHHOE COCTOSTHHE M IKOJIOTHYECKAasi OleHKA (JiopbI
TE€XHOT€HHO HAPYILIEHHBIX TEPPUTOPUSIX NMPOMBIIIJIEHHBIX NPeINpusiTUii
BocTrouno-Ka3axcranckoi 00/1acT

B cratee mpuBOIATCS pe3ysbTaThl MCCIEIOBaHUS (IIOPHI HA TEXHOT€HHBIX TEPPUTOPHUSX MPOMBIIUICHHBIX
npeanpuatuii Bocrouno-Kazaxcranckoit oomactu (BKO), naHa orieHKa cOBpeMEHHOTO COCTOSTHHS TEXHOTEH-
HO HapyLIeHHOH (JIOphI HA HApYIIEHHBIX TEPPUTOPHIX Ha OCHOBE IKOJOTHUECKOl oneHKH. Llens paboTel —
JIaTh OIEHKY COBPEMEHHOMY COCTOSIHHIO M 3KOJIOTHYECKHM OCOOCHHOCTSIM (DIIOpHI Ha TEXHOTEHHBIX TEPpH-
TOPHSX Ha OCHOBE aHaJM3a BHJOBOTO COCTaBa M 3KOJIOTMYECKOH CTPYKTYPHI MOIYJIALMH Ha CEMH BEIYIIUX
MPEANPHUATHAX IBETHOW MeTaurypruu Bocrouno-Kaszaxcranckoit oomactu. O0bekT nccnenoBanus — ¢uiopa
TEXHOTEHHO HapyIIEHHBIX TEPPUTOPHII MPOMBIIIIEHHBIX MpeAnpusTrii. PaboTta BBIOIHEHA HA OCHOBE IOJIE-
BbIX OOTAaHUYECKUX OMKCAHUIl C MCIOJb30BAaHUEM METO/OB (DIOPHCTHYECKOTO M 3KOJIOTO—IIEHOTHYECKOTO
aHanM3a. Y CTaHOBJIICHBI OCOOCHHOCTH BHIOBOTO COCTaBa IMPOMBINIICHHOH (hIOphI, HacUUTHIBatomeh 253 BH-
Jla IPEBECHBIX U TPAaBSIHUCTHIX pacTeHuil u3 171 pona, oTHocsmuxcs k 53 cemelictBaM. Brinenens! 3 Beny-
mux cemeiicta: Asteraceae Bercht. & J. Presl — 41 sun (16,1 %), Poaceae Barnhart — 24 suna (9,4 %) u
Rosaceae Juss. — 23 Buza (9,0 %), KoTOpBIE XapaKTepHbI [UIsi OOpeaTbHO—yMEPEHHOH (GIopsl [0MapKTHKH.
B pabore mpexncraBieHa skonoro—Mopdoaornueckasi oneHKa aJanTalyud PacTeHHH K YCIOBHUSIM CpEIbl H
0COOCHHOCTSIM BO300HOBJICHUSI TEXHOTEHHBIX (uop. JlaHa skojornyeckas XapakTepUCTHKa (HUTOLEHO30B,
MPOAHAIU3UPOBAHO PACIIPE/ICNICHHE BHJOB IO JKOJIOTO—L[EHOTHYECKHUM TpYIaM, HPOBEleH OOTaHHKO—
reorpadudecKuii aHaau3 GIIOPHI TEXHOTEHHBIX TeppuTopuil. [lomydeHHbIe cBeEHHS PacIIUPSIOT TPeCTaB-
JICHUA O 3aKOHOMEPHOCTAX (bOle/IpOBaHl/Iﬂ PacTUTEIBHOCTH B YCIOBUAX TEXHOI'CHHOI'O B03ﬂeﬁCTBHﬂ " JarT
HpEICTAaBICHUE O COBPEMEHHOM COCTOSTHHM TEXHOTEHHOI (IIOPEL.

Knrouesvle cnosa: ¢nopa, sxocucrema, (GUTOLEHO3, MOMYJIALHs, COOOIIECTBa, BUA, PACTEHHs, TEXHOTCHHO
HapyIICHHbIE TEPPUTOPHH, IKOJIOTHYECKAsl OLIEHKA, CYKIIECCHSL.
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Altitudinal zonality and phytocenotic diversity of plant communities with
participation of species of the genus Allium L. in the northern macroslope
of the Kyrgyz Alatau mountains

The Kyrgyz Alatau is the westernmost range of the Northern Tien Shan. The western part of the northern
macroslope of the range, with absolute heights of up to 3,700 metres above sea level, is located within Ka-
zakhstan. This mountainous country is characterised by a “Kyrgyz type of altitudinal zonality”, reflecting a
connection with the vegetation of the Western Tien Shan. After identifying herbarium and expedition speci-
mens, the revised checklist of the genus Allium L. includes 25 taxa, including the rare species A. suworowii
and two subendemics (A. margaritae, A. trachyscordum). An analysis of the phytocenotic and altitudinal dis-
tribution of habitats of 19 species of the genus Allium L., identified during 2024-2025 in 14 gorges of the
northern macroslope of the Kyrgyz Alatau range showed that their distribution in the mountains begins with
the savannoid and meadow steppe subbelts, continues with the belt of juniper woodland belt, the belt of sub-
alpine meadows and prostrate juniper thickets, and ends with the alpine belt of cryophytic meadows and
communities of kobresia. The gorges of the western low- and mid-mountain part of the range are character-
ised by species diversity of onions: Sogety, Makpal, Ulken Almaly, Tastambek, Uzynbulak, as well as the
Karakystak gorge located to the east, where 5 to 6 species of onions are found. Based on showing the loca-
tions of 19 identified wild species of the genus Allium L. on the northern macroslope of the studied range was
created.

Keywords: altitudinal distribution, the genus Allium L., Kyrgyz Alatau range, phytocenotic diversity.

Introduction

The Kyrgyz Alatau range is the western most of the Northern Tien Shan ranges. The western part of the
northern macro-slope of the range, with absolute heights of up to 3,700 metres above sea level, is located
within Kazakhstan. This mountainous country is characterised by the “Kyrgyz type of altitudinal
zonality” [1], which shows a connection with the vegetation of the Western Tien Shan, expressed in the
abundance of ephemerals and ephemeroids in the steppe zone on the foothill plains, in the appearance of a
zone of juniper woodland and in the fragmentary nature of the forest zone. For the western part of the north-
ern macroslope, patterns of zonal distribution of vegetation cover have been identified [2]. Within the high-
lands, there is an alpine belt of cryophytic low-grass meadows (28003500 m above sea level / asl) and a belt
of subalpine meadows and prostrate juniper thickets (2200-2800 m asl). The middle mountains are charac-
terised by a belt of juniper woodland (1600—-2200 m asl). Within the low mountains, foothill plains and hills,
there is a steppe belt with three sub-belts: meadow steppes (1200-1600 m asl), savannoid steppes
(800-1200 m asl), and desert steppes (500-800 m asl). The foothill plain is home to a belt of foothill deserts
(400-500 m asl).

For the territory of the Kyrgyz Alatau in Kazakhstan, based on analysis of herbarium and field research
data, a preliminary list of 27 species of the genus Allium L. was compiled [3, 4]. To date, after the identifica-
tion of expeditionary and herbarium specimens of the genus Allium L. of the western part of the Kyrgyz
Range, the updated list includes 25 species: Allium atrosanguineum Schrenk, A. barsczewskii Lipsky,
A. caeruleum Pall., A. caesium Schrenk, A. caricifolium Kar. et Kir., A. dasyphyllum Vved., A. fetisowii Re-
gel, A. hymenorhizum Ledeb., A. karataviense Regel, A. leptomorphum Vved., A. longiradiatum (Regel)
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Vved., A. margaritae B. Fedtsch., A. obliquum L., A. oreoprasoides Vved., A. oreoprasum Schrenk,
A. parvulum Vved., A. platyspathum Schrenk, A. platystemon Kar. & Kir. (syn. A. oreophilum C.A. Mey.),
A. polyphyllum Kar. et Kir., Allium sativum L. (syn. A. longicuspis Regel), A. semenovii Regel, A. suworowii
Regel, A. taschkenticum F.O. Khass. et R.M. Fritsch, A. trachyscordum Vved., A. turkestanicum Regel [5],
including one endemic (A. oreoprasoides) [6], 2 sub-endemics (A. margaritae, A. trachyscordum), which are
also found in Kyrgyzstan [7], and a rare species from the Red Book of Kazakhstan [8] — A. suworowii.

Comparison of the given list of onions from the western part of the Kyrgyz Alatau with the published
regional lists of species of the genus Allium L. showed that, out of 42 onion species in the Zhetysu Alatau,
12 are found on both ranges under similar ecological conditions [9]. In the synopsis of onions of Eastern Ka-
zakhstan, represented by 45 species, 5 species are common to these mountain regions (A. hymenorhizum,
A. obliquum, A. platyspathum, A. caeruleum, A. platystemon (syn. A. oreophilum) [10]. For the flora of the
studied and desert Aral-Balkhash regions, only 3 common species (A. margaritae, A. turkestanicum,
A. suworowii) were noted [11], which generally indicates a wide ecological range of growth of species of the
genus under study.

The purpose of these studies is to continue the analysis of the phytocenotic and altitudinal confinement
of habitats of species of the genus Allium L., identified during field studies in 2024-2025 in the gorges of the
western part of the Kyrgyz Alatau Range, which began in 2024.

Experimental

The material for the studies was the natural populations of onions identified during field studies in
2024-2025 in the gorges of the western part of the Kyrgyz Alatau Range, located within the Junggar-North
Tien Shan Province, the Kyrgyz mountain subprovince [12].

When conducting field research, generally accepted methods of floristic, geobotanical and cartographic
research were used. The determination of plant species was carried out on the basis of the 9-volume edition
of “Flora of Kazakhstan [13], “lllustrated Guide...” [14]. The taxonomy of species is consistent with the
Internet resources Plantarium.ru and Plants of the World Online (POWO) [15, 16], but the authors adhere to
their own view on the species affiliation of some taxa. To create maps of wild onion locations within the
studied range, the coordinates obtained using the Garmin GPS navigator were plotted on a cartographic base
and formatted in ESRI ArcGIS Desktop 10.8. On a cartographic basis, an updated digital geographical basis
at a scale of 1:2500000 of the FSBI “VSEGEI” was used.

To characterize the vegetation of the high-altitude zones, the following stock materials collected during
the implementation of the program: “Botanical diversity of wild relatives of cultivated plants of Kazakhstan
as a source of enrichment and preservation of the gene pool of agrobio diversity for the implementation of
the food program” (2013-2015) were also used, and the characteristics of the floristic composition of
individual gorges (Merke, Karakystak) were supplemented by materials from the article by N.V. Nelina
etal. [17].

The study of altitudinal-zonal patterns of vegetation cover was carried out using traditional methods of
field geobotanical research [18], including landscape-ecological profiling and description of the main plant
communities.

Results and Discussion

Field studies conducted during 2024-2025 have so far identified the localities of 19 species of the genus
Allium L. in 14 surveyed gorges of the range and established that their distribution in the altitude range in the
mountains begins from the subbelt of savannoid steppes, where, in the vegetation cover, in addition to typical
steppe bunch grasses, savannoids are distributed. Steppes are combined with thickets of shrubs, rocks and
screes with sparse aggregations of upland xerophytes and petrophytes, gallery forests with a layer of shrubs
and grass-forb meadows. On the slopes with steppe vegetation and steppe meadows, species grow:
A. barsczewskii, A. caeruleum, A. karataviense, A. suworowii, A. caesium, A. fetisowii (Table 1).
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Table 1

Altitudinal distribution of species of the genus Allium L. identified in the western part

of the Kyrgyz Alatau Mountains

Altitudinal belt

Height (m asl)

Floristic diversity of communities with par-
ticipation of Allium L. species

Species

Cryophytic low-grass
meadows

2800-3500

Alchemilla retropilosa Juz., Bistorta vivipara
(L.). Delarbre, Potentilla crantzii (Crantz)
Beck ex Fritsch, Festuca kryloviana Reverd.,
Poa alpina L., Carex alatauensis S.R. Zhang,
C. capillifolia (Decne.) S.R. Zhang,
Thylacospermum caespitosum (Cambess.)
Schischk., Rhodiola coccinea (Royle) Boriss.,
Saxifraga macrocalyx Tolm., Lonicera
semenovii Regel, Ephedra regeliana Florin,
Potentilla crantzii (Crantz) Beck ex Fritsch,
Allardia tomentosa Decne., Saussurea
gnaphalodes (Royle ex DC.) Sch. Bip. [1].

A. atrosanguineum

Subalpine meadows
and prostrate juniper
thickets

2200-2800

Juniperus pseudosabina Fisch. & C.A. Mey.,

J. semiglobosa Regel, Phlomoides oreophila
(Kar. & Kir.) Adylov, Kamelin & Makhm.,
Bistorta elliptica (Willd. ex Spreng.)

V.V. Petrovsky, D.F. Murray & Elven, Trifoli-
um repens L., T. pratense L., Ziziphora
clinopodioides Lam., Potentilla nivea L.,
Acantholimon fetissovii Regel, A. purpureum
Korovin, A. alberti Regel, Sibbaldianthe bifurca
(L)) Kurtto & T. Erikss.), Rhodiola kirilowii
(Regel) Maxim., Myosotis asiatica (Vestergr.)
Schischk. & Serg., Iris ruthenica Ker Gawl.,
Alchemilla retropilosa Juz., A. sibirica Zamelis,
Koenigia alpina (All.) T.M. Schust. & Reveal,
Lamium album L., Achillea millefolium L., Ar-
temisia stechmanniana Besser, Asperugo
procumbens L., Alopecurus arundinaceus Poir.,
Helictochloa hookeri (Scribn.) Romero Zarco,
Poa pratensis L., P. angustifolia L., Phleum
phleoides (L.) H. Karst., Dactylis glomerata L.,
Festuca valesiaca Schleich. ex Gaudin.

. atrosanguineum,
. hymenorhizum,

. fedtschenkoanum,
. filifolium,

. polyphyllum,

. schoenoprasoides

>rrr>rr

Juniper woodlands

1600-2200

Juniperus pseudosabina, J. semiglobosa, Sorbus
tianshanica Rupr., Lonicera microphylla Willd.
ex Schult., Salix triandra L., Rosa platyacantha
Schrenk, Spiraea lasiocarpa Kar. & Kir.,
Ephedra equisetina Bunge, Atraphaxis pyrifolia
Bunge, Atragene sibirica L., Festuca valesiaca,
Helictochloa hookeri, Stipa kirghisorum

P.A. Smirn., Phleum phleoides, Phlomoides
pratensis (Kar. & Kir.) Adylov, Kamelin &
Makhm., Melica transsilvanica Schur,
Catabrosa aquatica (L.) P.Beauv., Bromus
inermis Steven, Lolium pratense (Huds.)
Darbysh., Phleum phleoides, Patrinia
intermedia (Hornem.) Roem. & Schult., Del-
phinium oreophyllum Huth, Hypericum
perforatum L., Medicago falcata L., Potentilla
inclinata Vill., Thalictrum minus subsp. saxatile
Gaudin, Eremurus tianschanicus Pazij & Vved.
ex Pavlov

A. caesium,

A. fetisowii

A. leptomorphum,
A. renardii,

A. talassicum
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Continuation of Table 1

Altitudinal belt

Height (m asl)

Floristic diversity of communities with par-
ticipation of Allium L. species

Species

Steppes:
Meadow steppes

1200-1600

Prunus erythrocarpa (Nevski) Gilli, P. griffithii
var. tianshanica (Pojark.) Ingram, Atraphaxis
pyrifolia, A. virgata (Regel) Krasn., Spiraea
hypericifolia L., Acer semenovii Regel &
Herder, Crataegus chromorcarpa Lenné &

K. Koch, C. sanguinea Pall., C. turkestanica

A. barsczewskii,
A. caeruleum,
A. karataviense,
A. suworowii,
A. caesium,

A. fetisowii

Pojark., C. songarica K. Koch, Salix alba L.,
Rosa beggeriana Schrenk ex Fisch. &

C.A. Mey., R. platyacantha, Rubus caesius L.,
Hippophae rhamnoides L., Festuca valesiaca,
Stipa capillata L., Bothriochloa ischaemum (L.)
Keng, Bromus lanceolatus Roth, Aegilops
cylindrica Host, Taeniatherum caput-medusae
(L.) Nevski, Hordeum murinum subsp.
leporinum (Link) Arcang., Poa bulbosa L.,
Lolium pratense (Huds.) Darbysh., Elymus
repens (L.) Gould, Thinopyrum intermedium
subsp. intermedium, Cynodon dactélon (L.)
Pers., Astragalus L., Calamagrostis
pseudophragmites (Haller f.) Koeler, Bromus
inermis Leyss., Eremurus tianschanicus,
Acantholimon Boiss., Ziziphora clinopodioides,
Hypericum scabrum L., H. perforatum, Mentha
longifolia (L.) L., Glycyhrhiza uralensis Fisch.
ex DC., Plantago lanceolata L.,

Inula britannica L., Galium aparine L.,
Medicago falcata L., Lathyrus pratensis L.,
Vicia cracca L.

Pistacia vera L., Acer semenovii Regel &
Herder, Pyrus regelii Rehder, Atraphaxis
pyrifolia, Rosa platyacantha, Ephedra
equisetina, Prunus griffithii var. tianshanica,
Allochrusa gypsophilloides (Regel) Schischk.,
Thinopyrum intermedium subsp. intermedium,
Festuca valesiaca, Stipa caucasica Schmalh.,
Galium verum L., Ziziphora clinopodioides,
Crupina vulgaris Pers. ex Cass., Crambe
cordifolia subsp. kotschyana (Boiss.) Jafri,
Bromus japonicus Houtt., Taeniatherum caput-
medusae [19]

. barsczewskii

. caeruleum

. caesium,

. caricifolium

. fetisowii,

. karataviense,

. margaritae,

. sativum,

. suworowii,

. trachyscordum

Savannoid steppes 800-1200

>rr>r>r>>>>>r>

Savannoid woodlands with pistachio and low trees of Semenov’s maple and Regel’s pear are
found on the steep, stony, dry slopes of southwestern exposure. Shrubs (Atraphaxis pyrifolia, Rosa
platyacantha, Ephedra equisetina, Prunus griffithii var. tianshanica) are sporadically noted. The grass layer
is represented by wheatgrass, fescue, ephemeroids, forbs and annual savannoid grasses (Bromus japonicus,
Taeniatherum caput-medusae) [19], including species of onion (A. caricifolium, A. margaritae, A. sativum,
A. trachyscordum).

The identified onion species were often found in forb-grass, forb-shrub-grass, petrophytic-forb-shrub,
and petrophytic-arboreal-shrub communities. In the low and middle mountains, 13 species (A. barsczewskii,
A. caeruleum, A. caesium, A. caricifolium, A. fetisowii, A.karataviense, A.leptomorphum, A. margaritae,
A. renardii, A.sativum, A. talassicum, A. trachyscordum, and the rare species A. suworowii) grew
in the altitudinal range from 1050 to 1972 m asl. Six species (A. atrosanguineum, A. hymenorhizum,
A. fedtschenkoanum, A. filifolium, A. polyphyllum, A. schoenoprasoides) were noted in the subalpine zone at
absolute altitudes of 2431-2667 m (Table 2).
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The greatest phytocenotic diversity is formed in intermountain gorges and river valleys, where the main
diversity of onion species is concentrated (A. barsczewskii, A. caricifolium, A. sativum, A. trachyscordum,
A. fetisowii, A. caesium, etc.) (Fig. 1). Stony slopes are characterized by A. caricifolium, A. karataviense, and
A. trachyscordum, which are found in the gorges of Tastambek, Kara-Arsha, and Makpal. A rare species of
A. suworowii is found in the valley of the Kayindy River of the Makpal gorge under the canopy of Acer
semenovii, Prunus armeniaca L., with the participation of shrubs (Rubus caesius, Rosa laxa Retz.) and forbs
(Salvia deserta Schangin, Sophora alopecuroides L., Conioselinum tataricum Hoffm., Origanum tyttanthum
Gontsch. etc.), and in the Sogety gorge it is noted in the river valley among tree and shrub vegetation.

Table 2
Altitudinal confinement of species of the genus Allium L identified in 2024-2025
in the surveyed gorges of the Kyrgyz Alatau
Gorges / altitude, m asl
g
_ - S I I - I x 5| %
Species S E| 2|2 | 8|S 5|8 g | 3|E|z|23
e (X | § | ¥ | s |l 5| &5 8| E|D
= n > o ] c
21g|E€ 5522|2222 8%
) X ¥ 9 [ )
>
N4
Allium 3390 | 2520 2667
atrosanguineum
A. barsczewskii 1387 1182 1100
1200 1270
A. caeruleum 1387 1391 1100 1290 1113|1100
A. caesium 1808 1182 1761 1320 | 1113 | 1100
A. caricifolium 1182
A. hymenorhizum 2431
A. fedtschenkoanum 2637
A. fetisowii 1387 1808 1052 | 1100 1972 1270 | 1113 | 1100
S 2431
A. filifolium 2440
. 1200
A. karataviense 1387 1391 1100 1391 1270 | 1113|1100
A. leptomorphum 1660
A. margaritae 1200
A. polyphyllum 2667
A. renardii 1911
A. sativum 1070 1170
A. schoenoprasoides | 2440
. 1182
A. suworowii 1070 1270
A. talassicum 1808
1050 1123 1083
A. trachyscordum 1069 1131
Total species 3 5 1 5 2 2 3 6 1 3 3 6 5 5
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Figure 1. — Map of the localities of wild species of the genus Allium L. identified in 2024-2025
on the northern macroslope of the Kyrgyz Alatau range

Wild garlic (A. sativum) was found in the Sogety gorge in the weed-bluegrass community, where Poa
bulbosa, Euphorbia virgata Waldst. & Kit.,, Galium aparine, Mentha longifolia, Achillea millefolium,
Sonchus palustris L., Artemisia dracunculus L., Sisymbrium loeselii L. are also noted in the species composi-
tion. In the Makpal gorge, this species is found in abundance of “sp” in floodplain meadows.

In the Ulken Almaly gorge, on the stony southern slope, three species of onions grow at once
(A. margaritae, A. caeruleum, A. karataviense) as part of an ephemeroid-grass with the participation of
spirea and bassia (Stipa caucasica, Bromus japonicus, Eremurus sp, Rheum cordatum Losinsk., Spiraea
hypericifolia, Bassia prostrata (L.) Beck) community.

In the Makpal gorge on the right bank of the Kayindy River, six species of onions (A. barsczewskii,
A. caesium, A. caricifolium, A. sativum, A. suworowi, A. trachyscordum) were found, confined to forbs and
shrubs (Spiraea hypericifolia, Atraphaxis pyrifolia, Rosa plathyacantha, Hypericum perforatum,
H. scabrum, Salvia deserta, Rheum cordatum, Haplophyllum latifolium Kar. & Kir, Betonica betoniciflora
(Rupr. ex O. Fedtsch. & B. Fedtsch.) Sennikov, Helichrysum maracandicum Popov ex Kirp., Ziziphora
clinopodioides, Centaurea virgata subsp. squarrosa (Boiss.) Gugler) cenoses.

The subendemic species A. trachyscordum was found in the Tastambek, Makpal and Kara-Arsha gorges
on stony screes in separate clumps among the thickets of shrubs (Prunus griffithii var. tianshanica, Spiraea
hypericifolia, Atraphaxis pyrifolia) and forbs (Gypsophila paniculata L., Salvia sclarea L., Hypericum
scabrum, Rheum cordatum, Euphorbia virgata, Alcea nudiflora (Lindl.) Boiss., Tulipa greigii Regel,
Capparis spinosa var. herbacea (Willd.) Fici.).

According to previous studies, A. caeruleum was found in forb-grass floodplain meadows (Elymus
repens, Thinopyrum intermedium subsp. intermedium, Medicago falcata, Hypericum perforatum, Achillea
asiatica Serg., Sanguisorba officinalis L., Mentha longifolia) in the gorge of the Kogershin river at an alti-
tude of 1182 m asl.

In the subbelt of meadow steppes, rich forb—grass—fescue communites are represented. Fescue (Festuca
valesiaca) dominates, with less abundant other steppe grasses (Stipa capillata, S. kirghisorum P.A. Smirn.,
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Helictochloa hookeri, Phleum phleoides), meadow-steppe species (Salvia deserta, Nepeta nuda subsp. nuda,
Galium verum, Phlomoides pratensis, Dactylis glomerata, Geranium collinum Stephan ex Willd.).

Meadow steppes are combined with shrub thickets on stony slopes (Spiraea hypericifolia, Rosa
spinosissima L., Atraphaxis pyrifolia, Juniperus pseudosabina) with species of Eremurus M.Bieb. (E. regelii
Vved., E. tianshanicus, E. cristatus Vved.) and savannoids in the grass layer (Taeniatherum caput-medusae,
Aegilops cylindrica, Botriochloa ischaemum). In the Sogety Gorge, among the thickets of shrubs (Atraphaxis
pyrifolia, Prunus griffithii var. tianshanica, Ephedra equisetina), A. caesium, A. caeruleum, A. fetisowii,
A. sativum, A. suworowii, and A. karataviense, which is confined to the outcrops of bedrock.

Gallery forests in the Makpal gorges (Kayindy river valley), Karakystak and Merke form Salix cinerea
L., S. alba L., and Acer semenovii, in the shrub layer — Rosa beggeriana, Lonicera microphylla, Euonimus
semenovii Regel & Herder, Rubus caesus, Berberis heteropoda Schrenk ex Fisch. & C.A. Mey. The grass
layer is formed by tall grasses: Catabrosa aquatica, Melica transsilvanica, Phalaris arundinacea L. and var-
iegated forbs (Medicago falcata, Nepeta nuda subsp. nuda, Potentilla inclinata Vill., Elwendia setacea
(Schrenk) Pimenov & Kljuykov, Impatiens parviflora DC.).

According to early field studies, rich forb-grass steppe meadows and meadow steppes are common in
the intermountain valley of the Karabulak (1485-1588 m asl). The dominant species are wheatgrass
(Thinopyrum intermedium subsp. intermedium, Elymus repens) and fescue grass (Festuca valesiaca). Among
the steppe forbs: Salvia deserta, Elwendia setacea, Nepeta nuda subsp. nuda, Medicago falcata. Meadow
forbs are represented by: Achillea millefolium, A. asiatica, Potentilla asiatica (Th. Wolf) Juz., P. inclinata,
Pulsatilla patens subsp. multifida (Pritz.) Zdmelis, Jacobaea vulgaris Gaertn., Jacobaea erucifolia (L.)
G. Gaertn., B. Mey. & Scherb., Dipsacus azureus Schrenk ex Fisch. & C.A. Mey., Origanum vulgare L.,
Hypericum perforatum, Lathyrus tuberosus L., L. pratensis, Rumex confertus Willd., Phlomoides fetisowii
(Regel) Adylov, Kamelin & Makhm., Betonica betoniciflora, Trifolium hybridum L. Meadow communities
are often dominated by grasses (Dactylis glomerata, Elymus repens, Bromus inermis), projective coverage of
onion (4. caesium, A. caeruleum) is up to 10 %. According to field observations from 2024-2025, these spe-
cies were also found in the Kursai, Karasai, Sogety, Uzynbulak and Tastambek gorges, where they grow not
only in meadows, but also in shrub thickets (Prunus griffithii var. tianshanica, Rosa platyacantha,
Atraphaxis pyrifolia, A. virgata, Spiraea hypericifolia) on the slopes of the southern exposure. In the grass
layer, there are: Alcea nudiflora, Rheum cordatum, Epilobium angustifolium L., Galium verum.

Floodplain meadows in the valley of the Shalsu River (1377 m asl) are formed by cereals and forbs
(Elymus repens, Dactylis glomerata, Mentha longifolia, Achillea millefolium, Origanum vulgare). Shrub
thickets are formed by rosehips (Rosa platiacantha, R. beggeriana). Apricot, Djungarian hawthorn, juniper
(Juniperus semiglobosa) are sporadically found on stony cliffs. The meadow vegetation of high river terraces
is diverse and forb-grass (Elytrigia repens, Achillea millefolium, Carex sp., Potentilla inclinata, Nepeta nuda
subsp. nuda, Galium verum, Vickifunkia thomsonii (C.B. Clarke) C. Ren, L. Wang, I.D. lllar. & Q.E. Yang,
Dipsacus azureus), where A. caesium occurs in abundance with “sp”. A. caeruleum grew on a low river
terrace in floodplain meadows (Dactylis glomerata, Nepeta nuda subsp. nuda, Lathyrus pratensis, Mentha
longifolia, Malva pusilla Sm.).

In the valley of the Almaly river, in hydromorphic habitats, the consists of Semenov’s maple (Acer
semenovii) and Sivers’ apple tree (Malus sieversii (Ledeb.) M. Roem.). The vegetation of the floodplain
meadows is forb-grass with a predominance of reed (Phragmites australis (Cav.) Trin. ex Steud.) and an
abundance of Mentha longifolia, Lathyrus pratensis, Vicia cracca L.). On the stony slopes, shrub thickets
(Lonicera microphylla, Spiraea hypericifolia, Ephedra equisetina) are common, in which onion species
(A. barsczewskii, A. caeruleum, A. fetisowii) are found.

Juniper woodland belt is represented by shrub-juniper woodlands (Juniperus pseudosabina,
J. semiglobosa, Rosa platyacantha, Spiraea lasiocarpa Kar. & Kir., Ephedra equisetina, Atraphaxis
pyrifolia, Atragene sibirica L.) on stony slopes in combination with meadows and steppes (Festuca
valesiaca, Helictochloa hookeri, Stipa kirghisorum, Phleum phleoides, Phlomoides pratensis). In the Merke
Gorge, dense shrub thickets are formed by the following species: Rosa platyacantha, R. beggeriana, Spiraea
hypericifolia, S. lasiocarpa, Sorbus tianshanica, Lonicera microphylla, Salix triandra. Grasses (Melica
transsilvanica, Catabrosa aquatica, Bromus inermis, Lolium pratense, Phleum phleoides) and forbs
(Patrinia intermedia, Delphinium oreophyllum, Hypericum perforatum, Medicago falcata, Potentilla
inclinata, Thalictrum minus subsp. saxatile Gaudin, Eremurus tianshanicus, A. caesium, etc.) take part in the
formation of the herbal layer. A. caesium is also found in meadow forbs in the valleys of the Terekty and
Molaly rivers.
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Juniper woodlands in the Kogershin Gorge are confined to steep slopes. In the lower part of the slopes,
dense shrub thickets are formed with the dominance of Rosa spinosissima and the participation of
R. beggeriana, Cotoneaster uniflorus Bunge, Lonicera microphylla, and Spiraea hypericifolia. In the herbal
layer, there are meadow forbs (Campanula glomerata L., Veronica spuria L., Lathyrus pratensis, Origanum
vulgare, Achillea asiatica, Thalictrum minus subsp. saxatile, etc.). Steppe meadows and meadow steppes are
spread along the valleys and gentle slopes. Steppe grasses (Festuca valesiaca, Stipa kirghisorum,
S. capillata, Phleum phleoides) and meadow grasses (Alopecurus arundinaceus, Elymus repens) occupy the
same projective cover. Meadow forbs are up to 20 species, including A. caeruleum and many forage and re-
source-significant species (Trifolium repens, Achillea millefolium, Ziziphora clinopodioides, Rumex
confertus, Artemisia dracunculus, Hypericum perforatum). It should be noted that in this altitudinal belt,
A. leptomorphum, and A. talassicum (Karakystak Gorge) are found on stony slopes. Habitats A. fetisowii,
A. renardii is confined to steppe slopes and shrub thickets in the Molaly and Karakystak gorges.

The belt of subalpine meadows and prostrate juniper thickets is characterized by grass-rich, forb-grass
and steppe meadows with the participation of prostrate (J. pseudosabina) and tree junipers (J. semiglobosa),
and spiny pads (Acantholimon fetissovii, A. purpureum, A. alberti). On dry slopes, steppe communities grow.
Steppe meadows are formed by grasses and forbs. In 2024-2025, A. atrosanguineum, A. hymenorhizum,
A. filifolium, A. polyphyllum, A. schoenoprasoides, A. fedtschenkoanum were recorded in this belt. They are
confined to the upper reaches of the Karakystak River (Auliekol Gorge) and the Kyzylkaynar Pass.

In the alpine belt cryophytic low-grass meadows are widespread, as well as cobresia communities
(Carex alatauensis, C. capillifolia). The tops of the ranges are occupied by open aggregations of cryophilic
petrophytes from genera: Thylacospermum Fenzl, Rhodiola L., Saxifraga Tourn. ex L., Lonicera L., Ephedra
Tourn. ex L., grow on stony slopes, rocks, moraines, screes. The cracks of the rock occupy Potentilla
crantzii, Allardia tomentosa Decne., Saussurea gnaphalodes [1]. In this belt there are: A. atrosanguineum,
A. hymenorhizum (Kaskasu Gorge).

According to the herbarium (AA), A. polyphyllum grows near snowfields.

Conclusion

For the first time, an analysis of the phytocoenotic and altitudinal distribution of habitats for 19 species
of the genus Allium L. was conducted in 14 gorges on the northern macroslope of the Kyrgyz Alatau moun-
tain range.

It was established that the distribution of wild onions in the mountains begins at the savannoid and
meadow steppe sub-belts, continues at the belts of juniper woodlands subalpine meadows and prostrate juni-
per thickets, and ends with the alpine belt of cryophytic meadows and communities of kobresia.

Most of the species are found in the steppe belt, where 10 of the 14 identified species grow:
A. barsczewskii, A. caeruleum, A. caesium, A. caricifolium, A. fetisowii, A. karataviense, A. margaritae,
A. suworowii, A. sativum, A. trachyscordum.

About half of the species (6) prefer the subalpine meadows: A. atrosanguineum, A. hymenorhizum,
A. fedtschenkoanum, A. filifolium, A. polyphyllum, A. schoenoprasoides.

The identified onion species were often found in forb-grass, forb-shrub-grass, petrophytic-forb-shrub,
and petrophytic-arboreal-shrub communities. In the low and middle mountains, 13 species (A. barsczewskii,
A. caeruleum, A. caesium, A. caricifolium, A. fetisowii, A. karataviense, A. leptomorphum, A. margaritae,
A. renardii, A. sativum, A. talassicum, A. trachyscordum, and the rare species A. suworowii) grew
in the altitude range from 1050 to 1972 m asl. Six species (A. atrosanguineum, A. hymenorhizum,
A. fedtschenkoanum, A. filifolium, A. polyphyllum, A. schoenoprasoides) were noted in the subalpine zone at
altitudes of 2431-2667 m asl.

A wide altitudinal range is possessed by A. fetisowii and A. caesium (1100-2000 m asl), occurring from
lowland steppes to juniper woodlands.

The greatest diversity is distinguished in the gorges of Sogety (6 species), Makpal (6), Ulken
Almaly (5). A rare species A. suworowii is found in the Sogety and Makpal gorges in the thickets of shrubs
and floodplain meadows of the low mountains. Subendemics (A. margaritae, A. trachyscordum) grow in the
gorges of Ulken Almaly, Makpal, Kara-Arsha in forb-shrub communities in the subbelt of savannaid steppes.

Based on field research, a map of the localities of 19 identified wild species of the genus Allium L. on
the northern macroslope of the Kyrgyz Alatau range was created.
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H.I'. T'ememxkuena, JI.A. lumeesa, JI.111. AGaunnanos, H.B. ®pusen

KpIprbI3 AJlaTay KOTACBIHBIH COJTYCTiK MakpoodeTkeiiinge Allium L.
TYBIC TYPJIE€PiHiH KATBICYbIMEH KAybIMIACTHIKTAPABIH OHIKTIri MeH
(puToLEHOTHKAIBIK JPTYPJILIIri

Keiprez Anataysr Contycrik Tsaup-lllanueH eH Oatbic xoTackl. TeHi3 aeHreitineH Owmiktiri 3700 M neiin
JKOTaHBIH COJNTYCTiK MakpoOeTkeiiHiH Oateic Oexiri Kasakcran mierinne opHamackaH. by Taymer en batbic
Tsup-1llane ecimuikTepiMen OalmaHBICHI 0ap «KBIPFBI3 Oeimey TypiMeH» epekmeneHeni. ['epOapuii xoHe
SKCIEIUIMSIIBIK yiriiep aubikraran Allium L. TykeiMoac TypiepiHiH HaKTbUIAHFaH Ti3iMiHe 25 TakCOH
Kipemi, onapaplH imrHge A. SUWOrOWii cupek kesjmeceTiH Typi sxoHe 2 cyOsnaemuk (A. margaritae,
A. trachyscordum) Gap. 2024-2025 okbuigap imiHme KeIprbi3  AJlataybl  KOTACHIHBIH — COJTYCTIK
MmakpoOerkeiiniy 14 markansigga ampikramrad Allium L. TykpiMaaceibie 19 Typi ecerin skepiepii
(DUTOICHOTUKANBIK JKOHE OWIKTIK COMKECTITiH Taiaay, oJiap[blH Taylapla Tapajiybl CABAaHHOWITI JKOHE
IIAJFBIHABL Jajanap OenjeyiHeH OacTalaThIHBIH, apIuanbl OelIeyMeH KaJFacaThIHBIH KOPCEeTTi, CHPEK
opMaHIap, cyOambmilik OIaNFBIHAAP MEH JKararaH OyTamap, anmi OenjeyiMeH askraiagsl. EH kenm
(DUTOIICHOTUKANBIK OPTYPIUTIK MUA3 TYPJIEPIHIH HETi3ri OpTYPILIri MOFBIpIaHFaH Tay apaliblK [aTKaIaap
MEH ©3CH ajJKamnTapblHAa Kaueimracanbl. JKOTaHBIH OaTbic TOMEH Tayibl JKOHE OpTa Tayibl OeJiriHieri:
Cereti, Maxnan, Ynkxen Anmanbl, TacramOek, ¥3pIHOWIAK MIaTKAIAaphl, COHAAH-aK IIBIFBICHIHIIA
opHanackaH KapakpIcTak IMIaTKaJbIHIA MH3IbIH S5-TeH O-Fa AeiiH Typi ke3zxeceni. Jlamanblk 3epTreynepaiy
HOTIKeNepi  OOWBIHIIA 3EPTTENICTIH JKOTAHBIH CONTYCTIK MakpoOerkeiiinge aupikraiarad Allium L.
TYKbIMAACHIHBIH 19 jxabalibl TYpiHIH OpHANacy KapTachl )Kacaibl.

Kinm ce30ep: Allium L. TykpIMIachl, GHIKTIK TEKTECTIri, (PUTONECHOTHKAIBIK dpTYpiinik, KpIpFbI3 Anaraysl
JKOTACBI.

H.I'. Tememxuena, JI.A. umeesa, JI.111. A6munnanos, H.B. ®puzen

BricoTHast IPUYPOYEHHOCTH M (PUTOLEHOTHYECKOE Pa3HOOOpa3ue cood1IecTB
¢ yuactueMm Bua0B poaa Allium L. na ceBepHoM MakpocKJ/IoHe
xpedta Kuprusckmuii Anaray

Kuprusckuii Anaray siisercs caMmbIM 3amafgHbiM xpedTom CesepHoro Tsub-1llans. 3anagHas yacth ceBep-
HOTO MakKpOCKIJIOHa XpeOTa ¢ abCOJIFOTHBIMH BbIcOoTaMH 10 3700 M Haj yp. M. pacrosioxeHa B npegenax Ka-
3axcraHa. JJ1s 3TOH TOPHOM CTpaHbl BBIICIACTCS «KMPIU3CKUH THI MOSCHOCTH», B KOTOPOM IIPOSIBIISIETCS
CBS3b C pacTUTENLHOCTHIO 3anaanoro Tsaup-Ilans. ITocne onpeneneHus repOapHbIX U SKCIIEIUIMOHHBIX 00-
pa3loB yTOUHEHHBIH cricok BuaoB poaa Allium L. Bkimrogaer 25 TakCOHOB, B YHCIIE KOTOPBIX PEIKHHA BUJ
A. suworowii u 2 cy6snaemuka (A. margaritae, A. trachyscordum). AHanu3 (pUTOLIEHOTHYECKON M BBICOTHOM
NPUYPOYEHHOCTH MecTooOuTanuii 19 BumoB poxa Allium L., BeisiBiaeHHbIX B Teuenue 2024-2025 rr. B 14
YILIENbSIX CEBEPHOTO MakpockioHa xpebra Kuprusckuii Anaray, nokasai, 4To UX paclpocTpaHeHHe B ropax
HAa4YMHAETCS C MOANOSICOB CABAHHOM/HBIX U JIyTOBBIX CTEIICH, IIPOJIOJDKACTCS MOSICOM apUOBBIX PEIKOJIECHH,
CyOanbIUiCKUX JYrOB U CTJIaHHKOB, 3aBEpLIAsCh albNUHCKUM mnosicoM. HamGosnbliee GHUTOLEHOTHYECKOE
pazHooOpasue HOpMHUPYETCsI B MEXKTOPHBIX YIIEIbSIX U IOJIMHAX PEK, IJIe COCPEIOTOUCHO OCHOBHOE Pa3HO-
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oOpasue BUJIOB JiyKa. BHIOBBIM pa3HOOOpa3HeM JIyKOB XapaKTepHU3yIOTCs YIIENbs 3allaJHON HU3KOTOPHOIT 1
cpenHeropHoit yactu xpe0ta: Corersl, Maknan, YiaskeH Anmainsl, TacramOek, Y3pIHOYIaK, a TakKe paco-
JIO’KEHHOE BOCTOUHee yienbe KapakbicTak, B KOTOPBIX BCTpe4aroTcs OT 5 10 6 BuoB Jiyka. 1o pe3ynbratam
MOJICBBIX HCCIICZIOBAaHMII CO37aHa KapTa MECTOHAXOXXACHHH 19 BBIIBICHHBIX IMKOPACTYIIMX BHIOB POJa
Allium L. Ha ceBepHOM MakpOCKIIOHE H3y4aeMOro xpeoTa.

Knroueesvie cnosa: pox Allium L., BEICOTHas MpUYpOYEHHOCTb, (PUTOLCHOTHYECKOE pa3HOOOpasue, XpedeT
Kupruszckuii Anaray.
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In silico analysis of miR156-mediated post-transcriptional regulation
of SPL genes involved in cell wall formation and cellulose
biosynthesis in Oryza sativa

Plant cell wall formation and cellulose biosynthesis are central processes determining plant growth, mechani-
cal strength, and biomass quality. Rice (Oryza sativa), the second most important crop worldwide after maize,
represents a well-established model system due to its fully sequenced and well-annotated genome. In this
study, an in silico approach was applied to investigate microRNA (miRNA) mediated post-transcriptional
regulation of genes involved in cell wall formation and cellulose biosynthesis in Oryza sativa (O. sativa). Us-
ing publicly available databases, including miRBase, TarDB, and NCBI, we systematically predicted miRNA
— target gene interactions and reconstructed regulatory networks associated with structural, enzymatic, and
signaling components of the plant cell wall. A total of 20 high-confidence miRNA — target gene pairs were
identified, involving transcription factors (SPL, NAC, GRAS, AP2, TCP and HD-ZIP IIl), cell wall-related
enzymes (laccases, redox- and copper-dependent proteins), and hormone-responsive regulators. The miR156
— SPL regulatory module emerged as a central and evolutionarily conserved node controlling secondary cell
wall formation and cellulose microfibril organization. Additional regulatory layers included miR164 — NAC,
miR397 laccase, and miR408/miR528-mediated redox pathways, as well as auxin-related miRNA networks.
The results demonstrate that cellulose biosynthesis and cell wall formation in rice are governed by complex,
multilevel miRNA-mediated regulatory systems. These findings provide a theoretical framework for future
experimental validation and for biotechnological strategies aimed at improving agricultural biomass utiliza-
tion and cellulose-based sustainable materials.

Keywords: Oryza sativa, miRNA, cell wall formation, cellulose biosynthesis, in silico analysis.

Introduction

The plant cell wall is a fundamental structural system that ensures the growth, development, and re-
sistance of agricultural plants to environmental factors [1, 2]. Its main component, cellulose, not only pro-
vides mechanical strength to plant tissues but also plays a decisive role in maintaining cell shape, tissue dif-
ferentiation, and morphogenesis [3, 4]. Therefore, investigating the molecular regulatory mechanisms that
control cellulose biosynthesis and cell wall formation is a highly relevant topic in modern plant biology, ag-
ricultural biotechnology, and sustainable development [5]. In recent years, agricultural biomass has been
widely considered a renewable and environmentally friendly source of raw materials. Plant-derived cellulose
obtained from straw, rice husks, corn stalks, and other plant residues is regarded as a promising resource for
the production of biodegradable and biocompatible materials [6, 7]. The high mechanical strength of cellu-
lose, its processability, and its natural biodegradability make it a key component in the development of bio-
degradable packaging materials, eco-friendly composites, and sustainable polymer-based products [8]. In this
context, a deep understanding of the genetic and post-transcriptional regulatory mechanisms that determine
cellulose formation in plants provides a scientific basis for the efficient utilization of agricultural biomass
and the development of environmentally friendly packaging technologies [9, 10]. The expression of genes
involved in plant cell wall formation and cellulose biosynthesis is controlled by multilevel regulatory sys-
tems, among which post-transcriptional regulation plays a particularly important role [11, 12]. At this level,
miRNAs act as key regulatory molecules. In plants, miRNA biogenesis begins with the transcription of MIR
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genes in the nucleus, resulting in the formation of primary pri-miRNAs; these transcripts are sequentially
processed by the DICER-LIKEL (DCL1) enzyme and its cofactors to generate a mature miRNA duplex. The
mature miRNA subsequently associates with Argonaute (AGO) proteins to form a functional complex that
recognizes complementary mRNA sequences in the nucleus or cytoplasm. By binding to their target
MRNAs, miRNAs promote transcript degradation or inhibit translation. In plants, such interactions are typi-
cally characterized by a high degree of complementarity and often lead to direct mMRNA cleavage mediated
by AGO-containing complexes. Consequently, miRNAs enable precise and efficient regulation of structural
programs such as cell wall formation, cellulose synthesis, and cell wall remodeling (Fig. 1) [13-15].
O. sativa is not only one of the major crops ensuring global food security but also a model organism for plant
genomics and molecular biology [16]. In silico analysis provides an efficient approach for predicting miRNA
target gene interactions and reconstructing regulatory networks using genome-wide sequence information
and curated bioinformatics databases [17, 18]. The complete sequencing of the rice genome, together with
the availability of open bioinformatics resources such as miRBase, TarDB, and NCBI, enables comprehen-
sive in silico analyses of miRNA-target gene interactions [19, 20]. These approaches facilitate the identifica-
tion of key regulatory nodes, the characterization of gene network organization, and the formulation of func-
tional hypotheses prior to experimental validation. The aim of this study is to analyze, using in silico ap-
proaches, the post-transcriptional regulation mediated by miRNAs of genes involved in cellulose biosynthe-
sis and plant cell wall formation in O. sativa, including genes encoding SPL transcription factors. The results
obtained provide deeper insight into the molecular mechanisms governing plant cell wall formation and es-
tablish a scientific foundation for future biotechnological and genetic engineering studies focused on the de-
velopment of biodegradable materials and environmentally friendly packaging products derived from agri-
cultural biomass.
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Figure 1. Schematic overview of miRNA biogenesis, miRNA-SPL interactions,
and their role in the regulation of cellulose biosynthesis and plant cell wall formation in O. sativa.
Created with BioRender.com (License No. BJ298WDSN4)

Experimental

Databases and retrieval of nucleotide sequences. In this study, all analyses were performed exclusively
using in silico approaches based on publicly available bioinformatics databases. miRNA sequences specific
to O. sativa were retrieved from the miRBase database (https://www.mirbase.org), which provides curated
and experimentally validated annotations of plant miRNAs. Nucleotide sequences of candidate genes in-
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volved in plant cell wall formation and cellulose biosynthesis, including transcripts encoding SPL transcrip-
tion factors (LOC_0s08g39890.1 and LOC_0s099g31438.1), were obtained from the NCBI Gene and NCBI
Nucleotide databases (https://www.ncbi.nlm.nih.gov). Functional annotations of these genes were additional-
ly examined to confirm their involvement in cell wall development, secondary cell wall formation, and cellu-
lose-related regulatory processes.

Prediction of miRNA target gene interactions. Prediction of mMiRNA — mRNA interactions was per-
formed using the plant-adapted TarDB database (http://www.biosequencing.cn/TarDB/) [21]. This platform
is specifically optimized for identifying plant miRNA interactions characterized by high sequence comple-
mentarity and predominantly cleavage-based regulatory mechanisms. For each candidate gene, all O. sativa-
specific miRNAs were systematically screened. The following TarDB parameters were used to evaluate in-
teraction confidence: TarHunter score, an indicator of interaction reliability; Total mispair, the total number
of mismatched nucleotides within the miRNA-mRNA duplex; Seed mispair, the number of mismatches
within the seed region; Predicted cleavage, the likelihood of Argonaute-mediated mMRNA cleavage. This
study was conducted entirely using computational methods, and the obtained results are proposed as a theo-
retical framework for future experimental validation.

Results and Discussion

Based on in silico analysis using the TarDB database, a multilevel regulatory network consisting of
20 miRNA target gene pairs was identified in O. sativa, which are directly or indirectly involved in plant cell
wall formation and cellulose biosynthesis (Table 1). The identified network comprises miRNA families tar-
geting transcription factors, structural and enzymatic proteins, as well as key components of phytohormone-
dependent signaling pathways. These interactions indicate the presence of complex molecular mechanisms
regulating cell wall formation and remodeling at the post-transcriptional level. The results demonstrate that
miRNAs regulate the expression of cell wall-related genes not at a single level, but across multiple functional
layers. This regulation is organized into interconnected modules involving transcriptional control, enzymatic
activity, and hormonal signaling pathways, reflecting the integrative nature of cell wall biosynthesis
regulation.

Table 1
Predicted miRNA target gene pairs involved in plant cell wall formation
and cellulose biosynthesis in O. Sativa based on TarDB analysis
Ne mMiRNA Target transcript Gene function References
LOC_0s08g39890.1 ipti
1 miR156 family _ g SPL transcription factor _ [22]
LOC_0s09g31438.1 |(secondary cell wall regulation)
’ miR164 family LOC_0Os06g46270.1 NAC transcrlptlon factor, regulation of cell wall [23]
formation and plant development
LOC_0s02g44360.1 i ipti i
3 | miR171 family _ g GRAS family transcription fac_tor_, regulation of [24]
LOC_0s06g01620.1  |plant growth and cell differentiation
. i LOC_0s06g43220.1 . -
4 | miR172 family AP2-like transcription factor [25,26]
LOC_0s05g03040.1
LOC_0s01¢62490.1 i i i
5 | miR397 family _ g ITaC(_:ase, a ceII_waII associated enzyme involved in [27]
LOC_0s01g63200.1 |lignin metabolism
6 | miR394 family LOC_0s01g69940.1  |F-box protein (auxin signaling) [28]
7 | miR395 family LOC 0s03¢g53230.1  |ATP sulfurylase/sulfate metabolism regulator [29]
8 miR414 LOC 0s11¢g37990.1 |Regulatory protein (stress-responsive, rice-specific) [30]
. . TCP transcription factor
9 | miR319 family LOC_0s03g57190.1 (growth and cell wall regulation) [31, 32]
10 MiRA08-3p LOC_0s01g03530.1 Blue copper protein / oxidative stress and cell wall [33]
metabolism
. . NF-YA (Nuclear Factor Y, subunit A)
11| miR169 family LOC_0s10926470.1 drought/stress and development regulator [34]
ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 93
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Continuation of Table 1

Ne miRNA Target transcript Gene function References
12 MiR530 LOC_0s01g56780.1 Receptor-like regulatory protein _ [35]
(plant development and stress regulation)
13 | miR393family | LOC_Os01g53280.1 |1/RL/AFB auxin receptor pathway [36]
(auxin signaling)
LOC_0s01g53610.1
LOC_0s06g10310
LOC_0s02g53690.1
LOC_0s04951190.1/.2/.3
LOC_0s02g47280.1/.2 GRE o f
. . transcription factors
14 | miR396 family | LOC_0s06902560.1/.2/.3 (growth, leaf development: cell proliferation) [37]
LOC_0s03g51970.1
LOC_0s03g47140.1
LOC_0s12g29980.1/.2
LOC_0s02¢45570.1/.2
LOC_0s04g48510.1
15 | miR167 family LOC_0s04g57610.3 ARF (Auxin Response Factor) auxin-mediated de- [38]
velopment
16 miR399e LOC_Os1103700.1 PH02/UBp24—reIated phosphate homeostasis [39]
(Pi starvation response)
17 | miR166 family | LOC_Os02g45380.1 | {D-ZIP Il transcription factors [40]
(vascular/cell wall patterning)
18 miR162a LOC_0s03g01090.1 |DCL1 (miRNA biogenesis regulator) [41]
NAC transcription factors
19 | miR164 family LOC_0s02936880.2 (|rTvoIved_ in plant devglopme_nt and stress respons- [42]
es; occasionally associated with cell wall-related
regulatory networks)
LOC_0s12936620.1 - - i
20 | miR528-5p family _ g R(_edgx and copper de_pendent enzymes operating [43, 44]
LOC_0s03g03724.2  |within cell wall-associated enzymatic networks

The miRNA families targeting transcription factors were identified as a major regulatory module asso-
ciated with cell wall formation and cellulose biosynthesis. In particular, the miR156 family was predicted to
interact with genes encoding SPL transcription factors, suggesting its involvement in regulating genes re-
sponsible for secondary cell wall formation and the organization of cellulose microfibrils. This miR156 —
SPL module represents a central regulatory node controlling the structural program of the plant cell wall. The
miR164 family targets NAC transcription factors and is associated with processes related to cell wall thick-
ening, lignin biosynthesis, and tissue maturation. Regulation of NAC factors contributes not only to main-
taining the mechanical strength of the cell wall, but also influences the plant’s ability to adapt to external
stress conditions during development [45]. These observations highlight the functional importance of the
miR164 NAC regulatory interaction in ensuring cell wall stability. In addition, the miR171 and miR172 fam-
ilies were found to target GRAS and AP2-like transcription factors, respectively. These transcription factors
indirectly affect cell wall formation through their roles in plant morphogenesis, cellular differentiation, and
developmental programs [46]. Acting as components of higher-order transcriptional cascades, these miRNAs
contribute to the temporal and spatial regulation of cell wall biosynthesis. Enzymatic components directly
involved in determining the chemical composition of the plant cell wall were also found to be regulated by
miRNASs. The targeting of laccase genes by the miR397 family is associated with lignin polymerization and
the formation of the cellulose lignin matrix, representing one of the key enzymatic regulatory mechanisms
governing cell wall rigidity and mechanical strength. Furthermore, miR408-3p and miR528-5p interact with
genes encoding redox-active and copper-containing proteins, thereby regulating oxidation reduction process-
es linked to cell wall metabolism. These miRNAs constitute an additional regulatory layer contributing to the
maintenance of energetic and metabolic balance during cell wall biosynthesis. Indirect regulation mediated
through hormonal signaling pathways was also identified. The miR393, miR167, and miR394 families target
key components of the auxin signaling pathway, coordinating cell expansion, cell wall remodeling, and de-
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velopmental morphological changes in plants. Collectively, these miRNA target interactions underline the
importance of hormonal control in maintaining the dynamic properties of the plant cell wall.

The miR396 family was identified as a notable central regulatory node at the system level. This miRNA
targets multiple genes encoding GRF transcription factors, thereby controlling cellular proliferation and tis-
sue growth. Although the miR396 — GRF axis does not directly participate in cell wall biosynthesis, it rep-
resents an important post-transcriptional regulatory mechanism that determines the cell number and growth
rate required for proper cell wall formation. The conducted in silico analysis demonstrates that genes in-
volved in plant cell wall formation and cellulose biosynthesis are regulated by miRNAs through complex,
multi-step post-transcriptional mechanisms. The identified miRNA target gene network reveals a tight inter-
connection between cell wall structural integrity, developmental programs, and hormonal signaling
pathways, providing a molecular framework for future applications in plant biotechnology and genetic
engineering.

The miR156 family in O. sativa is represented by multiple isoforms, including osa-miR156a,
0sa-miR156b-5p, o0sa-miR156¢c-5p, o0sa-miR156d, o0sa-miR156e, 0sa-miR156f-5p, 0sa-miR156g-5p,
0sa-miR156h-5p, osa-miR156i, osa-miR156j-5p, osa-miR156k, and osa-miR156l-5p, all of which were
predicted to target the LOC_0s08939890.1 transcript encoding an SPL transcription factor (Table 2).
Despite minor sequence variations among these isoforms, their predicted interactions showed a high degree
of complementarity, particularly within the seed region, with mismatches being largely absent. This
conserved seed pairing supports a robust post-transcriptional regulatory mechanism, likely mediated through
MRNA cleavage, as further supported by low mispair scores and consistent cleavage predictions in
TarHunter analysis.

Table 2

Schemes of miR156 family binding sites in the LOC_0s08g39890.1 SPL mRNA involved
in cell wall formation in O. sativa

miRNA; tarHunter score; total mispair; seed mispair
miR156¢-5p; 1; 1; 0. miR156f-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FIETEE Tt
3' CACGAGUGAGAGAAGACAGU 5! 3' CACGAGUGAGAGAAGACAGU 5'
miR156i; 1; 1; 0. miR156g-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FIETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156d; 1; 1; 0. miR1561-5p; 2.5; 3; 0
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt ol 11 Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' AUACGAGUGAGAGAAGACAGC 5'
miR156h-5p; 1; 1; 0. miR156j-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156b-5p; 1; 1; 0. miR156a; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEETEE Tt
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156¢; 1; 1; 0. miR156k; 0; 0; 0
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEEEEE ettt FEEEEEEEr et
3' CACGAGUGAGAGAAGACAGU 5' 3' ACACGAGAGAGAGAAGACAGU 5'
Note. mMRNA sequences are shown in green, miRNAs in blue; vertical bars indicate
canonical base pairing, and “0” denotes a G: U wobble interaction.

The target site 5-GUGCUCUCUCUCUUCUGUCA-3" in the LOC Os08g39890.1 transcript was
predicted to be recognized by 10 high-confidence members of the miR156 family, including osa-miR156a,
0sa-miR156b-5p, o0sa-miR156¢c-5p, o0sa-miR156d, o0sa-miR156e, 0sa-miR156f-5p, 0sa-miR156g-5p,
0sa-miR156h-5p, osa-miR156i, and osa-miR156j-5p, all of which exhibited strong complementarity with
zero seed mismatches and predicted cleavage activity. In addition, overlapping shifted binding sites differing
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by a single nucleotide were identified for specific isoforms (e.g., 0sa-miR156l-5p), whereas osa-miR156k
showed no confident interaction (TarHunter score = 0) (Fig. 2).

miR156c¢-5p; miR156f-5p; miR156i;
miR156g-5p; MiR156d; miR156h-5p;
miR156j-5p; miR156b-5p; miR1564a;
miR156e

>L0C_0s08g39890.1
TTCCGTCTCTTTCCTCTCTCTTCTCTCTCCCCCTCTCCTGGAGGAGAGAGAGGAGAAGAGGAGGGGGGGCCGCGCCAAGAGCCACGCGCGCTACAGTCTCCTTCCCACCCGCGACCGCGAGCAATGGAGATG
GCCAGTGGAGGAGGCGCCGCCGCCGCCGCCGGCGGCGGAGTAGGCGGCAGCGGCGGCGGTGGTGGTGGAGGGGACGAGCACCGCCAGCTGCACGGTCTCAAGTTCGGCAAGAAGATCTACTTCGAGGACGCC
GCCGCGGCAGCAGGCGGCGGCGGCACTGGCAGTGGCAGTGGCAGCGCGAGCGCCGCGCCGCCGTCCTCGTCTTCCAAGGCGGCGGGTGGTGGACGCGGCGGAGGGGGCAAGAACAAGGGGAAGGGCGTGGCC
GCGGCGGCGCCACCGLCGCCGLCGCCGCCGCCGCGGTGCCAGGTGGAGGGGTGCGGCGCGGATCTGAGCGGGATCAAGAACTACTACTGCCGCCACAAGGTGTGCTTCATGCATTCCAAGGCTCCCCGCGTC
GTCGTCGCCGGCCTCGAGCAGCGCTTCTGCCAGCAGTGCAGCAGGTTCCACCTGCTGCCTGAATTTGACCAAGGAAAACGCAGCTGCCGCAGACGCCTTGCAGGTCATAATGAGCGCCGGAGGAGGCCGCAA
ACCCCTTTGGCATCACGCTACGGTCGACTAGCTGCATCTGTTGGTGAGCATCGCAGGTTCAGAAGCTTTACGTTGGATTTCTCCTACCCAAGGGTTCCAAGCAGCGTAAGGAATGCATGGCCAGCAATTCAA
CCAGGCGATCGGATCTCCGGTGGTATCCAGTGGCACAGGAACGTAGCTCCTCATGGTCACTCTAGTngﬁIGﬁUHLAIAIGGIQLgﬁACACATACAGCGGCCAAGGTAGCTCTTCTTCAGGGCCACCGGTG
TTCGCTGGCCCAAATCTCCCTCCAGGTGGATGTCTCGCAGGGGTCGGTGCCGCCACCGACTCGAGGIIGTGCTCTCTCTCTTCTGTCAACCCAGCCATGGGATACTACTACCCACAGTGCCGCTGCCAGCCAC
AACCAGGCTGCAGCCATGTCCACTACCACCAGCTTTGATGGCAATCCTGTGGCACCCTCCGCCATGGCGGGXAGCTACATGGCACCAAGCCCCTGGACAGGTTCTCGGGGCCATGAGGGTGGTGGTCGGAGC
GTGGCGCACCAGCTACCACATGAAGTCTCACTTGATGAGGTGCACCCTGGTCCTAGCCATCATGCCCAGHTCTCCGGTGAGCTTGAGCTTGCTCTGCAGGGGAACGGTCCAGCCCCAGCACCACGCATCGAT
CCTGGGTCCGGCAGCACCTTCGACCAAACCAGCAACACGATGGATTGGTCTCTGTAGAGGCTGTTCCAGCTGCCATCGATCTGTCGTCCCGCAAGGCGAGTCATGGAACTGAAGAACCTCATGCTGCCTGCC
CTTATTTTGTGTTCAAATTTTCCTTTCCAGTATGGAAAGGAAATTCTAAGGTGACTGGCGATTAAXCTCCCTGTGATGAATAATAATGCGCGCCCTTGAACTCAATTAATTGCTGTGCCGCATCCATCTATG
TAACTCTCCATGAATTTTTAAGTATCAGTGTTAATGCTGTATTGTCGAGGACTTCTGCTCGATATGTTATTTCTCTTATGTTGTTCATCATGAATCTTTTTCTGCTTATTATTCTGGTGCCGGGTTGTCCTT

miR1561-5p

Figure 2. Localization of a shared miR156 family binding region within the LOC_0s08¢g39890.1 transcript.
The core target sequence 5'-GUGCUCUCUCUCUUCUGUCA-3' is highlighted in red.
This site is recognized by multiple miR156 isoforms, while osa-miR156l-5p binds
to a slightly shifted overlapping site

In addition to LOC_0s08¢g39890.1, LOC_0s09g31438.1 was also identified as a conserved target of
the miR156 family based on TarDB predictions. Multiple miR156 isoforms, including osa-miR156d,
0sa-miR156f-5p, o0sa-miR156i, o0sa-miR1561-5p, o0sa-miR156h-5p, o0sa-miR156e, 0sa-miR156j-5p,
0sa-miR156a, osa-miR156¢-5p, osa-miR156b-5p, osa-miR156g-5p and osa-miR156k were predicted to bind
to a shared target region within the LOC_0s09g31438.1 transcript (Table 3).

Table 3

Schemes of miR156 family binding sites in the LOC_0s09g31438.1 SPL mRNA
involved in cell wall formation in O. sativa

mMiRNA; tarHunter score; total mispair; seed mispair

96

miR156d; 1; 1; 0. miR156f-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE TEErr el FETEEE TErrrrrrrrrnd
3" CACGAGUGAGAGAAGACAGU 5" 3'" CACGAGUGAGAGAAGACAGU 5"
miR156i; 1; 1; 0. miR1561-5p; 2,5; 3; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3"
FEETEE TEErr el ol Tl PR rrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' AUACGAGUGAGAGAAGACAGC 5'
miR156h-5p; 1; 1; 0. miR156e; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156j-5p; 1; 1; 0. miR156a; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156¢-5p; 1; 1; 0. miR156b-5p; 1; 1; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' GUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el CETEEE Trrrrrrrrrrnd
3' CACGAGUGAGAGAAGACAGU 5' 3' CACGAGUGAGAGAAGACAGU 5'
miR156g-5p; 1; 1; 0. miR156k; 0; 0; 0.
5' GUGCUCUCUCUCUUCUGUCA 3' 5' UGUGCUCUCUCUCUUCUGUCA 3'
FEETEE T EErr el FETTEETTEEr e
3' CACGAGUGAGAGAAGACAGU 5" 3' ACACGAGAGAGAGAAGACAGU 5'

Note. mMRNA sequences are shown in green, miRNAs in blue; vertical bars indicate ca-
nonical base pairing, and “0” denotes a G: U wobble interaction.
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A conserved target region 5-GUGCUCUCUCUCUUCUGUCA-3" was identified within the
LOC _0s09¢g31438.1 transcript and was predicted to be recognized by 10 high-confidence members of the
miR156 family (Fig. 3). Specifically, osa-miR156a, osa-miR156b-5p, osa-miR156¢-5p, osa-miR156d, osa-
miR156e, osa-miR156f-5p, 0sa-miR156g-5p, osa-miR156h-5p, osa-miR156i, and osa-miR156j-5p exhibited
strong complementarity to this target sequence. All of these interactions were characterized by zero seed
mismatches and a consistent prediction of cleavage-based regulation, indicating high confidence miRNA—
MRNA pairing. In addition, osa-miR1561-5p was predicted to bind to an overlapping target site shifted by a
single nucleotide relative to the core region. This interaction showed the presence of a G: U wobble pair and
a higher overall mismatch score (TarHunter score = 2.5), suggesting reduced binding stringency compared to
the core miR156 isoforms. In contrast, osa-miR156k did not display a confident interaction with this region
(TarHunter score = 0). These results demonstrate that LOC _0s09g31438.1 is subject to robust, family-level
post-transcriptional regulation by miR156, mediated primarily through a conserved core binding site and
complemented by isoform-specific shifted interactions.

miR156d; miR156f-5p; miR156i; miR156h-5p;
miR156e; miR156j-5p; miR156a; miR156c-5p;
miR156b-5p; miR156g-5p

>L0C_0s09g31438.1

ATGGCGACCGGCGGCAGCGGCGGCG!
TCGTCGTCGACGTCGTCGGGCGGAG
TACTACTGCCGCCACAAGGTGTGCT.
GAATTTGATCAAGAAAAAAAAAGCT
AGGTCCAGAAGCTTTGTGGTAGA
CCTCACCGCAGCGCA

GGCGGAGGTGGAGGTGGTGGTGACGATGTCCACGGGCTCAAGTTCGGCAAGAAGATCTACTTCGAGCAGGACGCGGCGGCGTCGGCGTCGGCGGCGGCGGTGGAG
GGCAAGAAGGGGAAGGGCGTGGCGGCGGCGGCGGCGCCCCCGCCGCCGCTGCCGCCGAGGTGCCAGGTGGAGGGTTGCGGCGTGGATCTGAGCGGCGTCAAGCCG
ATGCACGCCAAGGAGCCCATCGTCGTCGTCGCCGGCCTCGAGCAGCGCTTCTGCCAACAGTGCAGCAGGTGCTCTGTCCACATGGTTAGGTTCCACCAATTACCT
CGCAGACGCCTTGCAGGTCACAATGAACGCCGGAGGAAGCCGACACCTGGACCTCTTTCTTCTCGCTATGGCCGGCTTGCTGCATCCTTTCATGAAGAGCCAGGC
TCATACCCAAGGGTTCCAAGCAGTGTGAGGGATGCGTGGCCTGCTATTCAGCCCAGCGATCGCATGTCCGGTTCAATCCAGTGGCAAGGGGGCCATGAACTCCAT
ATGCGTTCAGCAGCCATGGTGGCTCAGCGGCTGGGGCACCAATGCTCCACCACCCAGCCTTTGAGCTCACCTCAGGTGGATGTCTCGCGGGAGTC
GCCACCGACTCCAGQIGTGCTCTCTCTCTTCTGTCARCTCAGCCATGGGATACTACCCAAAGCACCAGCAGCCACAACCGGTCCCCGCCAATGTCGTCAACGGCCAGCGCCTTCGGAGGCGGCAACAACCCG
GTGTCGCCCTCGGTCA A GCGAGCCCCGGCTGGAACAGCTCCAGCCGGGGCCATGACGGCGCCAGGAACGTGCACCTGCCGCCACCGCACGGGGTTGTGCTGAACGAGGTCCCT
CCGGGCTCTGTCCACCACGGCCATTTETCCGGCGAGCTCGAGCTCGCACTGCAGGGAGGTGCCCCGTCCAACCGGCCGGAAGCCGAGCATGGCTCCGGCAGCGGCGCCTTCAGCCACTCCACCAATGCCATG
AACTGGTCTCTGTAGAGACCATTGATEATCTTCTTCCCCACCGTCACTGCGCCTTCATGCCAAGAGACATGGAACATTGGGCAGCCTAGTTTTGTGCTCCTTAACATTGCCATTTAGGTTTTCAGGATGGAG
AGGGAATTCGTAACTGATTAGGCCAGIAATTTCCTCTCGTTGAGCCTGATGTGTCCATGAATTCAAAACACCCGAAGAGATCCACTACCTGTAGAACTCCATAAACTGGGAGAATTGATGTGTTTTACTTGA

CCTATTTTAATCTCGGATTCATCTT .
miR156l-5p

Figure 3. The miR156 family binding site in the LOC_0s09931438.1 mRNA.

The core target sequence 5'-GUGCUCUCUCUCUUCUGUCA-3' is highlighted in red
and is recognized by multiple miR156 isoforms, including miR156d, miR156f-5p, miR156i,
miR156h-5p, miR156e, miR156j-5p, miR156a, miR156¢-5p, miR156b-5p, and miR156g-5p.

The position of the shifted overlapping binding site for miR1561-5p is also indicated

Comparative in silico analysis revealed that multiple members of the miR156 family in Zea mays
(Z. mays) are predicted to target SPL-like transcripts through a conserved binding site identical to that
identified in O. sativa. In particular, zma-miR156a-5p showed consistent and high-confidence interactions
with several maize SPL-related transcripts, including GRMZM2G126018 T02, GRMZM2G460544 TO01,
GRMZM2G307588_T01, GRMZM2G160917_T03, and GRMZM2G371033_T01, all of which exhibited
low TarHunter scores (<1), zero seed mismatches, and predicted cleavage activity (Table 4). The majority of
these interactions were characterized by near-perfect complementarity to the conserved target motif
5'-GUGCUCUCUCUCUUCUGUCA-3', indicating strong evolutionary conservation of the miR156 — SPL
regulatory module across monocot species. Additional zma-miR156a-5p target transcripts displayed slightly
higher TarHunter scores and limited mismatches, suggesting weaker but still plausible regulatory
interactions.

In contrast, other miR156 isoforms, such as zma-miR156j-5p and zma-miR156k-5p, showed reduced
interaction confidence or absence of predicted cleavage for several candidate transcripts, indicating
functional divergence within the miR156 family in maize. Overall, these results demonstrate that zma-
miR156a-5p represents the dominant and most conserved regulatory miRNA targeting SPL-like genes in
Z. mays, paralleling the regulatory patterns observed in O. sativa.
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Table 4

Predicted miR156 family binding sites in SPL-like transcripts involved in cell wall formation in Z. mays

Species | MIiRNA Target Pairing Tar Total o
transcript Hunter mispair mispair
Score
Z mays | miR156a-5p|GRMZM2G 5' GUGCUCUCUCUCUUCUGUCA 3 1 0

FEEErE T rrrr el

126018_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4605 T; l’TLllTf:,L|11|;1L|J1|;1L|J¢|;1L|J:|;1L|JL|11|;‘,L|JTUCA 3" 1 0

44_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G3075 II l;lé‘tli;l'eiIliTIllTIliTlliTllitllTlli;l'eﬁlﬁf\x 3! 1 0

88_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1609 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE T rrrr el

17_T03 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G3710 || CUGGUEUCUCICTICUGCS 3" 1 0

33_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4651 |5' GUGGUCGCUCUCCUCUGUCA 3 35 0
[EE Ttoltrir T

65_T01 3' CACGAGUGAGAGAAGACAGU 5'

AC233751.1 FG |0’ CUCCOCUCOCUCU0cuciin 37 1 0

T002 FEEEEE T rrrr el
3' CACGAGUGAGAGAAGACAGU 5'

GRMZM5G8068 || CUGGUEUCUCUCTCUGCS 3" 1 0

33_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1015 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE T rrrr el

11.T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0529 ] ; l\lle\lLlwlLlwlLlwlLlwlLlTLlTllelUl 3! 1 0

21_TO1 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0654 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEr T rrrrrrd

51_TO01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G4148 |5' GUGCUCUCUCUCUUCUGUCA 3 1 0
FEEEEE Trrrrrrr el

05_T07 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0224 |5 GUGCUCACCCUCUAUCUGUCA 3 4 1

89 TO1 FEEEEErr rrrr trrrrrd

_ 3' CACGAGUGAGAGA-AGACAGU 5'

GRMZM2G0224 |5' GUGCUCACUUCUCUCUCUGUCA 3 3 1
FETEEErr rrrrr il

89_T01 3' CACGAGUG-AGAGA-AGACAGU 5'

GRMZM2G5515 T; |TTTTTTTTTTTTTTTTTU“ 3" 0 0

65_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G0676 T; |IT|T\|T|T\|T|T\|T|T\|T|T\|T|W|T\|T|TU\“ 3" 2 0

24_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1137 T; lTL'J(;TLljfLl,wTLl,wTLl,wTLlJLlJTLlJC;UCA 3 2 0

79_T01 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1067 T; ||T|T|J|T\|T|T\|T|T\|T|T\|T|W|T\|T|T|U\“ 3" 1 0

98_T02 3' CACGAGUGAGAGAAGACAGU 5'

GRMZM2G1464 T‘ ||H|T|T\||T|W|R|T|T\|T|W|T\|UU\“ 3! 4 0

(0]}
46_T02 3' CACGAGUGAGAGAAGACAGU 5'

Note. mRNA sequences are shown in green, miRNAs in blue; vertical bars indicate canonical base pairing, and “o” denotes a
G: U wobble interaction.

These data demonstrate that the miR156 — SPL regulatory module represents an evolutionarily con-
served, universal, and functionally significant molecular regulatory mechanism that governs gene networks
involved in plant cell wall formation and cellulose biosynthesis. The identification of a conserved miR156
binding region shared by multiple SPL transcripts, together with the presence of numerous high-confidence
miR156 isoforms targeting the same sites, indicates a robust and tightly controlled post-transcriptional regu-
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latory system. The predominance of perfect or near-perfect complementarity within the seed region and the
consistent prediction of cleavage-based regulation further support the functional relevance of these interac-
tions. Importantly, the conservation of the miR156-SPL interaction across monocot species, including
O. sativa and Z. mays, suggests that this regulatory module has been maintained during evolution due to its
critical role in controlling structural and developmental programs of the plant cell wall. Such conservation
implies selective pressure to preserve precise regulation of SPL transcription factors, which are known to
orchestrate secondary cell wall formation, cellulose microfibril organization, and tissue maturation. These
findings indicate that the miR156 — SPL axis functions as a central regulatory hub integrating developmen-
tal cues with structural gene expression, thereby ensuring coordinated control of cellulose biosynthesis and
cell wall architecture.

Rice (O. sativa) is a crop of strategic importance in global agriculture and is considered one of the main
food plants, ranking second after maize in terms of production volume [47]. In addition, the O. sativa ge-
nome has been fully sequenced, is well functionally annotated, and is widely used as a model species in mo-
lecular and genetic studies [16, 48]. These characteristics make rice a suitable model system for investigating
the molecular regulation of cell wall formation and cellulose biosynthesis [49, 50]. Recent studies have
shown that plant cell wall formation and cellulose synthesis are regulated through multilevel and dynamic
regulatory networks [51]. These networks integrate transcription factors, enzymatic complexes, and
phytohormone-dependent signaling pathways. Regulation at the post-transcriptional level, including the con-
trol of gene expression by miRNAS, has attracted increasing attention in recent years [13, 14, 52].

The in silico analysis conducted in this study demonstrated that miRNA-mediated regulation of genes
involved in cell wall formation and cellulose biosynthesis in O. sativa represents a complex and integrated
system. The results indicate that miRNA families targeting transcription factors act as dominant regulatory
modules in this process. In particular, the miR156 — SPL regulatory module occupies a central position in
controlling gene programs associated with secondary cell wall formation and the organization of cellulose
microfibrils. Recent studies have shown that SPL transcription factors play a decisive role in regulating cell
wall thickening and structural integrity [53, 54]. In addition, NAC transcription factors regulated by miR164
link cell wall formation and lignin accumulation with plant developmental stages and stress conditions. Re-
cently, Xiong et al. (2025) demonstrated that NAC factors are key regulators of cell wall remodeling and
stress tolerance [23]. This is fully consistent with our results and confirms the structural and physiological
importance of the miR164 — NAC axis. At the enzymatic level, laccase genes regulated by miR397 play an
important role in the formation of the cellulose lignin matrix. Laccases catalyze lignin polymerization, there-
by enhancing the mechanical strength of the cell wall. Studies by Janusz et al. (2020) [55] and Chen et al.
(2023) [44] have shown that copper-dependent redox enzymes coordinate cell wall formation through oxida-
tion—reduction reactions in the apoplast. In this context, the redox/copper-dependent enzymes regulated by
miR408-3p and miR528-5p identified in our study can be considered key components of enzyme networks
associated with the cell wall. MiRNA networks associated with hormonal signaling also deserve special at-
tention. Regulation of key components of the auxin signaling pathway by miR393, miR167, and miR394 is
directly linked to cell elongation, cell wall remodeling, and morphogenetic processes. Recently, Prigge et al.
(2020) [56] and Jing & Strader (2023) [57] highlighted the role of auxin signaling in regulating cell wall
plasticity and emphasized the integrative function of miRNAs in this process. At the systemic level, the
miR396 — GRF regulatory axis indirectly influences proper cell wall formation by determining cell prolifer-
ation and the rate of tissue growth. Recent genomic studies have shown that GRF factors contribute to struc-
tural development by regulating cell number and tissue architecture. [58, 59] In conclusion, this in silico
study demonstrates that cell wall formation and cellulose biosynthesis in O. sativa are controlled by evolu-
tionarily conserved, multilevel, and functionally significant miRNA-mediated regulatory networks. The ob-
tained data provide a solid theoretical foundation for molecular-level control of cellulose properties derived
from agricultural biomass and for the future development of applied biotechnological and genetic engineer-
ing based solutions.

Conclusion

This study provides a comprehensive in silico characterization of miRNA-mediated regulatory networks
controlling cell wall formation and cellulose biosynthesis in O. sativa. The results demonstrate that these
processes are regulated through interconnected and evolutionarily conserved miRNA — target gene modules
that integrate transcriptional control, enzymatic activity, and hormone-dependent signaling pathways into a
unified regulatory system. In particular, the miR156 — SPL axis represents a core regulatory module
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governing secondary cell wall development and cellulose microfibril organization, highlighting its central
role in determining structural properties of plant biomass. In parallel, miR164 — NAC and miR397 laccase
interactions link cell wall reinforcement with developmental regulation and stress-responsive programs,
underscoring the multifunctional nature of cell wall-associated regulatory networks. Furthermore, the
involvement of redox- and copper-dependent enzymes regulated by miR408-3p and miR528-5p emphasizes
the importance of apoplastic redox balance in coordinating enzymatic processes during cell wall assembly
and remodeling. Together, these findings indicate that plant cell wall biosynthesis is governed by a
multilayered post-transcriptional regulatory framework, rather than by isolated genetic pathways acting
independently. The regulatory map generated in this study provides a solid theoretical foundation for future
experimental validation and functional studies. Importantly, it also offers valuable perspectives for plant
biotechnology, genetic engineering, and the rational improvement of cellulose-rich agricultural biomass
aimed at the development of sustainable, biodegradable, and bio-based materials.
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A.M. benkoxaes, b./[. Kocanbaes, H. Fuzarymmmna, I'. Teneyraii

In silico agicTepimen Oryza sativa ecimairinae skacyma KadbIpFacbIHbIH
TY3iJ1yi MeH 1eJJ110J103a OuocuHTe3iHe KaTbhicaThbiH SPL renepinin
MiR156 apKbLIBI MOCTTPAHCKPUNIHSIIBIK PETTEIYiH Tajlaay

OciMaik jxacymia KaOBIpFachIHBIH TY3UTyl MEH LEJUII0NI03a OMOCHHTE31 OCIMIIKTIH ©CYiH, MEXaHHUKAIBIK
OepiKTIriH skoHe OMOMACCAHBIH CallachlH aHBIKTANTBHIH Herisri yaepicrep. Kypim (Oryza sativa) xyrepinen
KEeHiHT1 oJieMzeri eKiHII MaHBI3/bl JaKbUT TOJIBIK CEKBEHHPJICHICH JKOHE JKAaKChl aHHOTALMSIAHFAH TCHOMBI
Gap yurinmik xyiie periHae KeHiHeH KonmaHputaasl. byn 3eprreyne Oryza sativa (O. sativa) ecimuairinae xa-
cyia KaObIpFachIHBIH TY31Iyl MEH ILEJUI0i0o3a OnocuHTe3iHe KarbicaThiH reHaepain MukpoPHK (MiRNA)
apKBUIBI MMOCTTPAHCKPUIIMSUIBIK PETTENyiH 3eprrey yiuin in Silico omici xommausuiael. MiRBase, TarDB
skoHe NCBI CcHSIKTHI allbIK IepeKKopap/sl maiganana oteipbi, MIRNA TapreT ren e3apa opekerrecylepi
JKydenm Typae OOJDKaHBIN, ©cCiMAIK JKacymia KaOBIPFACHIHBIH KYPBUIBIMABIK, (DEpPMEHTATHBTIK JKOHE
CUTHAJIBIK KOMIIOHEHTTEpIMEH OaillaHBICTBI peTTeyln JKemijiep KaiWTa Kypsuigel. Hormkecinae
TparckpunuusibiK Gakropiaapasl (SPL, NAC, GRAS, AP2, TCP sxoune HD-ZIP I11), skacymia KaGblprachiHa
KaTbICThl (hepMeHTTepai (J1akKasajgap, PelOKC- JKOHE MBICKA TOYeJIl aKybl3gap) *KOHE TOPMOHFa jKayarl
Oepertin perrerimrepai KaMTUTHIH, sxoFapbl ceHiMai 20 MiIRNA Taprer reH jxy0bl aHbIKTaasl. MiR156 SPL
peTTeyIni MOAYJIi eKiHIII PeTTiK XKacyma KaOBIPFachIHBIH TY31Tyi MEH LEJUTI0JI03a MUKPOGHOpHILIaTapbIHEIH
YHBIMIACYBIH OaKbUIAHTBIH OPTAIBIK Spi SBOJIOLMSUIBIK TYPFBIIA KOHCEpBAIWsUIaHFAaH TYWIH peTiHOe
aiikeiHganbl. Koceimina perreymi aenreiiiepre miR164 NAC, miR397 nakkasza, miR408/miR528 apkeuis
JKYPETIH PEIOKC JKONIaPhl, COHAai-aK aykcuHre Oaitmansictel MIRNA sxerminepi Kip/ai. ANbIHFAaH HOTHXKEIEP
KypimrTe meumono3a OHOCHHTE3I MeH »acyla KaOBIPFachIHBIH Ty3inyi Kypaemi, kemmeHreinmi MIiRNA-
TOYeNIl peTTeyIi KyieaepMeH 0acKapblIaTEIHBIH KopceTeai. by TyKeIpeiMaap Oonamakra S5KCIIEpUMEHTTIK
BaJIMJALMsI JKYPri3yre J»oHE aybul IIapyambUIBIK OWoMaccachlH THIMAI NailallaHy MeH IIeJUIoJo3a
HETi3IHJeri OPHBIKTBI MaTepHaNAapAbl JKeTUIIipyre OaFbITTalFaH OWOTEXHOJOTHSUIBIK CTPAaTeTHsIapbl
a3ipJieyre TEOPHSUIBIK HETi3 KaJlakbl.

Kinm ce30ep: Oryza sativa, miRNA, skacyma KaObIpFachIHBIH Ty3ilyi, LEJUTIOJI03a OHOCHHTESI,
in silico Tannay.

A.M. benkoxaes, b.J[. Kocan6aes, H. Fuzarymnuna, I'. Toneyraii

In silico anau3 MOCTTPaHCKPUIIIUOHHOI peryasiuu reHos SPL,
Y4acTBYIOIIUX B (POPMHPOBAHUH KJIETOYHOH CTEHKH M OMOCHHTeE3e 1eJLTI0JI03bI,
onocpenoBanHoii miR156, y Oryza sativa

dopMHpoBaHHE KIETOUHOI CTCHKH pacTeHHI U OMOCHHTE3 LEIUTIONO3bI SBIISIOTCS KITIOYEBBIMU MPOLIECCAMH,
OIPEIETISAIONIMMU POCT PACTCHHUH, HX MEXaHHYECKYIO POYHOCTh M KauecTBO Gromacchl. Puc (Oryza sativa),
BTOpasi 110 3HAYNMOCTH CEIbCKOXO3SHCTBEHHAS KyJIbTypa B MHUpE ITOCIE KYKypYy3bl, ITHPOKO MCHONB3yeTCs
KaK MOJIeTIbHAsI CHCTeMa 0J1aroapsi IMOJHOCTHIO CEKBEHHPOBAHHOMY M XOPOIIIO aHHOTHPOBAaHHOMY FeHOMY. B
JTAHHOM HCCJIEI0BaHUU NpUMEHEH in Silico MeTon i M3ydeHus: HOCTTPaHCKPHITIIMOHHO PeryJIsiiy TeHOB,
y4acTBYIOIIMX B (JOPMHPOBAaHHWH KIECTOYHON CTEHKH M OHocuHTe3e nemtonossl y Oryza sativa (O. sativa),
onocpenoanHoil MUKpoPHK (MIRNA). C ucnosb3oBanreM OTKpBITHIX 0a3 maHHbix MiRBase, TarDB wu
NCBI 6butn cucTeMaTHYeCKH Npe/cKa3anbl B3auMozaeiicTBust MIRNA ¢ TapreTHbIMH TeHaMH W PEKOHCTPYH-
POBaHBI PEryJSATOPHBIC CETH, CBSI3aHHBIE CO CTPYKTYPHBIMH, ()EPMEHTATUBHBIMH U CHTHAJILHBIMH KOMITOHEH-
TaMH KJIETOYHOIl CTeHKM pacTeHuil. B pesynprare uaeHtu¢unupoano 20 BBICOKOJOCTOBEPHBIX Map
MiRNA-TapreTHbIX T€HOB, BKIOUaromumx Tpanckpumiuonnsie dakropsl (SPL, NAC, GRAS, AP2, TCP u
HD-ZIP Ill), ¢pepmeHTHI, CBSI3aHHBIE C KIETOYHON CTEHKOH (JIAKKA3bl, PEJOKC- U ME/Ib-3aBHCUMBIE OCTIKH), a
TaKKe TOPMOH-IYBCTBHUTEIbHBIE PETYISATOPBI. Perynstopusii Moaysis MiR156-SPL Obut BBISIBIICH Kak [EH-
TpaNbHBIA U SBOJIONMOHHO KOHCEPBATHBHBII Y3€Jl, KOHTPOJIHMPYIOMHI (pOpMHPOBAHIE BTOPUIHOH KIETOU-
HOM CTEHKHM M OpraHM3alii0 MUKPOGHOPMILI LEe/UII0I03bl. JIONOIHUTEIbHbIE YPOBHU PEryJIALMI BKIIOYAIH
B3aumozeiicteus MiR164-NAC, miR397-nakkasa, pefokc-myTH, onocpeaoannbie MiR408/miR528, a taxxke
MiRNA-ceTH, CBsA3aHHBIE C ayKCHHOBBIM CHTHAIMHIOM. [lONydeHHBIC Pe3ysibTaThl JEMOHCTPHPYIOT, UTO
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OMOCHHTE3 LIEIUTI0N03bI U ()OPMUPOBAHHME KIJIETOUHOH CTEHKH Y pHCa KOHTPOJIHUPYIOTCS CIIOXHBIMH MHOTO-
ypoBHeBbIME MIRNA-0m0OCpe10BAHHBIMU PETYJISTOPHBIME CHCTEMAaMH. JTH BBIBOJBI CO3/IAIOT TEOpETHYE-
CKYIO OCHOBY JUISl ITOCJICYIOLICH SKCIIEPUMEHTAIBHON BaIUIAlMU U Pa3paboTKH OMOTEXHOIOTHYECKHX CTpa-
TETHH, HAIPaBIEHHBIX Ha 3(Q(EKTHBHOE HCIIOIb30BAHUE CEIbCKOXO03SIHCTBEHHOI OMOMAacChHl M COBEPIICHCT-
BOBaHHE YCTOHYMBBIX MaTepHaIoOB Ha OCHOBE I[EIUTIOJIO3EL.

Knroueevie crosa: Oryza sativa, miRNA, ¢opmupoBanne KICTOYHOW CTECHKH, OMOCHHTE3 ILEIUTIONIO3BI,
in silico anasnus.
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Endemic species Allium kujukense Vved. in Kazakhstan:
distribution, history, and prospects for study

The article presents the results of a comprehensive analysis of the distribution of Allium kujukense Vved., a
rare paleoendemic species of the mountains of southern Kazakhstan, based on the study of herbarium materi-
als and modern electronic databases. A total of 49 documented records were analyzed, including 43 herbari-
um specimens from collections in Kazakhstan (AA) and Russia (MW, LE), as well as the collections of the
Institute of Plant Biology and Biotechnology (IPBB), and 6 occurrence records obtained from the electronic
resources Plantarium and GBIF/iNaturalist. Comparison of data from different periods made it possible to
clarify the spatial structure of the species’ range and to confirm its confinement to the Syrdarya Karatau
mountain system (including the Boraldaytau Range) and several adjacent small mountain massifs of the
Western Tien Shan, forming a mosaic and geographically restricted distribution area. The presented materials
substantiate the importance of conducting targeted studies on the distribution and assessment of the feasibility
of measures to protect this species.

Keywords: Allium kujukense, Kazakhstan, Syrdarya Karatau, herbarium data, electronic databases, distribu-
tion.

Introduction

The genus Allium, belonging to the family Amaryllidaceae J. St. -Hil. (formerly Alliaceae J. Agardh), is
characterized by extreme variability and represents one of the most taxonomically complex groups, currently
comprising more than 900 accepted species and over 1,100 synonymous names at the species and
infraspecific levels [1, 2]. These taxa are distributed among 15 subgenera, approximately 85 sections, and
more than 30 groups below the sectional level [3-6]. For systematic purposes, a wide range of morphological
characters has traditionally been employed [6-9], supplemented by data from anatomical studies [10],
karyology [11-16], chemical and phenological investigations [17, 18], as well as molecular markers [19-25],
which has significantly expanded the methodological basis for taxonomic decision-making.

One of the representatives of this genus that is of particular interest is the endemic species
Allium kujukense Vved. Allium kujukense is a perennial herbaceous plant, a rare species endemic
to the southern regions of Kazakhstan [2, 26-29], occurring on clayey and gravelly slopes of the lower
mountain belt (Fig. 1).
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Figure 1. Allium kujukense in nature (Karatau ridge, Berkara gorge) [30]

The species was described on the basis of herbarium specimens collected by V.P. Drobov, M.G. Popov,
and A.l. Vvedensky in the Syrdarya Karatau (Kujuk Mountains) in 1922. Its phylogenetic relationships
remained unclear for a long time: in the original description, the species was compared with the Central
Asian Allium oreophilum C.A. Mey., from which it differs markedly by the presence of fistulose leaves [31].
R.V. Kamelin (1973) [32] assigned this clearly isolated species to the monotypic section Vvedenskya
Kamelin within the subgenus Melanocrommyum (Webb et Berthel.) Rouy; later, this section was elevated to
the rank of subgenus Vvedenskya (Kamelin) R.M. Fritsch [4, 33]. According to R.V. Kamelin (1990) [34],
this species is a paleoendemic of presumed Miocene-Pliocene age and represents a narrowly localized
endemic of the Syrdarya Karatau [35-37]. In the northwestern part of the Boralday Range, only a single
locality of this species is currently known, situated in the valley of the Boralday River [38]. The peculiarities
of the morphology, phenology, and distribution of this poorly studied species make it a significant object for
botanical-geographical and floristic research.

Morphologically, A. kujukense is characterized by an ovoid bulb up to 1 cm in diameter with gray,
papery tunics, a single hollow cylindrical leaf, and a short stem reaching up to 20 cm in height, partially
enclosed by the leaf sheath. The flowers, with a purple perianth and a characteristic dark midvein, are
arranged in a loose hemispherical umbel. Flowering occurs in spring (April-May) [39]. The distribution of
the species is restricted to local areas of the Syrdarya Karatau and the Western Tian Shan, including the
Mashat and Duany-Tau regions. In recent years, it has also been recorded from the Kazygurt Range, which is
located at a considerable distance from the main part of the species’ range [40].

The relevance of studying this species is determined by its endemism, morphological and taxonomic
uniqueness, narrow ecological specialization, low population numbers, and the isolation of its populations, as
well as its potential vulnerability to anthropogenic impacts and insufficient level of study. These factors
underscore the need for further research and for the development of conservation measures aimed at
protecting natural populations. The present study focuses on investigating the biological characteristics of
A. kujukense, including its morphology, ecological preferences, and geographic distribution. The results
obtained may be used to assess the current status of natural populations, thereby contributing to an evaluation
of the species’ conservation status in accordance with the [IUCN Red List categories (International Union for
Conservation of Nature), and may also serve as a basis for further population-genetic and phylogenetic
studies.

Experimental

To clarify the range and prepare a summary of the species A. kujukense in Kazakhstan, an analysis of
herbarium materials collected between 1922 and 1993 was conducted. The study included specimens from
the Herbarium of the Institute of Botany and Phytointroduction (AA, Almaty, Kazakhstan), comprising 12
herbarium sheets; the Digital Herbarium of Lomonosov Moscow State University (MW, “Noah’s Ark”
Depository of Living Systems, Moscow, Russia), comprising 19 herbarium sheets; and the collections of the
Herbarium of the Komarov Botanical Institute of the Russian Academy of Sciences (LE, Saint Petersburg,
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Russia), comprising 11 herbarium sheets (Table 1). In addition, herbarium material from the Institute of
Plant Biology and Biotechnology (IPBB, Almaty, Kazakhstan) was included in the analysis, represented by a
single herbarium specimen collected in 2015. Furthermore, 6 occurrence records obtained between 2009 and
2019 from the electronic databases Plantarium and GBIF/iNaturalist were also included in the analysis
(Table 1).

Table 1
Herbarium data of the Allium kujukense species
Species Number of documented records Herbarium fund/electronic databases
12 AA
19 MW
. . 11 LE
Allium kujukense 1 \PBB
4 Plantarium
2 GBIF/iNaturalist
Total: 49

Results and Discussion

The analysis of herbarium materials of A. kujukense, comprising 49 specimens from three major
herbarium collections—the Institute of Botany and Phytointroduction (AA, Almaty; 12 specimens), the
Digital Herbarium of Lomonosov Moscow State University (MW, 19 specimens), and the Herbarium of the
Komarov Botanical Institute of the Russian Academy of Sciences (LE, Saint Petersburg; 11 specimens)—as
well as material from the Institute of Plant Biology and Biotechnology (IPBB; 1 specimen) and data from
electronic databases (6 occurrence records from Plantarium and GBIF/iNaturalist), made it possible to
significantly refine current knowledge of the species’ distribution range and ecological preferences. The
examined herbarium collections cover the period from 1922 to 1993, while records from electronic databases
extend the temporal framework of field observations to 2009-2019, providing an almost century-long time
span for studying the species in nature.

The combined data confirm that A. kujukense is an endemic species of the mountainous regions of
southern Kazakhstan, occurring predominantly within the Karatau Range system and adjacent mountain
massifs in its central part. The majority of records originate from the Syrdarya Karatau, including the Ikansu
and Bayaldyr gorges, the area of the Achisai settlement, the surroundings of the Koynar-Kul tract, the
Boralday Range (Bukeytau), and the foothills in the vicinity of the Karnak village, as well as from individual
massifs and gorges of the Lesser Karatau, such as the Kujuk Mountains, the Berkera and Sayasu gorges, and
Ulkun-Burul Mountains. Additional data from the LE collection expand the known distribution by providing
repeated records from the Ulkun-Burul Mountains (west of Taraz), the Almalysay Gorge (Biylikol Basin),
and central Karatau, including the Mynzhylky massif (Rais Gorge) and the Kan-Sai Gorge. Taken together,
these data indicate that the species’ range encompasses not only the main Karatau Range but also parallel,
closely adjacent mountain massifs (the Boraldaytau Range, the Mashat-Daubaba Mountains, and the
Kazygurt Range) that maintain similar orographic and ecological-coenotic conditions. At the same time, the
distribution range remains geographically narrow and mosaic, a pattern typical of endemic petrophilous taxa
of the Western Tien Shan.

The ecological preferences of A. kujukense, based on all analyzed materials, appear to be highly
consistent. The species has been recorded predominantly on gravelly and rocky slopes of varying steepness
and exposure, often on rocky or strongly stony substrates with a thin fine-earth layer, as well as on clayey
slopes of the foothills. Its habitats are characteristic of petrophytic and shrub-steppe ecosystems, including
petrophytic shrub communities (e.g., the Rais Gorge, Mynzhylky Massif) and shrub thickets involving the
relict species Spiraeanthus schrenkianus Maxim. (Bayaldyr Gorge). Records from clayey slopes in the
foothills of the Karatau Range (beyond the village of Karnak, the lateral site of Kentik-Sai) indicate that the
species is capable of inhabiting not only distinctly stony sites but also substrates with a higher proportion of
fine earth, provided that good drainage and open, insolated exposure are maintained. Nevertheless, in all
cases the habitats are characterized by a combination of arid conditions, nutrient-poor soils, and pronounced
stoniness of the substrate, which confirms a high degree of xerophytism and petrophily of the species.
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The phenological features of A. kujukense, inferred from collection dates in herbarium specimens,
become more clearly defined after the inclusion of materials from the LE collection. The earliest specimens
were collected in early May (10 May 1977, Bayaldyr Gorge; 19 May 1930 and 27 May 1930, foothills of the
Karatau Range in the Turkestan District), corresponding to the onset of flowering. Peak flowering is
recorded in late May and the first half of June (collections dated 7 June 1956, 13 June 1931, as well as
numerous specimens from AA and MW), whereas specimens collected in July and August (3 July 1931,
3July 1973, 5 July 1974, 7 August 1973) indicate a transition to the fruiting stage and the completion of the
vegetative cycle, particularly at higher elevations and on stony substrates. Thus, based on herbarium data, the
period of active flowering of the species under natural conditions generally extends from early-mid-May to
mid-June, while fruiting occurs in July and may continue until early August.

The chronological analysis (Table 2) indicates that the earliest records of the species date back to the
1920s-1930s (collections by E.A. Mokeeva, S. Yu. Lipschits, and N.V. Pavlov), demonstrating its long-
standing presence in botanical literature and herbarium collections. The peak of field activity related to the
collection of A.kujukense occurred during the 1950s-1970s, when significant contributions to the study of
the species were made by A.l. Vvedensky, S.S. Kovalevskaya, V.P. Goloskokov, R.V. Kamelin, and their
colleagues. Later collections from the 1970s-1980s and the 1990s (Table 2), represented mainly by materials
from the Almaty (AA) and Moscow (MW) herbaria, indicate the persistence of the species in its traditional
localities and the absence of clear evidence for a contraction of its range. At the same time, interpretation of
this pattern is complicated by temporal heterogeneity in the intensity of botanical exploration across the
region. According to GBIF/iNaturalist data, Ebel A. L. et al. (2018) [41] recorded a small population of the
species on a south-facing rocky slope in the Boralday River valley at an elevation of approximately 800 m
a.s.l. In 2019, new occurrences of A. kujukense were documented by V.G. Epiktetov within Zhambyl Region
(Sayasu Gorge) [42, 43].

Table 2

Chronological analysis of A. kujukense collections

Main herbarium authors /

Period Data source Data characteristics
observers
Herbarium collections  |Drobov V.P., Popov M.G., Material for the description of a new
1922 Vvedensky A.l. species for science; the first
documented data;
Herbarium collections |Mokeeva E.A., Formation of a basic understanding
1920s-1930s |(AA, MW) Lipshits S.Yu., of the area
Pavlov N.V.
Herbarium collections  |Vvedensky A.l., Peak of field survey; maximum
19505-1970s (AA, MW, LE) Kovalevskaya S.S., number of collections, clarification
Goloskokov V.P., of distribution, morphology and
Kamelin R.V., et al. ecology
Herbarium collections  |Kamelin R.V.; Mikhailova T.A., Confirmation of species persistence
(AA, MW) Meshcheryakova A.P., in known locations

1970s-1380s Safronova I.N., Solovyov V.1.;

Myrzakulov P.M.; Baytenov M.S.
Herbarium collections |Japarova N.K.; lvashchenko A.A.,  |The latest herbarium data from the

1990s (AA) Samoilova V.A.; end of the 20th century
Electronic databases Belousov E.M. [44] Finds in the Karatau Mountains:
2009 -
(Plantarium) eastern macroslope, Berkara tract
Electronic databases Kolbintsev V.G. [45] Finds in the Berkara tract
2012 -
(Plantarium)
2015 IPBB collection collected by: G.B. Sakauova Finds in Karatau, Kazanbulak tract,
identified by: A.A. lvaschenko Kobylandy-Sai gorge
Electronic databases Grebenjuk A.V. [46] Finds in the central part of the
(Plantarium) Syrdarya Karatau ridge:
2016 southwestern macroslope, Biresik

River valley (middle reaches), left
side of the gorge
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Continuation of Table 2

Main herbarium authors /

Plantarium)

Period Data source Data characteristics
observers
Electronic databases Kolbintsev V.G. [47] Finds in the Syrdarya Karatau,
(Plantarium) Ulkunburultau Mountains, about
2018
900 m above sea level, rocky slope
with southern exposure
Electronic databases EbelA.L. et. al. [41] Discovery of a small population in
2018 (GBIF / iNaturalist) the Boraldai River valley (=800 m
above sea level)
Electronic databases EpiktetovV.G. [42, 43] Modern finds within the Karatau
2019 (GBIF/iNaturalistand ridge: Sayasu gorge, dry rocky slope

A more detailed list of herbarium records of A. kujukense, including collection dates, is provided in

Table 3.
Table 3
List of herbarium records of Allium kujukense arranged by collection date
Collection . Collectors / Herbarium
date Region Label data Identifiers fund
03.07.1923 |>yrdaryaKaratau - Kan-Sai Gorge E.A. Mokeeva LE
(Karatau)
Syrdarya Karatau Syrdarya Province, Karatau Mountains,
04.07.1923 |(Karatau) scree slopes of the Kur-Kuz spur, along E.A. Mokeeva MW
the Min-Dzhilke route
Syrdarya Karatau Turkestan District, foothills of Karatau,
27.05.1930 clayey steppe beyond the village of S. Yu. Lipschits MW
Karnak
19.05.1930 Syrdarya Karatau Bayaldyr Gorge, clgyey slope, lateral S. Yu. Lipschits MW
(Karatau) spurs of Kentyk-Sai
Syrdarya Karatau Turkestan District, foothills of Karatau,
19.05.1930 |(Karatau) clayey slope beyond the village of S. Yu. Lipschits LE
Karnak
Syrdarya Karatau Turkestan District, foothills of Karatau,
27.05.1930 |(Karatau) clayey steppe beyond the village of S. Yu. Lipschits MW
Karnak
Syrdarya Karatau Turkestan District, Karatau Mountains,
27.05.1930 |(Karatau) Bayaldyr Gorge, clayey slope near a S. Yu. Lipschits LE
lateral spur of Kentyk-Sai
Syrdarya Karatau Karatau Mountains, gravelly slope near
13.06.1931 (Karatau) the Koynar-Kum Mountains N.V. Pavlov MW
13.06.1931 Syrdarya Karatau Karata_u Mountains, gravelly slope near N.V. Paviov MW
(Karatau) the Kainar-Kul locality
Syrdarya Karatau Karatau Mountains, gravelly screes
03.07.1931 (Boraldaytau) below the summit of Bukuy-Tau N.V. Pavlov MW
Syrdarya Karatau Karatau Mountains, rocky slope near
28.06.1931 |(Boraldaytau) the summit of Bugazy-Tau, 1500 m N.V. Pavlov MW
a.s.l.
13.06.1931 Syrdarya Karatau Karatau Mountains, g_ravelly slope near NV Paviov LE
(Karatau) the Koynar-Kul locality
Syrdarya Karatau Gravelly slope above the summit of
03.07.1931 (Boraldaytau) Bukey-Tau N.V. Pavlov LE
Syrdarya Karatau Former Syrdarya District, Dzhuvaly
21.06.1931 (Karatau) Dlstr_lct, spurs of I_<aratau, Chimbulak V'S, Kornilova AA
locality, north-facing slope toward the
Tespe-Bulak stream
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Continuation of Table 3

Collection Region Label data Collectors / Herbarium
date g Identifiers fund
Syrdarya Karatau Karatau Range, near the village of S
01.07.1934 (Boraldaytau) Mikhailovka, gravelly slope L. Chilikina MW
Talas Alatau Syrdarya District, rocky slope of the
13.07.1934 Mashat Mountains opposite Tyulkubas N.V. Pavlov MW
Station
12.06.1934 Syrdarya Karatau Kainar-Bastau area, lower terrace G. Mikeshin MW
(Karatau) plateau of Kyzyl-Nayza
14.06.1936 Syrdarya Karatau Eastgrn Karatau (Syrdarya), Elekty-Sai L_ Chilikina MW
(Karatau) locality, gravelly slope
31.05.1936 Syrdarya Karatau Little Karatau Vallgy, gravelly slope L. Chilikina MW
(Karatau) near the Shamdy River valley
Syrdarya Karatau Western Tien Shan, eastern part of the
12.06.1936 |(Karatau) Karatau Range, gravelly summit in the L. Chilikina MW
upper reaches of the Arbatas River
Syrdarya Karatau Karatau Mountains, gravelly slopes at
24.05.1939 (Little Karatau) the Kujuk Pass (3 sheets) N.V. Paviov MW
Syrdarya Karatau Zhambyl Region, Karatau Mountains,
27.05.1940 |(Central Karatau) rocky slopes of hills at the foot of N.M. Kuznetsov AA
Mynzhylky Peak
Syrdarya Karatau Zhambyl Region, Karatau Mountains, N.M. Kuznetsov
27.06.1940 |(Central Karatau) rocky slopes of hills at the foot of N ’ MW
N.V. Pavlov
Mynzhylky Peak
Syrdarya Karatau Zhambyl Region, rocky slope on
27.05.1948 (Central Karatau) Mount Ulkun-Burul N.V. Pavlov MW
Syrdarya Karatau Rocky slope on the piedmont apron of
27.05.1948 (Little Karatau) Mount Ulken-Burul N.V. Pavlov AA
Syrdarya Karatau Karatau Mountains, mountain ridge
28.05.1952 (Karatau) b_etween the Birlik and Dzhengllchlk N. Parfentyeva MW
rivers, upper slopes of the mountain,
southeastern exposure
Syrdarya Karatau Fine-earth patf:hes ona r_ocky slope Al Vvedensky,
07.06.1956 |(Boraldaytau) between the village of Kitaevka and the LE
. S.S. Kovalevskaya
Boralday River
06.06.1956 Sy_rdarya Karatau Kujuk Mountains, gravelly slopes M.S. Baitenov AA
(Little Karatau)
Syrdarya Karatau Central part of the northern slope of the
20.05.1963 |(Little Karatau) Ulkun-Burul Mountains (west of V.P. Goloskokov AA
Zhambyl), southern rocky slopes
Syrdarya Karatau Central part of the northern slope of the
20.05.1963 |(Little Karatau) Ulkun-Burul Mountains, west of V.P. Goloskokov LE
Zhambyl; southern rocky slopes
Syrdarya Karatau Eastern part of Almalysai Gorge .
03.07.1973 (Little Karatau) (Biylikol Basin), gravelly slope RV. Kamelin LE
Syrdarya Karatau Central massif of the Syrdarya Karatau, .
07.08.1973 (Central Karatau) ridge above the settlement of Achisai R.V. Kamelin LE
Syrdarya Karatau Mynzhylky Massif, Rais Gorge, .
05.07.1974 (Central Karatau) petrophytic shrub-steppe R.V. Kamelin LE
Syrdarya Karatau Bayaldyr Gorge, 5 km above Bayaldyr R.V. Kamelin,
(Central Karatau) Lake, in Spiraeanthus thickets T.A. Mikhailova,
10.05.1977 A.P. Mishrenkova, LE
I.N. Safronova,
V.1. Solovyov
11.06.1981 Syrdarya Karatau Karatau Range, Kelinchek Massif, M.S. Baitenov AA
(Central Karatau) meadow-steppe slopes
Syrdarya Karatau Central Karatau, northern macroslope,
22.05.1985 (Central Karatau) Kelenizek Gorge, rocky sites P.M. Myrzakulov AA
110 Fundamental and Experimental Biology. 2026, 31, 2(122)
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Continuation of Table 3

Collection Region Label data Collectors / Herbarium
date g Identifiers fund
Syrdarya Karatau Central Karatau, Ikansu Gorge
15.05.1985 (Central Karatau) P.M. Myrzakulov AA
Syrdarya Karatau Central Karatau, southern macroslope,
17.05.1985 (Central Karatau) 19—_1? km NW of the Achisai mine, P.M. Myrzakulov AA
vicinity of Itsanylgil, clay—gravelly
slope
Syrdarya Karatau Karatau Range, Berisek Gorge, south- A.A. lvashchenko,
08.05.1989 (Karatau) facing slope V.A. Samoilova AA
25.05.1993 Syrdarya Karatau Syrdarya Karatau _Ran_ge, Ikansu River N.K. Zhaparova AA
(Karatau) Gorge, rocky east-facing slope
Miaii, 2009 Syrdarya Karatau Ilézé;all':?;, eastern macroslope, Berkera E.M. Belousov Plantarium
26.05.2012 |Syrdarya Karatau Berkera locality V.G. Kolbintsev Plantarium
Syrdarya Karatau Kazanbulak, Kabylandy-Sai Gorge Collected by
17.06.2015 |(Central Karatau) G.B. Sakauova; \\pp 5 o jection
identified by
A.A. lvashchenko
Syrdarya Karatau Central part of the Syrdarya Karatau
28.05.2016 Range: southwestern macroslope, A.V. Grebenyuk Plantarium
Biresik River valley
31.05.2018 Syrdarya Karatau Syrdaryg Karatau, Ulkunburultau V.G. Kolbintsev Plantarium
Mountains, ca. 900 m a.s.l., rocky slope
Syrdarya Karatau Turkestan Region, Baidibek District, GBIF/
23052018 (Boraldaytau) Boralday River valley (=800 m a.s.l.) AL Ebel iNaturalist
03.06.2019 Syrdarya Karatau Zhambyl Region, Zhualy District, V. Epiktetov _ GBIF{
Sayasu Gorge, dry rocky slope iNaturalist

Notes. AA — Herbarium of the Institute of Botany and Phytointroduction (Almaty, Kazakhstan); MW — Digital Herbarium
of Lomonosov Moscow State University (Noah’s Ark Depository of Living Systems, Moscow, Russia); LE — Herbarium of the
Komarov Botanical Institute, Russian Academy of Sciences (Saint Petersburg, Russia); IPBB — collection of the Institute of Plant
Biology and Biotechnology.

Based on the analysis of herbarium materials and published literature data, a distribution map
of A. kujukense within the currently known range in Kazakhstan was compiled (Fig. 2).
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Summarizing the results, it can be concluded that A. kujukense remains an endemic species of the
mountains of southern Kazakhstan, characterized by a narrow yet structurally complex range encompassing
the Syrdarya Karatau Range and several morphologically and ecologically similar small mountain massifs.
Its stable association with arid petrophytic and shrub-steppe habitats, rocky and clayey slopes, together with
a relatively short vegetative period, makes the species potentially vulnerable to anthropogenic pressures
related to the transformation of mountain landscapes, including grazing, cultivation of foothills, mining
activities, and increasing recreational impacts. The overall body of herbarium evidence highlights the
necessity of updating field surveys in key localities, refining estimates of population size, and, if warranted,
considering the inclusion of the species in regional and national lists of protected plants. This is particularly
relevant given that the species is not mentioned in the Red Data Books of two regions — Zhambyl
(2007) [48] and Turkestan (formerly South Kazakhstan, 2002) [49] — whereas the much more widely
distributed Allium karataviense Regel is included.

Conclusion

Thus, based on the analysis of herbarium materials from the AA, MW, and LE collections, the IPBB
collection, as well as data from the electronic databases Plantarium and GBIF/iNaturalist, the distribution
range, ecological preferences, and history of study of A. kujukense within Kazakhstan have been clarified.
The species is a narrowly localized endemic of the mountainous regions of southern Kazakhstan, occurring
predominantly within the Syrdarya Karatau Range system (including the Boraldaytau Range) and several
adjacent small mountain massifs of the Western Tian Shan, forming a mosaic and geographically restricted
range. A. kujukense is characterized by a stable ecological association with arid conditions, rocky and clayey
slopes, and petrophytic shrub communities, as well as by a relatively short vegetative period. The
chronological analysis of data spanning the period from 1922 to 2019 did not reveal clear evidence of range
contraction based on herbarium records; however, heterogeneity in the intensity of regional botanical
exploration and the presence of only a limited number of recent records indicate the need for further targeted
field surveys. Given the potential vulnerability of the species to anthropogenic impacts, monitoring of
A. kujukense populations in its main distribution areas will be continued in order to refine estimates of
population size, assess population condition and dynamics, and evaluate the necessity of additional
conservation measures.
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Kaszakcrangarsl Allium kujukense Vved. 3naem Typi:
Tapajybl, TAPHXbI KIHE 3ePTTEY MePCIEKTHBATAPbI

Makanana repbapuii MaTepHangapsl MEH 3aMaHayH JJIEKTPOHJBIK JepeKkTep 0Oa3achklH 3epleley HeriziHne
Onrycrik Kazakcran TaynapbIHBIH CHpeK Ke3deceTiH maneodHmemuri kyiik musssisi (Allium kujukense
Vved.) TapanyslH KelieHi tanmay HoTwkenepi kentipinren. XKymeicra Kazakcran (AA) xone Peceit (MW,
LE) 43 repbapuii maparbin xoHe OBBU jxunareiH, conpmaii-ak Plantarium »xone GBIF/iNaturalist
3JIEKTPOHIBIK pecypcTapblHaH 6 OakpLIayasl KaMTHUTHIH 49 KyKaTTanFaH »ka30a TangaHisl. OpTYpii
Ke3eHIEP/iH JIepeKTepiH CalbICTHIPy TYPIIH Tapaily aiMarbIHBIH KeHICTIKTIK KYpbUIBIMBIH HAKTBUIAYFa JKOHE
onslH Cripmapus Kaparayer xotamap sxyiecine (Bopampmaditaymel koca anranma) xoHe batpic TsHb-
[IlaHBHBIH MO3aWKaJbIK JKOHE reorpadHsUIbIK TYPFBINAH INEKTEYNi Tapaly aiMarblH KypalThlH Oipkarap
JKaKbIH MaHJarbl IIAFBIH Tay JKOTAaJapbIMEH IIEKTEIreHIH pacTayFa MYMKIHIIK Oepmi. ¥ CHIHBUIFaH
MaTepHaiIap ochl TYP/IH Tapalybl OOHBIHIIA apHAIbI 3epTTeyep JKoHe OHbI KOpFay IIapajapblH XKYPTri3yIiH
MaHBI3AbUIBIFBIH HET13IEM 1.

Kinm ce3dep: Allium kujukense, Kasakcran, Ceipmapus Kaparaybl, repbapuil nepektepi, 3JeKTPOHIBIK
JEPEKKOpIIap, Tapatybl.

A.A. MBamenko, M.M. EpmaramberoBa

Ounemuunbiii BUA Allium kujukense Vved. B Kazaxcrane:
pacnpocTpaHeHHe, HCTOPHUSI M MePCNeKTHBBI H3yYeHH ST

B crarbe mpeicTaBieHbl pe3yNbTaThl KOMILIEKCHOTO aHalM3a paclpoCTpaHeHus jyka Kyrokckoro (Allium
kujukense Vved.), peakoro naneosuaemuka rop FOxuoro Kazaxcrana, Ha OCHOBE W3ydYeHHsI repOapHbIX Ma-
TEPUAJIOB W COBPEMEHHBIX JJIEKTPOHHBIX 0a3 JaHHBIX. B pabore mpoaHanmmsupoBaHbl 49 HJOKYMEHTHPOBAH-
HBIX 3amuceid, BKIrovaromux 43 repbapueix mucta u3 ponnoB Kazaxcrana (AA) u Poccun (MW, LE) u koin-
nekin MBBP, a taroke 6 HabmrofeHunii 13 eKTPOHHBIX pecypcoB Plantarium u GBIF/iNaturalist. Comoc-
TaBJICHHE JaHHBIX Pa3JINYHBIX IEPUOJOB MTO3BOJIHIIO YTOYHUTB IIPOCTPAHCTBEHHYIO CTPYKTYpPY apeajia BUIa U
HNOATBEPIUTH €ro NpUYPOUEHHOCTh K cucteMe xpedTa CrlpnapeuHckuil Kaparay (Bxitouas bopannaiiray) u
psiny Onm3nexaiyx HeOOJIbIIMX TOPHBIX MaccuBOB 3amanHoro Tsub-IllaHs, GOpMUPYIONMX MO3aWYHBIA U
reorpaduuecky orpaHn4eHHbIi apean. [IpencraBneHHble MaTepHatbl 00OCHOBBIBAIOT BaYXKHOCTH IPOBEICHUS
CTIEIMANBHBIX MCCIEJOBAaHUH 1O PACIPOCTPAHEHHUIO U OIEHKE IIeIeCOOOPa3sHOCTH Mep 10 OXpaHe JaHHOTO
BHUJA.

Knioueswie cnosa: Allium kujukense, Kaszaxcran, CeipaapsruHckuii Kaparay, repbapHbie qaHHBIE, 3IEKTPOH-
Hble 0a3bl TAHHBIX, PACIIPOCTPAHEHHE.
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Safety assessment of different extracts of Linaria vulgaris Mill.
in models of cytotoxicity and acute toxicity

The paper presents the results of a study on the acute toxicity and cytotoxic activity of extracts from the
aboveground part of Linaria vulgaris Mill., collected during the flowering phase in the steppe areas of the
Bukhar-Zhyrau district of the Karaganda region (Republic of Kazakhstan). The extracts were obtained by
maceration, percolation, and ultrasonic extraction using various organic solvents (ethanol, ethyl acetate, and
chloroform). Acute toxicity was studied in outbred white mice weighing 18-25 g after a single intragastric
administration at doses of 500, 1500, and 2500 mg/kg. Cytotoxic activity was assessed using the Artemia sa-
lina larvae lethality assay. The data obtained showed that the 70 % ethanol extract of Linaria vulgaris Mill.
belongs to the category of practically non-toxic substances and is classified as low-toxic (toxicity class Il1).
The study of cytotoxic activity demonstrated that the Linaria vulgaris Mill. extracts, regardless of the method
of preparation or the extractants used, do not exhibit toxic effects against Artemia salina larvae. Thus, the
studied extracts of the aboveground part of Linaria vulgaris Mill. are characterized by low toxicity and lack
of cytotoxic activity, which indicates their potential safety and prospects for further biological and pharmaco-
logical studies.

Keywords: Linaria vulgaris Mill., medicinal plant, extract, acute toxicity, cytotoxicity.

Introduction

Linaria vulgaris Mill. (Scrophulariaceae family) is a perennial herbaceous plant. The genus Linaria
Mill. includes about 200 species, mainly distributed in the Northern Hemisphere, in East Asia, and the
Mediterranean Basin [1]. In the flora of the Republic of Kazakhstan, 21 species are found, of which 8 are
endemic [2].

It is known that in traditional medicine, Linaria grandiflora Desf., Linaria genistifolia subsp.
confertiflora (Boiss.) Davis, and Linaria aucheri Boiss. have traditionally been used for treating wounds and
vascular disorders, as well as for their laxative, tonic, antidiabetic, and diuretic properties [3]. In in vitro
experiments, agueous-methanol, ethyl acetate, and butanol extracts of Linaria Mill. species exhibited
inhibitory activity against cholinesterase [4]. The use of certain species of the Linaria Mill. genus in folk
medicine has attracted significant interest in chemical and biological research.

According to the literature [5, 6], studies addressing the phytochemical composition and biological
activity of Linaria vulgaris Mill. are limited. Phytochemical investigations have identified benzyl alcohol
glycosides, syringin, liriodendrin, and other phytoconstituents in Linaria vulgaris Mill. plants, supporting the
presence of multiple compound classes such as glycosides and alkaloid-related substances. Available
research also indicates that extracts of Linaria vulgaris Mill. contain phenolic acids and flavonoids with
antimicrobial activity in vitro assays against Staphylococcus aureus, Escherichia coli, and Candida albicans.
Furthermore, chromatographic analyses have shown that Linaria vulgaris Mill. extracts contain other
phenolic compounds that may contribute to additional biological effects [7].

For the first time, we performed microscopic and histochemical analyses of Linaria vulgaris Mill.,
collected from the Bukhar-Zhyrau district in the Karaganda region of Kazakhstan. The histochemical
examination demonstrated that flavonoids, phenolic compounds, traces of essential oils, alkaloids, and
sesquiterpene lactones are distributed within the tissues of the leaves and stems [8-9].

Previous studies have reported that cytotoxic activity in various plant extracts has been attributed to
biologically active compounds such as alkaloids, flavonoids, and phenolics [10].
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Studies on the acute toxicity of extracts help assess the risk and potential side effects associated with the
use of plant extracts, which is crucial for ensuring their safe application in medicinal practice and
pharmaceutical formulations [11].

No information is available in the accessible literature regarding the study of the acute toxicity of
Linaria vulgaris Mill. extract, which served as the basis for determining its safety for further use as a
medicinal product.

Thus, the aim of this study is to evaluate the acute toxicity and assess the cytotoxic potential of Linaria
vulgaris Mill. extracts on the larvae of Artemia salina larvae.

Experimental

Acute toxicity was evaluated in white outbred mice weighing 18-25 g at the vivarium of the Institute of
Life Sciences, Karaganda Medical University.

The animals were divided into four groups of six individuals each.

The studied samples were administered once via a gastric tube at doses of 500, 1500, and 2500 mg/kg.

A precise weight of 50 g of dried and crushed raw material (2 mm particle size) was placed in a round-
bottom flask, followed by the addition of 500 mL of 70 % ethanol. The flask was connected to a reflux con-
denser and heated in a water bath for 3 hours. The obtained extract was filtered and evaporated under re-
duced pressure using a rotary evaporator. The extraction process was repeated three times, and the resulting
fractions were combined and dried.

The administered dose was calculated individually based on body weight.

The acute toxicity study was conducted over a 14-day observation period, with continuous monitoring
during the first 24 hours. Systematic evaluations were performed to assess the general condition of the ani-
mals, behavioral patterns, motor activity, the presence and type of convulsions, coat condition, mucous
membrane coloration, food and water consumption, and changes in body weight [12].

No mortality was observed at any of the tested doses, including the highest dose of 2500 mg/kg. There-
fore, the median lethal dose (LDso) of the extract was considered to be greater than 2500 mg/kg after oral
administration in mice.

Biochemical blood parameters of mice were analyzed on day 14 of the experiment. Blood samples were
collected from the tail vein following the 14-day observation period. The analyses were performed at the vet-
erinary clinic “Dobry Doctor” (Karaganda) using an automated biochemical analyzer [insert model and man-
ufacturer] with standard commercial reagent kits [insert manufacturer]. The following parameters were
measured: total protein, urea, glucose, total bilirubin, aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and creatinine.

Studies on the cytotoxicity of the samples were conducted at the Scientific Research Institute of New
Chemical Technologies, L.N. Gumilyov Eurasian National University.

To assess cytotoxic activity, a series of extracts obtained by maceration (LV-96) and ultrasonic extrac-
tion (LV-U70) using various organic solvents, including ethanol, ethyl acetate (LV-EtAc), and chloroform
(LV-Chl), were used.

Marine crustaceans Artemia salina larvae were used to determine cytotoxic activity. This method
measures acute toxicity by comparing the mortality of Artemia salina larvae in the test samples with that in a
control containing only water. A substance is considered acutely toxic if it causes 50 % or greater mortality
of the larvae compared to the control.

Dilutions were prepared by dissolving 1 mg of the substance in 1 ml of solvent. Each sample was tested
in triplicate. Experiments were conducted at 20 + 2 °C under natural light conditions. The control artificial
seawater was prepared in the laboratory and had a pH of 8.0-8.5. Newly hatched Artemia salina larvae, up to
1 day old, were used for the bioassays, with 2040 larvae placed in each test tube [13].

All experimental procedures were approved by the Institutional Animal Care and Use Committee
(IUCAC). There is a conclusion from the ethical committee of the NJSC “Karaganda Medical University”
No. 45, Protocol No. 9 dated 19/06/24.

Results and Discussion

The overall condition of the animals was assessed daily based on appearance, behavior, physiological
parameters, and food and water intake. Animals were classified as “normal” if they exhibited typical activity,
intact fur and skin, regular food and water consumption, and no observable behavioral or physiological ab-
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normalities. “Good condition” was assigned to animals showing all of the above characteristics along with
strong responsiveness to stimuli and overall alertness.

Group 1 (Dose: 500 mg/kg): After administration, the mice remained active throughout the day. No ob-
servable changes in behavior or functional status were detected. Fur and skin remained intact, and the mice
maintained regular food and water intake. No mortality was recorded. On the second day and throughout the
entire observation period, no pathological changes in behavior or physiological parameters were observed.
Food and water consumption remained normal, and no delays in growth or development were noted. All
mice survived the 14-day observation period.

Group 2 (Dose: 1500 mg/kg): Following administration, the mice remained active throughout the day,
showing no observable changes in behavior or physiological condition. Their fur and skin appeared intact,
and they consumed food and water without any issues. No mortality was recorded. On the second day and
throughout the 14-day observation period, no behavioral abnormalities or physiological disturbances were
observed. Food and water intake remained consistent, and normal growth and development were maintained.
No deaths occurred during the study.

Group 3 (Dose: 2500 mg/kg): Throughout the 14-day observation period following administration, no
alterations in behavior or physiological parameters were noted. The mice maintained regular food and water
intake and exhibited typical responses to light and sound stimuli. Fur and skin remained in good condition,
and urination and defecation were normal. No delays in growth or weight gain were observed. No mortality
occurred (Table 1).

After intragastric administration of the extract, all animals maintained normal overall condition, accord-
ing to the defined criteria.

Over the following 14 days, no notable changes in appearance, behavior, or activity were observed in
the mice.

Table 1 summarizes the results of the study assessing the effects of a single intragastric dose of the ex-
tract on mouse viability.

Table 1
Assessment of the toxic effects of the dry ethanol extract of Linaria vulgaris Mill.
in mice following a single oral administration
Dose (mg/kg) n (male) n (female) Deaths (male) | Deaths (female) Mortality (%)
500 3 3 0 0 0
1500 3 3 0 0 0
2500 3 3 0 0 0
Control 3 3 0 0 0

Preclinical studies of sample LV-70 (Linaria vulgaris extract) demonstrated that it does not exhibit
acute nonspecific toxicity. The maximum achievable dose for single intragastric administration in mice is
2500 mg/kg, which is considered safe.

Analysis of experimental mice over 7 and 14 days after acute administration of the ethanol extract of
Linaria vulgaris Mill. at doses of 500, 1500, and 2500 mg/kg showed no adverse effects on appearance, gen-
eral condition, body weight, or behavior. The results of the biochemical analyses are summarized in Table 2.
No significant deviations from control values were observed for any parameter, confirming the low acute
toxicity of the ethanol extract under the tested conditions.

Table 2

Biochemical parameters of mice after acute administration of Linaria vulgaris Mill. extract

Parameter Sex Control (n=3) | 500 mg/kg (n=3) | 1500 mg/kg (n=3) | 2500 mg/kg (n=3)
. i) 63.6+2.1 56.14+0.3 45.6 +3.0 47.6+0.7
Total protein, g/L
Q 61.5+1.8 59.3+£0.8 56.72+0.8 49.2+0.5
o) 122+0.9 13.7+£1.0 145+0.7 15.6+0.6
Urea, mmol/L
Q 11.7+0.2 16.3+2.7 16.7£0.6 14.5+0.8
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Continuation of Table 2

Parameter Sex Control (n=3) | 500 mg/kg (n=3) {1500 mg/kg (n=3) | 2500 mg/kg (n=3)

IS 95+0.24 10,6 £0.18 9.54+0.5 10.2+0.2
Glucose, mmol/L

Q 9.54+0.41 8.43+2.7 9.87 +£0.63 9.34+0.28
Total bilirubin, 3 5.46 £0.012 4.6 £0.61 5.94 +0.08 6.01 £0.02
mmol/L Q 5.68+0.14 5.17+0.25 6.13 £0.02 5.96 +0.02

IS 43.74 £ 0.08 40.3 +0.06 42.1+0.3 4421+0.3
AST, mmol/L-s

Q 42.5+0.61 409+1.7 432+0.5 46.1+0.7

J 47.35+0.02 42.0+0.03 45.1£0.05 492 +0.1
ALT, mmol/L-s

Q 42.54 £ 0.06 43.8+0.02 44.4 £ 0.03 473+0.5

. IS 170.24 +£ 0.1 169.0 + 0.8 167.2+0.5 162.3+0.2

Creatinine, mmol/L

Q 167.43 £ 0.05 164.0+0.3 168.3+0.1 165.6 £ 0.5

Cytotoxic activity was studied using the survival method of the marine crustacean Artemia salina lar-
vae. A flask was filled with artificial seawater, and Artemia salina eggs were added. They were kept for 3

days with gentle aeration until the crustaceans hatched.

Paclitaxel-Teva was used as a reference drug. The samples were tested at concentrations of 10, 5, and
1 mg/ml. The results of the cytotoxic activity study are presented in Table 3.

Results of the cytotoxicity study

Table 3

Concentration Number of larvae | Number of larvae _ Neurotoxicity
Sample (Control: (Sample: Mortality (%)
(mg/ml) ; . (%)
survived/dead) survived/dead)
10 22/1 0/22 96 0
Paclitaxel-Teva 22/1 1/25 92 0
1 22/1 9/18 63 0
10 22/1 26/1 0 0
LV-EtAc 22/1 23/0 0 0
1 22/1 21/1 0 0
10 22/1 25/1 0 0
LV-Chl 22/1 22/0 0 0
1 22/1 23/0 0 0
10 22/1 22/1 0 0
LV-U70 22/1 22/0 0 0
1 22/1 24/1 0 0
10 22/1 26/1 0 0
LV-96 22/1 2710 0 0
1 22/1 22/1 0 0

Analysis of experimental mice over 7 and 14 days after acute administration of the ethanol extract of
Linaria vulgaris Mill. at doses of 500, 1500, and 2500 mg/kg showed no adverse effects on appearance, gen-
eral condition, body weight, or behavior.

Previous studies in our group demonstrated that the aerial parts of Linaria vulgaris Mill. contain up to
0.052 % flavonoids (expressed as quercetin equivalents), 20 amino acids (both essential and nonessential),
and 62 components in the essential oil, of which hexahydrofarnesyl acetone accounts for 11.71 % [14-15].
The presence of these compounds likely contributes to the low acute toxicity and overall safety of the ex-
tracts.

Cytotoxicity assessment revealed that the samples LV-EtAc, LV-Chl, LV-U70, and LV-96 did not ex-
hibit cytotoxic effects at any of the tested concentrations. In contrast, the reference drug Paclitaxel-Teva ex-
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hibited cytotoxicity toward Artemia salina larvae across all tested concentrations, with mortality rates rang-
ing from 63 % to 96 %.

Conclusion

Thus, for the first time, we have studied the acute toxicity and cytotoxicity of extracts of Linaria vul-
garis Mill.

1. Following a single intragastric administration, the Linaria vulgaris Mill. extract caused no observa-
ble behavioral or physiological changes, and all mice survived the 14-day observation period, indicating low
acute toxicity under the conditions and timeframe of this study.

2. The study of cytotoxic activity allows us to conclude that the samples LV-EtAc, LV-Chl, LV-U70,
and LV-96 do not exhibit cytotoxicity at any of the tested concentrations.

These findings are limited to acute toxicity, and further studies are required to assess subchronic or
chronic toxicity.
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J.K. Hypkazasipos, X.1. Umxkanosa, XX.P. [llaiimepaenosa, Wirginia Kukula-Koch

Linaria vulgaris Mill. eciMairinin opTypJii CHIFBIHABLIAPBIHBIH HUTOYBITTHLIBIK
JKOHeE KiTi yBITTBUIBIK MOAeJIbAePiHAe Kayinci3airin 0araay

Kymeicra Kaparanaer o0mbicel bykap sxeipay aynansiabiH (Kasakcran PecmyOnmkacel) nanma ygackenepinme
I'yJjIeHy KeseHinae skuHanrad Linaria vulgaris Mill. skepycrti 0esiri ChIFBIHIBLIAPBIHBIH JKiTi YBITTHUIBIFbI
MEH HHUTOYBITTBUIBIK OCJICEHALIIriH 3epTTey HOTMKenepi KenripiareH. JKiTi YBITTBUIBIKTHI 3€pTTEY YIIiH
canmarbl 18-25 r ak TykpIMchI3 ThiKaHaapra 500, 1500 sxone 2500 mr/kr no3ama Oip per ackasad imiHe
eHri3izietin 70 % 3TaHOJ CHIFBIHABICHI KONIAHBUIIBL [[UTOYBITTHUIBIK OENICCHIUTIKTI Oaranay YIIiH 3TaHOJ,
STHIALETAT JKOHE XJIOPO(QOPMIBI KOCAa alFaHa, 9PTYPJi OPraHMKAIBIK EpITKIIITepAi KOJNIaHa OTBIPHII,
Malepanuss OJKOHE  YIBTPaIbIOBICTBIK OKCTPAKLUs —QIiCTepIMEH aJbIHFAH  CHIFBIHABUIAD  CEPHUSICH
naipananbuiel.  utoyeitteuiblk  Artemia  salina  gepHocinzepiHid — chIHarbl apKbUIBl  OarajiaHIbl.
Hormxecinne Linaria vulgaris Mill. ceIFbIHIBICH iC XKY3iHAC YIIBI €MEC 3aTTap CaHATBIHA )KATATHIHBIH KOHE
VBITTBUIBIFBI  TOMEH (YBITTBUIBIKTBIH Il  Kiacel) peTiHAe JKiKTeneTiHiH KepcerTi. LIUToTOKCHKabIK
OencenimikTi 3eprrey 6apbicsirga Linaria vulgaris Mill. ceiFbIHIBUIAPEI OHAIPY S/iCiHE KOHE KOJIAHBUIFaH
JKCTpareHTTepre Kapamacran Artemia salina neprocinuepine ybITThI o9cep eTrelTiHi anbikTaiapl. Ocpuiaiina
Linaria vulgaris Mill. >xepycri OGemiriniH 3epTTeNreH CHIFBIHIBUIAPHI TOMEH YBITTBUIBIKIECH JKOHE
IUTOYBITTBUIBIK OCIICEHAUTIKTIH 00JIMaybIMEH CUTIATTANIA/IbI, OYJT OJIAP/IbIH QJICYETTi KayillCi3/iriH KoHe OJ1aH
9pi OMOJIOTHSLTBIK JKoHE (hapMaKOJIOTHSUIBIK 3epTTEYJIepAiH OoalarblH KOPCETE .

Kinm co30ep: Linaria vulgaris Mill., nopinik eCiMaiK, CBIFBIH/IBI, XKiTi YBITTBUIBIK, IIATOYBITTHUIBIK,

J.K. Hypkaneipos, X.U. Uxkanosa, XK.P. llaiimepaenosa, Wirginia Kukula-Koch

Onenka 6e30MacHOCTH Pa3INYHBIX IKcTpakToB Linaria vulgaris Mill.
B MOJIeJISIX IUTOTOKCHYHOCTH M OCTPOil TOKCHYHOCTH

B paboTte mpeacTaBieHsl pe3yibTaThl HCCIEAOBAHUS OCTPON TOKCHYHOCTH M IIUTOTOKCHYECKOH aKTHBHOCTH
9KCTPaKTOB Hag3eMuoi yactu Linaria vulgaris Mill., cobpanHoii B a3y 1BeTeHns Ha CTENHBIX y4acTkax by-
xap-XKeipayckoro paitona Kaparananuckoii obnactu (Pecnyonuka Kaszaxcran). s uccnemoBaHus ocTpoit
TOKCHYHOCTH Hcnonb30Band 70 %-Hblil 3TAaHONBHBIA IKCTPAKT, KOTOPBIH BBOAMIN O€NbIM OECIOPOIHBIM
MBIIIIaM Maccoil 18—25 r oqHOKpaTHO BHYTpHXKETyJo4HO B 1o3ax 500, 1500 u 2500 mr/kr. [{ns oueHkH 1u-
TOTOKCHYECKOH aKTHBHOCTH NMPUMEHSUIH CEPUI0 SKCTPAKTOB, MOJNYYCHHBIX METOJAMH Mallepaliy U YIbTpa-
3BYKOBOH O9KCTPAaKIUK C HCIOJIb30BAaHUEM DPA3JIMYHBIX OPraHWYECKHX PACTBOPHUTENCH, BKIFOYAs STaHOI,
ATHJIALETAaT U XJI0podopM. [IUTOTOKCHYECKYIO aKTHBHOCTh OLICHHBAIIH C HCIIOJIb30BaHHEM TeCTa HA JIMYHH-
kax Artemia salina. TTonmydenHble qaHHBIE MOKa3allk, YTO CIUpTOBOM 3kcTpakt Linaria vulgaris Mill. orro-
CHUTCS K KaTerOpuH MPaKTHYECKH HETOKCHYHBIX BELIECTB M Kinaccubuuupyercss kak Manotokcuynsiit (111
KJIACC TOKCHYHOCTH). B XOJ/ie MCCIIeI0BaHUs IIMTOTOKCHYECKOW aKTHBHOCTH YCTAHOBJIEHO, YTO 3KCTPAKTBI
Linaria vulgaris Mill., He3aBucumMo OT MeTO/Ia TOJTYyYEHHSI M MPUMEHEHHBIX 3KCTPAreHTOB, HE MPOSBISIOT
TOKCHYECKOTO JCHCTBUsI B OTHOLICHHH TanHOK Artemia salina. Takum 06pa3om, HCcieyeMble SKCTPAKTHI
Hag3eMHoi actu Linaria vulgaris Mill. xapakrepusytoTcst HU3KO# TOKCHYHOCTBIO M OTCYTCTBHEM LIUTOTOK-
CHYECKOW aKTUBHOCTH, YTO YKa3bIBa€T HA X MOTCHIMAIbHYIO 0€30IIaCHOCTh M MEPCIEKTHBHOCTD JUIS Jallb-
HeHnmx GHOJIOrMYecKuX U hapMaKoIOrHuecKHX UCCIeI0BaHUH.

Knioueswie crosa: Linaria vulgaris Mill., nekapctBenHoe pacreHue, 3KCTPaKT, OCTpasi TOKCUYHOCTD, IIUTO-
TOKCHYHOCTb.
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Important Plant Area “Petrophytic Steppes of Ulytau with
Tanacetum ulutavicum” (Central Kazakhstan):
site identification and conservation recommendations

Field surveys conducted in 2025 in the Ulytau low-mountain massif (Ulytau Region, Kazakhstan) support the
identification of the Important Plant Area (IPA) “Petrophytic Steppes of Ulytau with Tanacetum ulutavicum.”
The site comprises two polygons totaling 1,372 ha (557 and 815 ha), located largely within Ulytau State Na-
tional Nature Park, at elevations of 508-1,140 m a.s.l., and includes a mosaic of petrophytic communities on
rocky substrates. The primary conservation target is the narrow-range endemic Tanacetum ulutavicum
Tzvelev (Red Data Book of Kazakhstan), occurring in discrete population patches of 207—-1,200 m? with den-
sities of 0.06-3 individuals per m2. Communities supporting this species show high floristic richness (82 vas-
cular plant species) and concentrate multiple taxa of conservation concern, including several rare and region-
ally significant species. The site meets the Kazakhstan-adapted IPA subcriteria A3 and A4 (endemic and
subendemic species) and B2 and B3 (assemblages of high conservation and socio-economic value). Principal
threats include grazing pressure, trampling, unregulated recreation, and localized substrate disturbance. For-
mal boundary delineation, long-term population monitoring, and regulation of grazing and visitor use are rec-
ommended to ensure effective conservation management.

Keywords: Ulytau, Important Plant Area (IPA), petrophytic steppes, endemics, Tanacetum ulutavicum, plant
conservation, Ulytau State National Nature Park.

Introduction

The Important Plant Area (IPA) methodology is applied as a science-based tool for prioritizing sites of
significance for the conservation of flora and vegetation. It is grounded in the Plantlife International frame-
work, which includes criterion A—threatened and geographically restricted species; criterion B—diverse,
unique and valuable plant communities; and criterion C—threatened habitats [1, 2].

In Kazakhstan, recent years have seen active testing and adaptation of the IPA criteria, coupled with
alignment between the IPA approach and the Key Biodiversity Area (KBA) Standard. This integration ena-
bles the translation of botanical research outcomes into management decisions and spatial conservation plan-
ning [1-4, 12-14]. An important task is the identification of IPAs within existing protected areas to strength-
en the conservation of plant diversity, as these areas typically retain the most intact natural complexes and
provide conditions for targeted conservation management [15].

The Ulytau Mountains are characterized by a rocky terrain, a well-developed network of gorges, can-
yons, ravines, intermontane valleys, and a broad spectrum of low-mountain habitats. This environmental het-
erogeneity results in pronounced vegetation mosaicity, combining petrophytic steppes, shrub thickets, and
extra- and intrazonal communities, including birch and aspen groves and mesophytic meadows. Within
Ulytau, the most vulnerable elements are narrowly localized populations of endemic and rare taxa that are
sensitive to changes in grazing pressure and recreational disturbance [5-10, 16].

Of particular conservation concern is Ulytau tansy (Tanacetum ulutavicum Tzvelev), a perennial herb of
the family Asteraceae with declining population size. The species is listed in the Red Data Book of Kazakh-
stan as a rare (vulnerable) taxon of regional importance. Its distribution is restricted to rocky outcrops com-
posed of slabs and scree, typically associated with both steep and gentle slopes of the Ulytau low-mountain
massif and adjacent uplands [6, 7, 11].

The objective of this study is to provide a scientific justification for the designation of the IPA
“Petrophytic Steppes of Ulytau with Tanacetum ulutavicum”, to refine its boundaries and key conservation
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features, to describe habitats and threats according to a standardized framework, and to propose practical
recommendations for conservation and long-term monitoring.

Experimental

Field surveys of flora and vegetation were conducted in 2025(30 June — 5 July) within the Ulytau low-
mountain massif (within the boundaries of the State National Park and beyond), where the IPA was allocated
(Fig. 1, Table 1).

Slope aspect and morphological characteristics were recorded, and the coordinates of key locations
were collected using the Garmin GPS navigator. Coordinates are presented in decimal format to facilitate use
in GIS-based analyses. The list of vascular plants was compiled from route-based surveys and targeted
geobotanical relevés carried out using classical field methods; it was published as a checklist in GBIF. Taxo-
nomic validation and nomenclatural updates were performed using current reference databases (POWO,
WCVP, IPNI) and regional identification manuals [17-27].

Geobotanical descriptions were conducted at 100 sg. m plots in communities with participation of
T. ulutavicum [Bykov, B.A. (1978). Geobotanika [Geobotany]. Alma-Ata: Nauka [in Russian]. For this pur-
pose, special geobotanical forms are used, which provide detailed descriptions of relief, soils, and vegetation.
The following aspects were considered for describing the plant communities: 1) floristic composition; 2) to-
tal projective coverage; 3) phenophase; 4) abundance of species by the Drude scale; 5) species distribution
patterns; 6) vitality. The impact of both natural and anthropogenic factors on vegetation was also considered.

Additional information on the floristic diversity and vegetation of the Ulytau mountain system was ob-
tained from publications by A.N. Kupriyanov [16] and M.Yu. Ishmuratova et al. [5].

IPA justification followed the framework of the nationally adapted IPA criteria (A—C), with the applica-
tion of subcriteria relevant to the environmental and biogeographic conditions of Kazakhstan. To ensure
comparability and facilitate subsequent integration into management and planning documents, habitats were
classified using EUNIS terminology, with broader correspondence to IUCN Habitats v3.1. Threats and im-
pact factors were coded according to the IUCN-CMP Threats Classification Scheme v3.2. IPA boundaries
are proposed as two polygons encompassing the most representative and vulnerable areas of petrophytic
steppes and the core localities of populations of the focal endemic species [2—4, 13, 14, 17].

86'55TE erace

Tanacetum ulutavicum Tzvel

LZ,;” IPA “Petrophytic Steppes of Ulytau”
D Border of the National park
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Figure 1. Location of the IPA “Petrophytic Steppes of Ulytau with Tanacetum ulutavicum”
within the Ulytau mountain system, proposed IPA boundaries (two sites),
and key population localities of Tanacetum ulutavicum
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Table 1
Geographic and administrative characteristics of the site

Russian name: [erpodurhsie crenu Ynsitay ¢ Tanacetum ulutavicum
English name: Petrophytic Steppes of Ulytau with Tanacetum ulutavicum
Kazakh name: Tanacetum ulutavicum ecetin ¥bITay MeTpouTTi Hananapsl
IPA code: IPA-KZ-TU
Country: Kazakhstan
Region: Ulytau Region
Center latitude, site 1 (decimal degrees): | 48.6547° | Center longitude, site 1 (decimal degrees): 66.9757°
Center latitude, site 2 (decimal degrees): | 48.6906° | Center longitude, site 2 (decimal degrees): 67.0099°
Elevation (minimum, ma.s.l.): 508 Elevation (maximum, ma.s.l.) 1140
Area (ha) 1,372 Vector boundaries available (*.kml/kmz or *.shp) | Yes

Results and Discussion

The main outcomes of this study include a detailed description of the Important Plant Area “Petrophytic
Steppes of Ulytau with Tanacetum ulutavicum” (IPA-KZ-TU) and the development of recommendations for
its conservation.

1. Brief site description

The TPA “Petrophytic Steppes of Ulytau with Tanacetum ulutavicum” was identified based on field sur-
veys conducted in 2025 within the Ulytau low-mountain massif. The territory comprises two sites located
near the village of Ulytau, predominantly within the boundaries of Ulytau State National Nature Park. The
IPA includes rocky and stony—gravelly slopes, piedmont plains, and low upland areas where relatively intact
petrophytic steppes and xerophytic shrub communities are preserved.

The principal conservation priority is the narrow-range endemic Tanacetum ulutavicum, listed in the
Red Data Book of the Republic of Kazakhstan. The species occurs in fragmented populations confined to
rocky substrates. Additional conservation value is provided by the presence of other Red Data Book species
(Tulipa patens C. Agardh ex Schult. & Schult. f., T. suaveolens Roth), Kazakhstan subendemics (Artemisia
semiarida (Krasch. & Lavrenko) Filatova, Atraphaxis decipiens Jaub. & Spach), and a substantial number of
socio-economically important species, including 35 medicinal and 25 forage plants.

Communities containing T. ulutavicum exhibit relatively high floristic richness, with a total of 82 vas-
cular plant species recorded.

2. Site boundaries

Site 1: northern point — 48.6548° N, 66.9592° E; southern point — 48.6736° N, 67.0149° E; western
point — 48.6418° N, 66.9307° E; eastern point — 48.6486° N, 66.9980° E.

Site 2: northern point — 48.7032° N, 67.0101° E; southern point — 48.6736° N, 67.0149° E; western
point — 48.7111° N, 66.9713° E; eastern point — 48.6745° N, 67.0433° E.

3. Botanical significance

The IPA represents a regionally representative, minimally disturbed complex of petrophytic steppes of
Central Kazakhstan, interspersed with shrub thickets. The native vegetation of the low-mountain belt and
adjacent piedmont plains is dominated by shrub thickets and petrophytic steppe communities, including
bunch grass, bunch grass—forb steppes with shrubs, sagebrush—bunch grass, shrub—wormwood-bunch grass
steppes, and fescue—forb meadow steppes.

Tanacetum ulutavicum Tzvelev (Asteraceae) is a narrow-range endemic of Kazakhstan, known primari-
ly from the Ulytau massif and associated with petrophytic habitats, including rocky outcrops and fissures of
granitic bedrock, where it occurs infrequently. In the Kew Plants of the World Online database, the species is
recognized as an accepted taxon (protologue: [10]). Regional floristic syntheses and checklists of endemics
identify it as a species listed in the Red Data Book of Kazakhstan, making it an anchor species for IPA justi-
fication under Criterion A and a focal target for long-term monitoring of populations and habitats.
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Communities containing T. ulutavicum develop on both gentle (5-10°) and steeper slopes, as well as on
level sections of the undulating piedmont plain covered by a stony mantle. The species occurs singly or in
small groups (sol—sp). Local population patches range from 207 to 1,200 m?, with densities of 0.06—3 indi-
viduals per m2.

The coenoflora of the communities containing T. ulutavicum comprises 82 vascular plant species [10],
with a notable concentration of resource-important and soil-stabilizing taxa typical of petrophytic steppe
phytocenoses.

4. Habitats and geology

The IPA encompasses the rocky Mount Aulietau (789-1,140 m a.s.l.) and adjacent areas of the pied-
mont plain and low uplands. Bedrock outcrops in the form of slabs and gravelly scree cover 10-100 % of the
surveyed surface. Slopes range from 30° to 50° and are characterized by frequent rock exposures and talus
accumulations. Sharply dissected ridgelines are incised by deep, steep-sided ravines that contrast with the
surrounding low upland and gently undulating piedmont relief.

The geological substrate of the IPA consists predominantly of granites subject to intense physical
weathering under temperature fluctuations of up to 80 °C. Lithogenic soils developed on rocky slopes are
shallow and gravelly, providing substrate conditions suitable for petrophytic species (e.g., Artemisia,
Ephedra). The area is characterized by low-mountain chestnut soils (at higher elevations of Ulytau), as well
as light chestnut, weakly developed, and skeletal stony soils [5, 10]. Humus content in the surface horizon
ranges from 1.56 to 3.11 %.

According to the EUNIS habitat classification, the site includes: E1.1 — inland sandy and rocky habi-
tats with sparse vegetation; E1.2 — perennial calcareous grasslands of the steppe zone; FD.1 — habitats
dominated by xerophytic shrubs (Fig. 2) [1, 12].

Figure 2. Habitats within the IPA boundaries

For harmonization with IUCN Habitats v3.1 (for IPA documentation purposes), these habitat types can
be broadly coded as Temperate Grassland / Rocky areas (petrophytic steppes and rocky outcrops) and
Shrubland (xerophytic shrub communities), with subsequent refinement based on detailed field descriptions.

5. Conservation status and threats

The area lies predominantly within the boundaries of Ulytau State National Nature Park (approximately
80 %), which provides a baseline protection regime but does not eliminate localized pressures. The principal
potential threats to the petrophytic steppes and local populations of T. ulutavicum are associated with grazing
pressure, trampling, and recreational use near the settlement and along trails and access routes, as well as
point disturbances of the substrate (including possible engineering works and plant collection).

An important site-specific impact is trampling and vegetation degradation along the trail leading to the
summit of Mount Aulietau and at adjacent viewpoints; visitor flow management and interpretive signage are
therefore recommended.

Preliminary threat coding according to the IUCN-CMP Threats Classification Scheme v3.2 includes:
2.3 Livestock farming & ranching (grazing/trampling); 6.1 Recreational activities (hiking, unregulated recre-
ation); 4.1 Roads & railroads / 4.2 Utility & service lines (in the event of expansion of access routes or
infrastructure).
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6. Ecosystem services

The IPA provides several key ecosystem services:

- erosion control and slope stabilization, contributing to soil retention in rocky landscapes;

- maintenance of grazing resources and forage base, provided that sustainable stocking levels are ob-
served:;

- cultural and recreational services, reflecting the landscape value of Ulytau and its role in education-
al routes;

- scientific and educational functions as a reference site for monitoring rare and endemic steppe
plants of Central Kazakhstan.

7. Justification of IPA status

The TPA “Petrophytic Steppes of Ulytau with Tanacetum ulutavicum” meets several IPA subcriteria:
A3, A4, B2, and B3 (Fig. 3, Table 2).

In accordance with the nationally adapted IPA framework for Kazakhstan and its established applica-
tion (subcriteria A3, A4, B2, B3), the following criteria are justified for this site.

Criterion A: A3 — sites supporting a geographically restricted national endemic (narrow-range taxon),
Tanacetum ulutavicum;

A4 — sites supporting subendemic species, Artemisia semiarida Krasch. and Atraphaxis decipiens
Jaub. & Spach.

Criterion B: B2 — plant communities of high conservation value containing national endemics,
subendemics, and species listed in the Red Data Book of Kazakhstan, including Tanacetum ulutavicum, Ar-
temisia semiarida, Atraphaxis decipiens, Tulipa patens C. Agardh ex Schult. & Schult. f., T.suaveolens
Roth.; B3 — plant communities containing species of cultural and socio-economic importance, including
medicinal plants listed in the annotated inventory of medicinal plants of Kazakhstan [28] (Achillea
millefolium L., Echinops ritro L., Helichrysum arenarium (L.) Moench, Hypericum scabrum L., Juniperus
sabina L., Peucedanum morisonii Besser, Ziziphora clinopodioides Lam., Thymus pannonicus All., Dodartia
orientalis L., Cotoneaster melanocarpus Fisch. ex Blytt.), as well as communities supporting crop wild rela-
tives, particularly species of Allium (A. galanthum Kar. & Kir., A. globosum Bunge, A. lineare L., A. strictum
Schrad., Medicago falcata L., and the genera Agropyron, Festuca, Lolium, and Poa.

Criterion C: was not applied due to the current lack of a formally developed system for identifying
unique or priority habitats in this region. Nevertheless, the petrophytic steppes of the Ulytau low mountains
may reasonably be considered vulnerable habitats. Their vegetation, exposed to anthropogenic pressures
(grazing, infrastructure-related disturbance, recreation), demonstrates slower recovery rates compared with
lowland ecosystems. Species forming these communities typically exhibit relatively low reproductive poten-
tial, determined by local bioclimatic conditions and the characteristics of light chestnut soils in the low-
mountain belt.

Overall, the IPA was delineated as the minimum area sufficient to ensure spatial connectivity while en-
compassing a substantial proportion of the known, compactly distributed occurrences of Tanacetum
ulutavicum within the surveyed portion of the Ulytau low-mountain massif. The combination of a narrow-
range endemic, additional nationally protected species, high floristic richness of petrophytic steppe commu-
nities, and the inherent vulnerability of rocky habitats establishes this territory as a priority for monitoring
and targeted conservation management, even under the existing national park designation (Table 3).

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 129



Zh.S. Izbassarova, L.A. Dimeyeva, A.V. Dubynin

C

Figure 3. Examples of key species within the IPA boundaries
(photographer and license indicated in parentheses for non-commercial use):
A — Tanacetum ulutavicum (V. Epiktetov, CC BY-NC 4.0); B — Tulipa patens (S. Lednev, CC BY-NC 4.0);
C — Atraphaxis decipiens (V. Epiktetov, CC BY-NC 4.0); D — Alliumgalanthum (L. Dimeyeva, CC BY-NC 4.0)

Table 2
Priority species (Criteria A and B)
Taxon / criteria, Compliance with Criterion A: For compllan_ce V.V'th Importance
subcriteria The IPA contains ... the KBA Cm_ena’ /
the site contains ... Occurrence
>1% >5%na- | 10D >10% : Socio-
; best Entire global .
Taxon A B globa_l tlonal_popu- national globa_l population _conomic
population lation . population importance
(yes/no) (yes/no) sites (yes/no) (yes/no) (yes/no)
(yes/no)
Tanacetum A3 B | Yes Yes Yes Yes No No
ulutavicum 2
Artemisia Ad B | No No Yes No No Yes
semiarida 2
Atraphaxis Ad B | No No Yes No No No
decipiens 2
Tulipa patens | - B | No No No No No No
2
Tulipa - B | No No No No No No
suaveolens 2
Achillea - B | No No No No No No
millefolium 3
Allium - B | No No Yes No No No
galanthum 3
Artemisia - B | No No No No No No
juncea 3
Cotoneaster - B | No No No No No No
melanocarpus 3
Dodartia - B | No No No No No No
orientalis 3
Echinops - B | No No No No No No
ritro 3
Helichrysum | - B | No No No No No No
arenarium 3
Hypericum - B | No No No No No No
scabrum 3
Juniperus - B | No No No No No No
sabina 3
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Continuation of Table 2

Taxon / criteria, Compliance with Criterion A: For compllan_ce V.V'th Importance
N . the KBA criteria, /
subcriteria The IPA contains ... . .
the site contains ... Occurrence
>1% >5 % na- 1 of 5 best >10% Entire Socio-
T global tional national global pop- global economic
axon B - . . . . .
population | population sites ulation population | importance
(yes/no) (yes/no) (yes/no) (yes/no) (yes/no) (yes/no)
Peucedanum B3 No No No No No No
morisonii
Thymus - | B3 No No No No No No
pannonicus
Z|_2|phorff1 . - B3 No No No No No No
clinopodioides
Table 3

Relationship with existing protected areas

Name
Ulytau

Area overlap (%)
~80 %

Protected area type
State National Nature Park

Relationship with IPA
Partial overlap

8. Assessors and affiliations:
Zh.S. Izbassarova — Kazakh National Agrarian Research University (izbassarovazhanar@gmail.com),
L.A. Dimeyeva, A.V. Dubynin — Institute of Botany and Phytointroduction.

9. Recommendations for conservation management and monitoring

To ensure the long-term conservation of the petrophytic steppes of Ulytau and the core localities of
Tanacetum ulutavicum, the following priority management actions are proposed:

— formally delineate and approve IPA boundaries in GIS (two sites) and ensure inclusion in the national
IPA registry;

— develop, in cooperation with Ulytau State National Nature Park, a long-term monitoring program for
T. ulutavicum, including annual (seasonal) population censuses, assessment of population structure, habitat
condition monitoring, documentation of anthropogenic impacts, and analysis of interannual trends;

— regulate grazing pressure within sensitive habitats and population loci of rare species, with temporary
grazing restrictions during critical periods if necessary;

— restrict construction and other economic activities within IPA boundaries, prioritizing the preservation
of rocky substrates and prevention of erosion;

— install informational materials along main routes, including the trail to Mount Aulietau, and imple-
ment measures to reduce trampling (marked trails, visitor routing, localized protective barriers).

Conclusion

The TPA “Petrophytic Steppes of Ulytau with Tanacetum ulutavicum” represents a compact yet highly
valuable complex of petrophytic and dry-steppe habitats within the low-mountain zone, supporting the per-
sistence of the narrow-range endemic Tanacetum ulutavicum and maintaining regional floristic diversity. The
site clearly meets the Kazakhstan-adapted IPA subcriteria A3, A4, B2, and B3.

Despite its location within the protected boundaries of Ulytau State National Nature Park, key practical
priorities include formal recognition of IPA boundaries, regulation of grazing and recreational impacts, and
the establishment of long-term monitoring of focal populations and habitats.

Designation of the IPA within the structure of Ulytau National Park will enable a more targeted and sci-
entifically grounded model of plant conservation, ensuring the protection of rare and endemic taxa, mainte-
nance of essential ecosystem functions, and improved effectiveness of regional conservation strategies
through strengthened protection measures and the implementation of regular research, monitoring, and adap-
tive management.
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XK.C. Uzbacapona, JI.A. Ilumeesa, A.B. [IyObiHuH

«Tanacetum ulutavicum ecetin YabiTay merpouTTi Aajgaaapbn
Heri3ri oorannkaabik aymak (Opraabik Kazakcran):
AHBIKTAaY Heri3eMeci :kdHe KOPFay »KOHiH/1eri YChIHbICTAP

¥naeiTay amaca Tayabl MaccuBinmeri (¥uabitay o6umbicsl, Kasakcran) 2025 >KbUIFBl Janaiblk 3epTTeyiep
HOTIDKECiHe cyieHne oTeIpein, «Tanacetum ulutavicum ecemin ¥isitay meTpoduTTi mamamape» Herisri
0OTaHMKAJIBIK ayMarblH aHbIKTAy Heri3neinai. AyMak eKi y4acTKeHi KaMTHIbI, Kanmbl aynansl 1372 rekrap
(557 xome 815 rekrap). Kemmrimiri «¥meiTay» MemiekeTTik YITTHIK Taburu mapkiHig (MY¥TII)
IIeKapachlHAa OpHAJlAaCKaH oHe TeHi3 neHreilinen S508-1140 M OwuikTikTe TacThl cyOcTpaTTapaarsl
neTpoGUTTI KaybIMIACTBIKTApAbIH MO3aMKachlH KaMTHAbl. KOprayIblH HeTi3ri HbICaHaChbl — Tac jKepmeri
sugemuk Tanacetum ulutavicum Tzvelev (Kasaxcranabi Ke3bun kiTaGbr). O jKeprimikTi MOMYIISIUSIIBIK
yuackenepai 207—1200 m? keseminae Kypaiiapel, TeiFbprbl 0,06-3 nana/m2. Tanacetum ulutavicum Tzvelev
OCETIH OCIMIIIK KaybIMIACTHIKTAPHl (IOpANBIK OaiibIFbIMEH (82 TaMBIPIBI OCIMAIK TYpi) KoHE OipKarap
CHPEK KEe3/IeCeTiH JXoHe aMaKThIK MaHbBI3/Ibl TYpJepIi Koca alFaHna, KOpFayFa KaThICTBI TAKCOHIAPIBIH
HIOFBIPJIAaHYBIMEH cHmarTanaabl. AyMakThlH Kazakcranra OeiiMaenreH HEri3ri OOTaHWKANBIK ayMak Kilii
KpuTepuitnepine coiikectiri monenaenai: A3 xoHe A4 (3HIEMHKAIBIK JXOHE CyO0IHISMHUKAIBIK TYpPICPIiH
MeKeHzey oprachl), B2 xoHe B3 (5KoFapbl KOpFalaThIH JKOHE OJICYMETTIK-3KOHOMHKAIIBIK KYHIBUIBIFBI 6ap
TYpJIepAiH KaybIMIAcThIKTapsl). Herisri kayinTep — JKaWbUIBIMABIK JKYKTEMe, JKEpHAiH TamTamlysbl,
YHBIMAACTHIPEIIIMAFaH JEMAJIbIC, COH/AM-aK COKIIAaKTap MEH Kipebepic »oJmapblH KaHBIHIAFbI JKePTiTiKTI
cyOcTparThlH Oy3butybIMeH OaitmansicTel. Illexapamapaer [AXK koHe Herisri OOTaHUKAJBIK ayMarbIHBIH
tizimimiage Tipkey, T. ulutavicum momymsIMSCHIH y3aK Mep3imMIi  0akpuiay, JKAMBUIBIMIBIK SKOHE
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peKpealMsuIbIK aFbIHAApIbl PETTEY JKOHEe OarblTTap OOMBIHIIA aKmapaTThl KOJJAay YIIiH 0Oackapy >KoHe
MOHHUTOPHHT IIapanapbl YCHIHBUIIHI.

Kinm ce30ep: ¥npiTay, Herisri OOTaHHKAIBIK ayMak, HNETPOQUTTI Aananap, SHAESMHUKAIBIK ©CIMAIKTEp,
Tanacetum ulutavicum, dsopansr kopray, «¥usitay» MY TII.

XK.C. U3bacapona, JI.A. lumeesa, A.B. [lyObiauH

KuaroueBas 6orannueckasi reppuropusi «IlerpodpurHbie crenu YabiTay
¢ Tanacetum ulutavicum» (LlenTpaabubiii Ka3zaxcran):
000CHOBaHUeE Bbl/leJICHUS M PeKOMEH/IalliM 110 OXpPaHe

Ilo urtoram moneBbIx uccienoBanuii 2025 roga B HU3KOTOpPHOM MaccuBe YibiTay (YibITayckas o0jacTh,
Kazaxcran) o6ocHOBaHO BhIIeneHHe KioueBoil Ooranmdeckoit tepputopun (KBT) «IlerpodurHble crenn
Vierray ¢ Tanacetum ulutavicumy. Teppuropust BKIIFOYaeT JBa ydactka oOuei miomansto 1372 ra (557 u
815 ra), OoxpIas yacTh KOTOPOH HaXOQWTCS B IpaHUNaX ['0CyaapCTBEHHOTO HAMOHAIBLHOTO MPUPOJHOTO
napka (I'HIIIT) «Yasrtay», B BeicoTHOM nuana3one 508—1140 M Hax y.M. H 0XBaTBIBAa€T MO3AaUKY IETPOPHT-
HBIX COOOIIECTB Ha KaMEHUCTHIX cyOcTparax. KimoueBsIM 00BbEKTOM OXpaHBI SIBISETCS y3KOJIOKAIBHEINA JH-
nemuk Tanacetum ulutavicum Tzvelev (Kpacuast kaura Kaszaxcrana), 00pa3yronuii JOKaJIbHbIE MOMYJISIU-
OHHBIC TIsITHA TWIoMa b0 207—-1200 M? mpu wiotHocTH 0,063 3K3./M2. PacTuTenbHBIC COOOIIECTBA C yYacTH-
€M IKMBI YJIBITABCKOW XapaKTEePU3YIOTCS 3HAYUTENbHBIM (QIopHcTHYeCKHM OoraTcTBoM (82 BHIa cocynu-
CTBIX PAacTeHHUil) U KOHLEHTpPAlNeH 3HAYNMbIX JJISI OXPaHbl TAKCOHOB, BKIFOUAs S PEIKUX U PETHOHAIBHO
BaKHBIX BHAOB. 11 TeppuTOpHE 000CHOBAaHO COOTBETCTBHE aJanTHPOBaHHBIM Uil Ka3axcraHa mojakpure-
puwsim KBT A3 u A4 (MecTooOUTaHKS SHIEMUYHBIX U CYOIHIEMUYHBIX BUIOB), B2 u B3 (coobmecTBa BUIoB
BBICOKOH HPUPOJIOOXPAHHON M COLMAIEHO-O9KOHOMHYECKOH IeHHOCTH). OCHOBHBIE yrposkaroniue (HhaxTopbl
CBSI3aHBI C MACTOUIIHON HArPy3KOU, BHITANITHIBAHUEM M HEOPTaHH30BAaHHOM pEeKpeanueii, a TakKe JIOKaJIbHbI-
MH HapyIIeHUsIMU cyOcTpaTa BOJIM3H TPOI M NOABE3HBIX JOpor. [IpeoxkeHs! Mepsl IO YIPaBISHUIO U MO-
HutopuHry: ¢ukcanus rpanun B [MC u peectpe KBT, monroBpeMeHHBI MOHUTOPHHT MOMyasSmuid T.
ulutavicum, periameHTalusi BbIIaca W PEKPEALMOHHBIX MMOTOKOB, MH()OPMAIMOHHOE COMPOBOXACHHE HA

MapupyTax.

Kniouesvie crosa: Ympitay; xmodeBas 6oranndeckas tepputopus (KBT/IPA); nerpoduTHbIE cTEmy; SHAEMU-
ku; Tanacetum ulutavicum; oxpana ¢uopsr; THIIIT «Yibiray».
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Wild-Growing Species of the Genus Ribes L.
in Central Kazakhstan: Bioecological Characteristics

The genus Ribes L.(Grossulariaceae) comprises humerous species of ecological, nutritional, and medicinal
importance that are widely distributed across temperate regions of the Northern Hemisphere. Central Kazakh-
stan represents a biogeographically complex area characterized by diverse landscapes and heterogeneous en-
vironmental conditions; however, information on wild-growing Ribes species in this region remains frag-
mented and insufficiently systematized. This review aims to synthesize and critically evaluate the available
literature on the bioecological characteristics, phytochemical composition, and research prospects of wild
Ribes species occurring in Central Kazakhstan, with particular focus on Ribes aciculare Pall., Ribes
nigrum L., and representatives of the Ribes saxatile species complex. The review is based on an analysis of
regional floristic sources, ecological studies, and phytochemical investigations published in international and
regional scientific journals. Data on species distribution, habitat preferences, phenology, and ecological adap-
tations are summarized, together with information on major groups of bioactive compounds, including
anthocyanins, flavonoids, proanthocyanidins, organic acids, and vitamins. Most phytochemical studies of the
genus Ribes have focused on Ribes nigrum, which remains the best-studied species. In contrast, information
on other wild Ribes taxa remains limited and scattered across different publications, making comprehensive
evaluation difficult. Taxonomic uncertainties within the Ribes saxatile species complex further complicate re-
gional research and highlight the importance of accurate species identification. The existing literature also re-
veals several important gaps, particularly regarding region-specific phytochemical characteristics, ecological
variation among natural populations, and the influence of environmental factors on secondary metabolite ac-
cumulation. Further research integrating bioecological and phytochemical approaches is necessary to better
understand wild Ribes diversity and support the sustainable use of these species in Central Kazakhstan.

Keywords: Ribes L.; Central Kazakhstan; bioecology; phytochemical composition; currants; medicinal plants,
wild-growing species.

Introduction

The genus Ribes L., belonging to the family Grossulariaceae, comprises approximately 150-200 species
distributed predominantly across the temperate and boreal regions of the Northern Hemisphere (Rehder,
1940; Takhtajan, 1986; Hummer & Barney, 2002). Species of this genus, commonly referred to as currants
and gooseberries, are widely recognized as valuable biological resources due to their ecological significance,
nutritional properties, and medicinal potential. Both wild and cultivated representatives of Ribes play an im-
portant role in natural ecosystems and agroecosystems, serving as components of forest understories, shrub
communities, and ecotones, as well as sources of food for wildlife and humans (Brennan, 2008; Izteleuova
et al., 2025).

From a biochemical and nutritional perspective, Ribes species are distinguished by their high content of
biologically active compounds. Fruits and leaves contain diverse groups of secondary metabolites, including
anthocyanins, flavonoids, proanthocyanidins, phenolic acids, vitamins (particularly vitamin C), organic ac-
ids, and polysaccharides, many of which exhibit pronounced antioxidant, anti-inflammatory, antimicrobial,
and other health-promoting activities (Koponen et al., 2007; Dobson et al., 2012; Kriiger& Dietrich, 2018;
Izteleuova et al., 2025). Among the genus, Ribes nigrum L. has been studied most intensively, owing to its
widespread cultivation and established use in food, pharmaceutical, and nutraceutical industries (Nour et al.,
2011; Boda et al., 2025). In contrast, the phytochemical composition and biological properties of many wild-
growing Ribes species remain poorly characterized, particularly in regions where these taxa occur exclusive-
ly or predominantly in natural habitats [1].
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Central Kazakhstan represents a biogeographically complex and environmentally heterogeneous region,
encompassing steppe, forest-steppe, and low- to mid-mountain ecosystems with pronounced continental cli-
matic conditions. The region is characterized by strong seasonal temperature fluctuations, variable precipita-
tion, and a mosaic distribution of habitats, including rocky slopes, river valleys, forest “islands”, and moist
microhabitats within predominantly arid landscapes (Takhtajan, 1986; Sagdullaev & Ishmuratova, 2016).
Such environmental heterogeneity creates favorable conditions for the persistence of relict, boreal, and
mesophilous plant species, including representatives of the genus Ribes. However, despite the availability of
regional floristic works, information on the ecology, distribution, and biological characteristics of wild Ribes
species in Central Kazakhstan remains scattered and has not been comprehensively synthesized.

According to available floristic and regional botanical sources, several wild-growing Ribes taxa occur
in Central Kazakhstan, including Ribes aciculare Pall., Ribes nigrum L., and representatives of the Ribes
saxatile species complex (Sagdullaev & Ishmuratova, 2016; Bai et al., 2025). These taxa differ in ecological
preferences, habitat requirements, and morphological traits, while also presenting taxonomic challenges due
to synonymy, overlapping diagnostic characters, and varying species concepts adopted by different authors.
In particular, the R. saxatile complex has been treated inconsistently in the literature, with related taxa such
as R. diacantha Pall., R. petraesumauct. non Wulfen, and R. rubrum var. saxatile being interpreted either as
distinct species or as intraspecific variants, depending on regional and taxonomic approaches (Rehder, 1940;
Pikunova et al., 2022; Zhao et al., 2025) [2].

Despite the growing global interest in Ribes species as sources of functional foods and
phytopharmaceuticals, most phytochemical and pharmacological studies are based on cultivated material or
populations from Western and Eastern Europe, East Asia, and North America (Osmianski&Wojdyto, 2009;
McDougall & Stewart, 2005; Minasyan et al., 2025). Consequently, there is a notable lack of data on wild-
growing populations from Central Asia, including Central Kazakhstan, where environmental stress factors
such as drought, temperature extremes, and edaphic heterogeneity may significantly influence both
bioecological traits and secondary metabolite profiles. Understanding these relationships is essential for as-
sessing the adaptive potential of wild Ribes species, their value as genetic resources, and their prospects for
conservation and sustainable use.

The aim of the present review is to synthesize and critically analyze available literature on the wild-
growing species of the genus Ribes in Central Kazakhstan, with a focus on their bioecological characteristics,
phytochemical composition, and research perspectives. Specifically, this review addresses (i) the taxonomic
status and species composition of Ribes in the region; (ii) patterns of distribution, habitat preferences, and
key bioecological traits; (iii) the current state of knowledge on phytochemical constituents and reported bio-
logical activities; and (iv) existing gaps in research and future directions for integrated ecological, phyto-
chemical, and conservation-oriented studies (Fig. 1).
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Figure 1. Appearance of blackcurrant populations (Karaganda Region)

Experimental

2. Materials and Methods

2.1. Literature Search Strategy

This review is based on an analysis of scientific publications devoted to wild-growing species of the
genus Ribes L., with particular attention to taxa recorded in Central Kazakhstan. Relevant literature was
identified through searches in major international databases, including Scopus, Web of Science, PubMed,
Google Scholar, and ScienceDirect, as well as in regional botanical publications and national scientific
sources.

Additional relevant publications were identified through manual screening of reference lists from key
review articles and floristic monographs (Rehder, 1940; Takhtajan, 1986; Sagdullaev & Ishmuratova, 2016;
Izteleuova et al., 2025) [3].

Search queries were constructed using combinations of keywords such as “Ribes”, “wild species”,
“bioecology”, “phytochemistry”, “anthocyanins”, “phenolic compounds”, “Central Kazakhstan”, “Species
distribution”, and “Grossulariaceae”. Both English- and Russian-language publications were considered in
order to capture regional floristic and ecological studies that are often underrepresented in international data-
bases. The primary time frame of the literature search covered publications from 1990 to 2025, while earlier
classical taxonomic and floristic works were included where necessary to clarify species concepts and no-
menclature (Rehder, 1940; Flora of Kazakhstan Editorial Board, 1961-1975).

2.2. Inclusion and Exclusion Criteria

Publications were included in the review if they met one or more of the following criteria: (i) provided
data on the distribution, ecology, or bioecological characteristics of Ribes species occurring in Central Ka-
zakhstan or adjacent regions with comparable environmental conditions; (ii) reported phytochemical compo-
sition or biological activity of Ribes species, particularly Ribes nigrum, Ribesaciculare, or taxa related to the
Ribes saxatile species complex; (iii) addressed taxonomic, systematic, or genetic aspects relevant to species
delimitation within the genus Ribes.

Priority was given to studies focusing on wild-growing populations rather than cultivated material, es-
pecially when discussing ecological traits, habitat preferences, and natural variability. Experimental and ana-
Iytical studies based on cultivated varieties were included only when data on wild populations were unavail-
able or when such studies provided essential background information on phytochemical classes or biological
activities characteristic of the genus (Dobson et al., 2012; Kriiger & Dietrich, 2018; Izteleuova et al., 2025).

Publications were excluded if they:

(i) focused exclusively on unrelated genera or species not taxonomically associated with Ribes; (ii) ad-
dressed only agronomic practices or commercial cultivation without relevance to wild taxa; (iii) lacked suffi-
cient methodological detail or clear taxonomic identification of the studied material [4].
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2.3. Data Extraction and Synthesis

Relevant information was extracted from selected publications and systematically organized into the-
matic categories corresponding to the objectives of the review. Data on species distribution, habitat charac-
teristics, phenology, life forms, and ecological adaptations were summarized to provide an integrated over-
view of bioecological traits. Phytochemical data were grouped according to major classes of compounds,
including phenolic compounds, anthocyanins, flavonoids, proanthocyanidins, vitamins, organic acids, and
volatile constituents, with particular emphasis on compounds reported consistently across multiple studies
(Koponen et al., 2007; Oszmianski & Wojdyto, 2009; Nour et al., 2011).

Where available, information on analytical methods (e.g., HPLC-DAD, LC-MS/MS, GC-MS) was rec-
orded to facilitate comparison between studies and to assess the reliability and comparability of reported re-
sults (Lee et al., 2005; Prior et al., 2005). Biological and pharmacological activities were evaluated qualita-
tively based on experimental models, target systems, and reported effect sizes, without extrapolation beyond
the evidence provided in the original sources (Mc Dougall & Stewart, 2005; Minasyan et al., 2025).

The synthesized data were subsequently used to identify patterns, knowledge gaps, and inconsistencies
in the current literature, forming the basis for the discussion of research perspectives and future directions
presented in later sections of this review [5].

3. Taxonomic Notes and Species Concept

The genus Ribes L. is traditionally placed in the family Grossulariaceae, which is widely recognized as
a distinct taxonomic unit within the order Saxifragales (Rehder, 1940; Takhtajan, 1986). Representatives of
Ribes are deciduous shrubs characterized by palmately lobed leaves, racemose or solitary inflorescences, in-
ferior ovaries, and berry-type fruits. The genus includes both currants and gooseberries and is distributed
predominantly in temperate and boreal regions of the Northern Hemisphere, with centers of diversity in Eur-
asia and North America (Hummer & Barney, 2002; Brennan, 2008).

Historically, the taxonomic circumscription of Ribes has been subject to debate, particularly regarding
its relationship with the genus Grossularia Mill. In older classifications, gooseberries were often treated as a
separate genus (Grossularia), based primarily on morphological characters such as the presence of spines
and differences in inflorescence structure (Rehder, 1940). However, most modern taxonomic treatments in-
corporate Grossularia within Ribes, recognizing these taxa as part of a single, morphologically variable ge-
nus supported by anatomical, cytological, and molecular evidence (Graham et al., 1996; Hummer & Barney,
2002; Pikunova et al., 2022). In the present review, Ribes is treated in this broadly accepted sense (Ribes
sensulato), in accordance with contemporary floristic and systematic sources.

Within the genus, species delimitation remains problematic for several taxonomic groups, particularly
those characterized by high morphological plasticity and overlapping diagnostic features. One of the most
challenging groups is the Ribes saxatile species complex, which has been interpreted differently by various
authors depending on geographic region and taxonomic tradition. In the literature, taxa such as Ribes saxatile
Pall., Ribes diacantha Pall., Ribes petraeumauct. non Wulfen, and Ribes rubrum var. saxatile have been
treated either as distinct species, subspecies, or intraspecific variants (Rehder, 1940; Flora of Kazakhstan
Editorial Board, 1961-1975; Pikunova et al., 2022; Zhao et al., 2025) [6].

The name Ribes petraeum has frequently been applied in a broad and sometimes incorrect sense (auct.
Non Waulfen) to rocky or montane forms of Ribes with reduced leaf size and compact growth habit. Such us-
age has contributed to taxonomic ambiguity, particularly in regional floras, where morphological variation
may reflect ecological adaptation rather than clear species-level differentiation. Similarly, Ribes diacantha
Pall. has been variably regarded as an independent species or remember its treatment as part of the R.
saxatile aggregate, depending on the diagnostic weight assigned to spine development, inflorescence struc-
ture, and fruit characteristics (Rehder, 1940; Flora of Kazakhstan Editorial Board, 1961-1975).

Molecular and population-level studies conducted on Ribes in other regions have demonstrated that
morphological traits traditionally used for species delimitation may exhibit considerable plasticity under var-
ying environmental conditions (Graham et al., 1996; Palmieri et al., 2009; Pikunova et al., 2022). These find-
ings support the view that the R. saxatile group represents a species complex rather than a set of clearly iso-
lated taxa, particularly in ecologically heterogeneous regions. However, comparable genetic and integrative
taxonomic studies are currently lacking for populations occurring in Central Kazakhstan, limiting the possi-
bility of definitive taxonomic conclusions for this region [7].

In floristic treatments of Central Kazakhstan, including regional monographs and checklists, the pres-
ence of Ribes aciculare Pall., Ribes nigrum L., and taxa attributed to the Ribes saxatile group has been con-
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sistently reported, although the taxonomic interpretation of the latter varies among sources (Sagdullaev &
Ishmuratova, 2016; Bai et al., 2025). To avoid taxonomic overinterpretation and to maintain consistency
with available data, the present review adopts a conservative approach and refers to these taxa collectively as
the Ribes saxatile complex (sensulato) when discussing distribution, ecology, and phytochemical data in
Central Kazakhstan.

Such an approach allows for the integration of heterogeneous literature sources while acknowledging
existing uncertainties in species delimitation. At the same time, it highlights the need for future integrative
studies combining detailed morphological analysis, molecular markers, and ecological data to clarify the tax-
onomic status of Ribes taxa in Central Kazakhstan and adjacent regions [8].

4. Study Area: Central Kazakhstan

Central Kazakhstan represents a distinct natural-geographical region located in the central part of the
Republic of Kazakhstan and largely corresponding to the territory of the Kazakh Uplands (Saryarka). The
region is characterized by a complex geological history and a pronounced heterogeneity of landscapes, form-
ing a mosaic of steppe plains, low mountain ranges, rocky massifs, intermontane depressions, and river val-
leys. Such landscape diversity plays a key role in shaping the floristic composition and ecological differen-
tiation of plant communities, including habitats suitable for wild-growing species of the genus Ribes
(Takhtajan, 1986; Sagdullaev&Ishmuratova, 2016).

The climate of Central Kazakhstan is sharply continental, with cold winters, hot and dry summers, and
high interannual variability in temperature and precipitation. Mean annual air temperatures are generally low,
while seasonal amplitudes may exceed 3540 °C. Precipitation is unevenly distributed throughout the year
and across the region, with annual totals typically ranging from 200 to 350 mm, increasing locally in moun-
tainous and foothill areas (Takhtajan, 1986). These climatic conditions impose significant constraints on
vegetation development and favor the formation of drought-tolerant steppe communities, interspersed with
mesophilous vegetation in ecologically favorable microhabitats [9].

Vegetation cover in Central Kazakhstan is dominated by steppe and dry steppe ecosystems; however,
forested areas occur as isolated “islands” within mountainous regions and along river valleys. These forest
and shrub communities are often confined to north-facing slopes, shaded ravines, rocky outcrops, and zones
with increased soil moisture availability. Such microhabitats provide refugial conditions for mesophilous
shrub species, including representatives of Ribes, which are otherwise unable to persist in the open steppe
under arid climatic conditions (Sagdullaev & Ishmuratova, 2016).

Soil cover in the region is similarly heterogeneous, ranging from chestnut and dark chestnut soils in
steppe zones to mountain meadow, forest, and skeletal soils on rocky slopes and uplands. River valleys and
temporary watercourses create localized zones of increased soil moisture and nutrient availability, supporting
riparian and shrub vegetation. These edaphic factors, in combination with topography and microclimate, are
critical determinants of the distribution and persistence of wild Ribes populations in Central Kazakhstan
(Flora of Kazakhstan Editorial Board, 1961-1975; Sagdullaev & Ishmuratova, 2016) [10].

5. Distribution and Habitat Preferences of Central Kazakhstan Ribes

The distribution of wild Ribes species in Central Kazakhstan is closely related to the strong environ-
mental contrasts characteristic of the region. Although the landscape is dominated by arid steppe ecosystems,
these plants tend to occur in localized habitats where moisture conditions are relatively more favorable for
mesophilous vegetation. According to regional floristic treatments and botanical surveys, representatives of
the genus Ribes occur sporadically and are confined to ecologically favorable sites, rather than being contin-
uously distributed across the region (Flora of Kazakhstan Editorial Board, 1961-1975; Sagdullaev &
Ishmuratova, 2016) [11].

Available data indicate that Ribes aciculare Pall., Ribes nigrum L., and taxa attributed to the Ribes
saxatile complex are primarily associated with mountainous and submontane areas of Central Kazakhstan,
including the Ulytau mountain system and adjacent uplands. These species are typically recorded in shaded
ravines, moist rocky slopes, forested valleys, and along permanent or temporary watercourses, where soil
moisture availability is higher and microclimatic conditions are less extreme than in surrounding open steppe
areas (Sagdullaev & Ishmuratova, 2016; Bai et al., 2025).

Habitat preferences of Ribes species in the region reflect their general ecological requirements for mod-
erate moisture, partial shading, and protection from extreme temperature fluctuations. North-facing slopes,
narrow gorges, and rock fissures provide refugial conditions that reduce evapotranspiration and buffer
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against summer heat and winter cold. In such habitats, Ribes shrubs often occur as components of shrub—
herbaceous communities or forest undergrowth, rather than forming dense or extensive populations (Flora of
Kazakhstan Editorial Board, 1961-1975).

Edaphic conditions also play a critical role in shaping the distribution of Ribes species. In Central Ka-
zakhstan, these taxa are most frequently associated with well-drained but moisture-retentive soils, including
mountain meadow soils, forest soils, and skeletal substrates enriched with organic matter in rock crevices
and slope accumulations. In riparian habitats, Ribes may occur on alluvial soils with periodic moisture sup-
ply, particularly along small streams and seasonal watercourses (Sagdullaev & Ishmuratova, 2016) [12].

Altitude represents an additional factor influencing the occurrence of Ribes species in the region. Alt-
hough precise altitudinal ranges are not consistently reported in the literature, available observations suggest
that wild Ribes populations in Central Kazakhstan are mainly confined to low- and mid-mountain belts,
where climatic conditions are comparatively milder and precipitation levels are slightly higher than in sur-
rounding plains (Takhtajan, 1986; Bai et al., 2025). The absence or rarity of Ribes species in lowland steppe
areas underscores their limited tolerance to prolonged drought and high summer temperatures.

Overall, the distribution pattern of Ribes species in Central Kazakhstan can be characterized as frag-
mented and habitat-dependent, shaped by the presence of localized mesic microhabitats within a broader arid
matrix. This spatial fragmentation has important implications for population structure, regeneration dynam-
ics, and genetic diversity, as well as for the conservation and sustainable use of wild Ribes resources in the
region. The observed habitat specificity also suggests that environmental factors may significantly influence
bioecological traits and phytochemical profiles of wild-growing Ribes populations, a topic that warrants fur-
ther investigation in subsequent sections of this review (Table 1).

Table 1

Wild-growing Ribes species reported for Central Kazakhstan and their main habitat characteristics

Accepted Habitat type . N
Species species / in Central . Typlca_l A|t|_tud|nal Fange | Main sources
; microhabitats (if reported)
taxonomic note Kazakhstan
Shaded rock Flora of Kazakh-
. . Mountain slopes, <y Low-mid moun- |stan (1961-1975);
Ribes aciculare  |Accepted slopes, moist gul- |, ~:
. forest edges, rocky |} tain belt (not con- |Sagdullaev &
Pall. species : lies, forest under- | .
ravines stor sistently reported) |Ishmuratova
y (2016)
Flora of Kazakh-
N . stan (1961-1975);
. . Accepted Rlp_arlan forests, Rlverbanks,_ stream Low-midmountain |Sagdullaev &
Ribes nigrum L. . moist valleys, shrub |valleys, moist for-
species communities est marains belt Ishmuratova
g (2016); Bai et al.
(2025)
Species complex
(incl. Rehder (1940);
R. diacantha, Rock crevices Flora of Kazakh-
Ribes saxatile R. petr aeum Rocky slopes, moun- north-facin ’ Mainly stan (1961-1975);
Pall. s.1. auct. non tains hrublands slones scre%s mountainbelt Pikunova et al.
Waulfen, Pes, (2022); Bai et al.
R. rubrum var. (2025)
saxatile)
Note.

1. Habitat descriptions are summarized from regional floristic sources; detailed quantitative ecological data are limited for
Central Kazakhstan.

2. The Ribes saxatile group is treated here as a species complex (sensulato) due to taxonomic inconsistencies among sources.

3. Altitudinal ranges are reported only when explicitly mentioned in the literature.

6. Bioecological Characteristics of Wild-Growing Ribes Species

Wild-growing species of the genus Ribes in Central Kazakhstan exhibit a range of bioecological traits
that reflect their adaptation to heterogeneous and often stressful environmental conditions. These traits in-
clude life form characteristics, phenological patterns, reproductive strategies, mechanisms of seed dispersal
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and regeneration, as well as responses to limiting environmental and anthropogenic factors. Available infor-
mation on these aspects is derived mainly from regional floristic accounts and general ecological studies,
while species-specific quantitative data remain limited for the region (Flora of Kazakhstan Editorial Board,
1961-1975; Sagdullaev & Ishmuratova, 2016) [13].

6.1. Life Forms and Population Traits

All wild Ribes species reported from Central Kazakhstan are perennial deciduous shrubs. They typically
form multi-stemmed bushes with well-developed root systems, allowing them to persist in rocky substrates,
shallow soils, and periodically dry habitats. Plant height and crown architecture vary depending on species,
habitat conditions, and moisture availability. In shaded and relatively moist microhabitats, individuals may
attain greater height and biomass, whereas in exposed rocky sites plants often exhibit reduced stature and
compact growth forms (Rehder, 1940; Flora of Kazakhstan Editorial Board, 1961-1975).

Populations of wild Ribes in the region are generally sparse and spatially fragmented, reflecting the
patchy distribution of suitable habitats. Dense, continuous stands are uncommon; instead, plants occur as
isolated individuals or small groups within shrub—herbaceous or forest communities. Such population struc-
ture may limit gene flow and regeneration potential, particularly under increasing anthropogenic pressure
(Sagdullaev & Ishmuratova, 2016) [14].

6.2. Phenology

Phenological development of Ribes species in Central Kazakhstan follows a pronounced seasonal pat-
tern typical of continental climates. Flowering usually occurs in spring to early summer, shortly after leaf
emergence, while fruit ripening takes place in mid to late summer. The exact timing of phenological phases
varies depending on altitude, slope exposure, and local microclimatic conditions. North-facing slopes and
shaded valleys often exhibit delayed flowering and fruiting compared to more exposed sites (Flora of Ka-
zakhstan Editorial Board, 1961-1975). Interannual variability in temperature and precipitation may further
influence phenological timing, potentially affecting reproductive success and fruit yield in wild populations.

6.3. Seed Dispersal and Regeneration

The fruits of Ribes species are fleshy berries, which indicate that their seeds are most likely dispersed
by animals, mainly birds and mammals. This type of dispersal can help the plants spread to suitable micro-
habitats and may also support gene flow between populations that are otherwise spatially separated. In Cen-
tral Kazakhstan, seedling establishment is likely constrained by moisture availability, soil depth, and compe-
tition with herbaceous vegetation, particularly in steppe-dominated landscapes (Rehder, 1940; Flora of Ka-
zakhstan Editorial Board, 1961-1975).

Regeneration of wild Ribes populations appears to be episodic and dependent on favorable climatic
conditions. Periods of increased precipitation may enhance seed germination and seedling survival, whereas
prolonged droughts can severely limit recruitment. Empirical data on regeneration dynamics in the region are
scarce and largely qualitative [15].

6.4. Limiting Factors

The distribution and viability of wild Ribes populations in Central Kazakhstan may be constrained by a
combination of environmental and human-related factors. Natural limitations include climatic aridity, high
summer temperatures, and low or irregular precipitation. At the same time, anthropogenic pressures such as
grazing, trampling, fire, and local habitat disturbance can further reduce population size and hinder natural
regeneration, particularly in easily accessible mountain valleys and riparian habitats (Sagdullaev &
Ishmuratova, 2016).

Because suitable habitats are often fragmented and spatially limited, even relatively small disturbances
can have significant consequences for small and isolated populations. Under such conditions, maintaining
stable habitats becomes particularly important. These circumstances underline the need for habitat protection
and regular monitoring in order to conserve the genetic resources of wild Ribes species in the region
(Table 2) [16].
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Table 2
Bioecological traits of wild Ribes species recorded in Central Kazakhstan
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1. Phenological periods are generalized based on available regional floristic data; precise timing may vary with altitude and
microclimatic conditions.

2. Data on reproductive biology are largely inferred from studies conducted outside Central Kazakhstan or on cultivated material.

3. The Ribes saxatile group is treated as a species complex (sensulato) due to unresolved taxonomic boundaries.

7. Species Accounts

7.1. Ribesaciculare Pall. Taxonomic and Diagnostic Notes

Ribes aciculare Pall. is a well-recognized species within the genus Ribes, characterized by its spiny
shoots, relatively small leaves with shallow lobation, and compact shrub habit. The species is morphological-
ly adapted to continental and often xeric or semi-xeric environments, which is reflected in its reduced leaf
surface area and the presence of spines that may contribute to protection against herbivory (Rehder, 1940;
Flora of Kazakhstan Editorial Board, 1961-1975). In contrast to some other members of the genus,
R. aciculare exhibits comparatively low morphological plasticity, which facilitates its identification in the
field and in herbarium material.
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Distribution and Habitats in Central Kazakhstan

In Central Kazakhstan, Ribes aciculare is reported primarily from mountainous and upland areas, where
it occurs sporadically in ecologically sheltered sites. According to regional floristic sources, the species is
confined to shaded ravines, rocky slopes, and forest margins, often associated with north-facing exposures
that provide reduced solar radiation and improved moisture retention (Flora of Kazakhstan Editorial Board,
1961-1975; Sagdullaev & Ishmuratova, 2016). The fragmented distribution of R. aciculare reflects the
patchy availability of suitable microhabitats within the predominantly arid steppe matrix of the region [17].

The species is typically encountered in small populations or as isolated individuals rather than forming
continuous stands. Such distribution patterns suggest limited dispersal opportunities and a strong dependence
on local environmental conditions. Similar habitat preferences have been reported for R. aciculare popula-
tions in adjacent regions of Central Asia, supporting the view that the species is ecologically specialized and
sensitive to habitat alteration (Takhtajan, 1986).

Ecological Role and Associated Plant Communities

In Central Kazakhstan, Ribes aciculare usually occurs as part of shrub—herbaceous or forest-edge com-
munities and rarely forms dominant stands. It may co-occur with other shrubs and woody plants adapted to
mesic microhabitats, contributing to structural diversity and providing food resources for wildlife through its
fruits. Although detailed phytosociological studies focusing specifically on R. aciculare are lacking, its pres-
ence in forested ravines and rocky slopes suggests a role in stabilizing soils and supporting local biodiversity
(Sagdullaev & Ishmuratova, 2016).

Conservation Notes

At present, Ribes aciculare is not widely recognized as a threatened species at the national level; how-
ever, its fragmented distribution and dependence on specific microhabitats may render local populations vul-
nerable to environmental change. Potential threats include habitat disturbance, overgrazing, and increased
aridity associated with climate change. Given the limited data on population size, structure, and regeneration
dynamics in Central Kazakhstan, targeted field surveys are required to assess the conservation status of the
species more accurately [18].

7.2. Ribes nigrum L.

Taxonomic and Diagnostic Notes

Ribes nigrum L. (black currant) is one of the most widely recognized and economically important spe-
cies of the genus Ribes. It is characterized by erect to spreading deciduous shrubs, palmately lobed leaves
with glandular dots, racemose inflorescences, and black aromatic berries rich in phenolic compounds [19].
The species shows considerable morphological variability across its range, partly reflecting ecological plas-
ticity and adaptation to different climatic conditions (Rehder, 1940; Hummer & Barney, 2002). Despite ex-
tensive research on cultivated forms, wild-growing populations remain less well documented in many re-
gions, including Central Kazakhstan.

Ecological Role and Associated Plant Communities

In Central Kazakhstan, Ribes nigrum usually occurs as a minor component of riparian and forest-edge
plant communities rather than forming dominant stands. It commonly grows together with other moisture-
demanding shrubs and herbaceous plants. Within these communities, the species contributes to the understo-
rey structure and may play an ecological role by helping stabilize soils and providing food resources for var-
ious wildlife species. The berries are consumed by birds and mammals, facilitating zoochorous seed disper-
sal and potentially enhancing gene flow among fragmented populations (Rehder, 1940; Flora of Kazakhstan
Editorial Board, 1961-1975) [20].

Although R. nigrum rarely forms dense stands in the region, its presence in ecologically sensitive habi-
tats underscores its potential role as an indicator species for mesic microhabitats within arid landscapes. Dis-
turbance of riparian zones and forest fragments may therefore disproportionately affect local populations.

Conservation Notes

At present, Ribes nigrum is not considered a threatened species in Central Kazakhstan; nevertheless,
wild populations may be vulnerable to habitat degradation, hydrological changes, and increasing anthropo-
genic pressure in riparian zones. The fragmented nature of suitable habitats, combined with limited data on
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population size and regeneration, complicates conservation assessment. Protection of moist habitats and for-
est fragments is therefore essential for maintaining wild R. nigrum populations and preserving their potential
value as genetic resources for breeding and adaptation studies (Sagdullaev & Ishmuratova, 2016) [21].

7.3. Ribes saxatile Species Complex (sensulato)

Taxonomic Background and Rationale for the “Species Complex” Concept

The taxon traditionally referred to as Ribes saxatile Pall. represents one of the most taxonomically chal-
lenging groups within the genus Ribes. Across different floristic and systematic treatments, this group has
been variously interpreted as a single polymorphic species, a set of closely related species, or a collection of
intraspecific taxa adapted to rocky and montane habitats (Rehder, 1940; Flora of Kazakhstan Editorial
Board, 1961-1975). Names such as Ribes diacantha Pall., Ribes petraeumauct. non Wulfen, and Ribes
rubrum var. saxatile have frequently been applied to morphologically similar plants, often without consistent
diagnostic criteria [22].

In many cases, the application of these names reflects regional taxonomic traditions rather than clear
biological discontinuities. As a result, the same or closely similar populations may be treated under different
names in different parts of Eurasia. This situation has led to considerable ambiguity in the interpretation of
distributional and ecological data, particularly in regions where detailed taxonomic revisions are lacking.

Treatment of the Ribes saxatile Complex in Central Kazakhstan

In floristic accounts of Central Kazakhstan, including regional monographs and checklists, taxa at-
tributable to the Ribes saxatile group are consistently reported; however, their exact taxonomic circumscrip-
tion varies among sources (Flora of Kazakhstan Editorial Board, 1961-1975; Sagdullaev & Ishmuratova,
2016). Some authors recognize R. saxatile Pall. as a distinct species, while others refer to related forms under
alternative names or treat them as variants within a broader species concept.

Given the absence of integrative taxonomic studies (combining morphology, genetics, and ecology) for
Central Kazakhstan populations, a conservative approach is adopted in the present review [23]. All records
corresponding to this group are therefore treated collectively as the Ribes saxatile species complex
(sensulato), encompassing plants referred to in the literature as R. saxatile Pall., R. diacantha Pall.,
R. petraeumauct. non Wulfen, and R. rubrum var. saxatile. This approach allows for the synthesis of availa-
ble data without imposing potentially unsupported taxonomic decisions.

Distribution and Habitat Preferences

In Central Kazakhstan, representatives of the Ribes saxatile complex are primarily associated with
mountainous and rocky habitats. They are most frequently recorded on rocky slopes, screes, cliff faces, and
north-facing exposures, where shallow soils, reduced competition, and localized moisture retention create
suitable conditions for shrub establishment (Flora of Kazakhstan Editorial Board, 1961-1975; Sagdullaev &
Ishmuratova, 2016) [24].

Reproductive Biology and Regeneration

Information on the reproductive biology of Ribes saxatiles.l. in Central Kazakhstan is extremely lim-
ited. As with other members of the genus, reproduction is presumed to be predominantly sexual, with insect
pollination and zoochorous seed dispersal via fleshy berries. However, direct observations of pollination bi-
ology, seed dispersal agents, and regeneration dynamics are lacking for regional populations (Flora of Ka-
zakhstan Editorial Board, 1961-1975) [25].

The fragmented distribution of suitable rocky habitats suggests that populations may be small and iso-
lated, potentially limiting gene flow and increasing vulnerability to environmental change. At the same time,
the persistence of R. saxatiles.l. in extreme microhabitats indicates a degree of ecological resilience, which
may be of interest for future studies on stress tolerance and adaptation.

Conservation Considerations

Although taxa of the Ribes saxatile complex are not currently recognized as threatened in Central Ka-
zakhstan, their restriction to specialized rocky habitats may increase sensitivity to localized disturbances,
such as mining activities, infrastructure development, and changes in hydrological regimes. The lack of de-
tailed population-level data hampers accurate assessment of conservation status [26].

From a conservation and research perspective, the Ribes saxatile complex represents an important target
for future integrative studies aimed at clarifying species boundaries, assessing genetic diversity, and evaluat-
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ing adaptive traits under continental and montane conditions. Such studies would not only resolve long-
standing taxonomic questions but also contribute to the sustainable management of wild Ribes genetic re-
sources in Central Kazakhstan.

8. Major Compound Classes

Phenolic Compounds

Phenolic compounds represent the dominant class of secondary metabolites in Ribes species. These in-
clude flavonols, flavan-3-ols, proanthocyanidins, and phenolic acids, which contribute significantly to anti-
oxidant capacity and other biological effects (Oszmianski & Wojdyto, 2009; Dobson et al., 2012). In Ribes
nigrum, numerous phenolic constituents have been identified, including derivatives of quercetin, myricetin,
and kaempferol, as demonstrated by chromatographic analyses of fruit and leaf extracts (Koponen et al.,
2007; lIzteleuova et al., 2025) [27].

Anthocyanins

Anthocyanins are particularly abundant in the fruits of Ribes nigrum and represent key phytochemical
markers of the species. The major anthocyanins commonly reported include delphinidin-3-O-rutinoside,
cyanidin-3-O-rutinoside, delphinidin-3-O-glucoside, and cyanidin-3-O-glucoside (Koponen et al., 2007;
Kriiger & Dietrich, 2018). These compounds are largely responsible for the intense coloration of black cur-
rant fruits and their strong antioxidant properties.

Vitamins, Organic Acids, and Sugars

In addition to phenolic compounds, Ribes fruits are known to contain considerable amounts of vitamins,
particularly vitamin C, as well as various organic acids and sugars that influence nutritional value and senso-
ry properties (Nour et al., 2011; lIzteleuova et al., 2025). Citric and malic acids are frequently reported as
dominant organic acids in the genus, although quantitative profiles may vary depending on species, envi-
ronmental conditions, and developmental stage [28].

Seed Lipids and Fatty Acids

Seeds and pomace of Ribes nigrum have attracted attention as potential sources of biologically
active lipids and fatty acids, particularly in the context of by-product utilization and sustainable processing.
Studies employing green extraction technologies, such as supercritical CO, extraction, highlight the
relevance of seed-derived fractions for functional food and nutraceutical applications (Kriiger &
Dietrich, 2018) (Table 3) [29].

Table 3

Key phytochemical marker groups and analytical methods reported for Ribes
(with relevance to Central Kazakhstan review)

Evidence base in

Taxon (Central
Kazakhstan)

Major reported
compound classes

Representative markers
(examples)

Typical analytical
methods

provided sources

Ribes aciculare

Phenolics expected at
genus level

(Data insufficient for CK
wild populations in provid-
ed set)

HPLC-DAD /LC-
MS/MS (commonly
used in Ribes)

Genus-level summary
only

Ribes nigrum

Anthocyanins,
flavonols, phenolic
acids; also seed-
related lipids in by-
products

Delphinidin- and cyanidin-
glycosides
(rutinosides/glucosides);
quercetin-/myricetin-
/kaempferol-glycosides

HPLC-DAD-ESI-
MS;UVC postharvest
experiments with
phenolic profiling;
SFE-CO, for pomace
fractions

Strong (multiple ex-
perimental review
sources)

Ribes saxatile
complex (s.I.)

Phenolics expected at
genus level; species-
level specificity unre-
solved

(Data insufficient for CK
wild populations in provid-
ed set)

HPLC-DAD/LC-
MS/MS (commonly
used in Ribes)

Genus-level summary
only

Note. “CK” = Central Kazakhstan. Where Central Kazakhstan—specific datasets are missing, the table explicitly indicates in-
sufficient evidence rather than extrapolating.
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9. Biological and Pharmacological Activities

Biological and pharmacological activities reported for species of the genus Ribes are largely attributed
to their rich phytochemical composition, particularly phenolic compounds such as anthocyanins, flavonols,
proanthocyanidins, and phenolic acids. Numerous experimental and review studies indicate that extracts and
isolated fractions from Ribes species exhibit a broad spectrum of biological effects, including antioxidant,
anti-inflammatory, antimicrobial, and other health-related activities (Brennan, 2008; Kriiger & Dietrich,
2018; lzteleuova et al., 2025) [30, 31].

It should be emphasized that the majority of available evidence originates from cultivated material or
wild populations outside Central Kazakhstan. Consequently, the activities summarized below reflect genus-
and species-level knowledge, while data specifically obtained from wild-growing Ribes populations in Cen-
tral Kazakhstan remain extremely limited.

10. Ethnobotany and Traditional Uses

Species of the genus Ribes have a long history of traditional use as food and medicinal plants across
Eurasia and other temperate regions. Ethnobotanical records indicate that fruits, leaves, and, less frequently,
buds of various Ribes species have been utilized in traditional diets, folk medicine, and household practices,
primarily due to their perceived health-promoting properties and pleasant organoleptic characteristics
(Moerman, 1998; Brennan, 2008; Izteleuova et al., 2025) [32].

Among the species occurring in Central Kazakhstan, Ribes nigrum L. is the most widely documented in
ethnobotanical and traditional contexts. Its fruits have been traditionally consumed fresh or processed into
juices, preserves, and fermented beverages, while leaves have been used in herbal infusions and decoctions.
These practices are commonly associated with the treatment or prevention of colds, fever, inflammatory
conditions, and general weakness, reflecting the high vitamin and polyphenol content reported for the species
(Brennan, 2008; Kriiger & Dietrich, 2018) [33].

In contrast, ethnobotanical information specifically referring to Ribes aciculare Pall. and taxa belonging
to the Ribes saxatile species complex is scarce and largely anecdotal. In several regions of Eurasia, related
taxa have been reported as minor food sources or as components of local herbal remedies; however, detailed
descriptions of preparation methods, dosage, or therapeutic efficacy are generally lacking (Moerman, 1998).
For Central Kazakhstan in particular, no systematic ethnobotanical surveys focusing on wild-growing Ribes
species have been published to date, and available regional floristic works provide little or no information on
traditional uses (Sagdullaev & Ishmuratova, 2016) [34].

It is important to emphasize that much of the ethnobotanical knowledge reported for Ribes species orig-
inates from cultivated material or from regions with long-standing horticultural traditions, such as Europe
and East Asia. Extrapolation of these uses to wild-growing populations in Central Kazakhstan should there-
fore be approached with caution. Environmental conditions, genetic differentiation, and phytochemical vari-
ability may all influence the suitability and efficacy of plant material used for food or medicinal purposes.

Despite these limitations, the presence of well-documented traditional uses for Ribes nigrum and related
taxa suggests a potential cultural and practical relevance of wild Ribes species in Central Kazakhstan. How-
ever, this aspect remains poorly explored and represents a promising direction for future interdisciplinary
research integrating ethnobotany, phytochemistry, and conservation biology. Systematic documentation of
local knowledge, where available, could help broaden our understanding of the role of Ribes species in re-
gional human-—plant relationships and may also support the development of sustainable use strategies [35].

Conclusion

1. Wild-growing species of the genus Ribes occurring in Central Kazakhstan (Ribes aciculare, Ribes
nigrum, and the Ribes saxatile species complex) represent ecologically specialized taxa adapted to fragment-
ed and heterogeneous habitats within a predominantly arid continental landscape.

2. The distribution of Ribes species in the region is strongly associated with localized mesophilous mi-
crohabitats, including moist ravines, riparian zones, forest edges, and rocky slopes, resulting in small, spa-
tially isolated populations with limited connectivity.

3. At present, bioecological information on Ribes species in Central Kazakhstan is based mainly on
gualitative floristic observations, while quantitative data on population structure, regeneration dynamics, and
reproductive success are still largely lacking.
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4. Although the antioxidant, anti-inflammatory, and antimicrobial properties of Ribes species are well
documented in the international literature, direct evidence from wild populations in Central Kazakhstan re-
mains very limited and should not be generalized without empirical verification.

5. The taxonomic complexity of the Ribes saxatile species complex represents a significant challenge
for ecological interpretation and conservation planning in the region. This situation highlights the need for
integrative studies that combine taxonomic and genetic approaches.

6. Future interdisciplinary research integrating field ecology, phytochemistry, molecular taxonomy, and
bioactivity assessment is essential to advance understanding of Ribes species in Central Kazakhstan and to
support evidence-based conservation and utilization strategies.
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M.b. XKanaena, A.W. [lImakoB

Opraabik Kazakcranaa Ribes L. TYKbIMAacbIHBIH Kadaiibl 6ceTiH TypJaepi:
0MOIKOJIOTUSJIBIK CHIIATTAMACHI

Ribes L. (Grossulariaceae) TysIChbl SKOJIOTHSIIBIK, TaFAMIBIK KOHE JOPLTiK MaHbI3bl 6ap, CONTYCTIK KapThl
MIapAbIH KOHBIpXKAH afiMakTapbelHAa KeH TapajlfaH KemTereH Typiiepai KamTtuabl. Oprtamslk Kasakcran —
nmaHAmaTapbHBIH allyaH TYPJIUIriMeH >KoHe TaOWFM KIMMATTHIK SKaFJaiJIapblHBIH T'€TEepOTeHIIITIMEH
CHIATTANAThIH GHOTeOrpadsUIBIK TYPFBIIAH Kyperti eHip. Anaiina ocel aiimakra ecerin Ribes TybichiHBIH
skabaifbl TypIiepi Typajbl MOJIMETTEp 9l Jie OBITBIPAHKBI Opi )KETKUTIKTI AeHreiine xyienenoeres. oy sy
makcaThl — Optanbik Kaszakcran aymarbiHaa Tapanran RibDes TybichIHBIH xabaiibl TypliepiHe, atan alTKaHaa
Ribes aciculare Pall., Ribes nigrum L. »xone Ribes saxatile Typmik kelueHiHiH ©KinaepiHe KaTBICTBI
OMOIKOJOTHSJIBIK ~ ePEKIICNTIKTepai, (QUTOXUMUSIBIK KypaMIOsl JKSHE 3epTTey MepCleKTHBaJIapblH
CHIIATTAWTBIH SAe0U AepeKTepli >KMHAKTay JKOHE ChIHM TyprbigaH Tangay. Loy XamblKapanblk JKoHe
alfiMaKThIK FBUIBIMH JKypHAJAap/a KapusilaHFaH (JIOPHCTHKAJIBIK JepPEeKTepre, 3KOJOTHSUIIBIK 3epTTeysiepre
KoHe PUTOXUMUSIIBIK eHOeKTepre HeriznenareH. TypiaepiH Tapaitybl, MEKEH €Ty OpTachl, ()eHOIOTHSCH KOHE
SKOJIOTHSUIBIK OCHIMIeNy epeKIIeTiKTepi Typaibl MANIMETTep, COHAAH-aK aHTONMaHAap, (IIABOHOHITED,
MNPOAHTOUMAHUUH/CP, OPTaHUKAIBIK KBIIKBUIJAD MCEH BUTAMHHJAED CHSAKTHI OHOJIOTHSUIBIK OeNceHmi
KOCBUIBICTAp/bIH HETI3ri TONTapbl JKOHIHJEr aKmapar jXKYHelneHIipiii. R. Nigrum TybICBIHBIH €H KaKChl
3epTTeireH Typi periHae (UTOXMMMSUIBIK TYPFBIIAH KEHIPEK KapacThIPbUIBIN, Oacka jkabalbl TakCOHAAp
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OoiipIHIIA JEPEKTEep/iH IIeKTeyl opi y3iHmi cumarrta exkeHmiri aram ertinai. CoHsiMen kartap R. saxatile
TYPJIIK KelIeHiHe OaiIaHBICThI TAKCOHOMUSUTBIK O€NTiCi3AIKTep TaJAaHbII, alMaKThIK 3epTTeyepae Typiepal
HAaKTbl @XBIPATYAbIH MAaHBIBABUIBIFBI KepceTinmi. JKyprisimreH Tanmay Kasipri OumiMzaeri emneysi
OJNIKBUTBIKTApIBI, ocipece alMakka ToH (UTOXUMHSUIBIK TNPOQHIBIAEp, MNOMYISIHUIBIK JeHrelaeri
SKOJIOTHSUIBIK  ©3TeprillTik JKoHe KOopIIaraH opTa (akTopyiapsl MEH eKiHII pPeTTIK MeTaboIUTTEep.IiH
JKUHATYBl apachIHIAFbl OalIaHBICTAP >KOHIHACTI MONIMETTEpPJiH JKETKUTIKCI3/IriH aHBIKTaIbl. bomnamak
3epTTeyaepaiH Heri3ri OarbITTapbl peTiHae OMOIKONOTHSIBIK KoHE (UTOXMMMSUIBIK TOCUIAEpIl KeIleH
KOJIJIaHy, skabaiibl TeHETHKAJIBIK pecypcTapbl cakTay skone Opransik Kasakcrangars! Ribes Tysice Typiepin
TYpPaKThI Malila/IaHy YCHIHBIIA/IBI.

Kinm co30ep: Ribes L., Opransik Kazakcrad, OGHO3KOJOTHs, (PUTOXHMHSUIBIK KypaMm, KapakaT, IOpilik
ecCiMIIKTeD, )kabaiibl ©CETiH TypIep.

M.B. XKanaesa, A.W. llImakoB

Juxopacrymue Buabl poaa Ribes L. B IlenTpaiannom Kazaxcrane:
OHO0IKOJIOrHYECKHE XapAKTEPHCTHKH

Poo Ribes L. (Grossulariaceae) BxiirouaeT MHOTOYHCIEHHbBIE BUIbI, 00JIAAIONIME IKOJIOTHIECKOH, MUIEBOM
U JIEKAPCTBEHHOM IEHHOCTBIO M IIHPOKO PACIPOCTPAHEHHBIC B YMEPEHHBIX pernoHax CeBepHOro MmoJylia-
pust. Lentpansabnii Kazaxcran npencrasiser co0oii Ouoreorpaguiaeck CIOKHYIO TEPPUTOPHIO, XapaKTepH-
3YIOIIYIOCS Pa3HOOOpa3ueM JIaHMIad)TOB U TETEPOreHHOCTHIO MPHUPOIHO-KIMMATATHYCCKIX YCIIOBHIA; BMe-
CTe C TeM CBEICHHUS O JUKOPACTYIIUX BHAaX poaa Ribes B maHHOM perrmone oCTaroTcs GpparMeHTapHBIMU U
HEIOCTATOYHO CHUCTEMATH3UPOBaHHBIMU. Llens HacTosmiero 063opa — 000OIIEHHE U KPUTHYECKAs OLEHKA
JINTEPATYPHBIX JAHHBIX, MOCBSMIEHHBIX OHOIKONOTHIECKUM OCOOEHHOCTSM, (DPHUTOXHUMHYECKOMY COCTABY W
MEPCIIEKTUBAM M3yJIeHHs AUKopacTymux BunoB Ribes, npouspacraromux B enrpansHom Kasaxcrane, ¢ ak-
nentom Ha Ribes aciculare Pall., Ribes nigrum L. u npexncrasureneii Bugosoro xomiiekca Ribes saxatile.
O0630p OCHOBaH Ha aHAJIN3E PETHOHAIBHBIX (DIIOPUCTHIECKUX UCTOYHUKOB, SKOJIOTHYECKUX MCCIEI0BAHUN U
(UTOXUMHYECKUX PabOT, OIyOIMKOBAHHBIX B MEX/YHAPOAHBIX M PETHMOHATBHBIX HAYYHBIX KypHaiax. Cuc-
TEMAaTH3UPOBAHBI JAHHBIE O PACHPOCTPAHCHHU BHIOB, HX MECTOOOMTAHHAX, (PEHOIOTHH U SKOJOTHUECKUX
aJIanTalusX, a TAKXKE CBEJICHHS 00 OCHOBHBIX IPYIax OHOJOTHYECKH AKTUBHBIX COEIWHEHHUH, BKIIOUas aH-
TOIWAHBI, (HIIABOHOUIBI, TIPOAHTOIMAHHUNHBI, OPraHUYECKUE KUCIOTHI U BUTaMUHbL. Oco60€e BHUMAaHUE yjie-
JIEHO (PUTOXUMHYECKHM HCCIIE0BAHUAM R. Nigrum kak HanGosiee H3y4EHHOTO BHA POJA, P OJHOBPEMEH-
HOM TMOMYEPKUBAHMU OTPAHUYEHHOTO M (PPArMEHTAPHOrO XapakTepa NAaHHBIX MO APYIUM JUKOPACTYIIAM
TakcoHaM. KpoMme TOro, paccMaTpHUBAaIOTC TAKCOHOMHYECKHE HEOMPENEIEHHOCTH, CBSI3aHHBIE C BHIOBBIM
KoMIUIeKcoM R. saxatile, uro ykaspiBaeT Ha HEOOXOAMMOCTH OOJIee TOYHOM JETUMHUTAIMKA BHJIOB B PETHO-
HAIBHBIX UCCIe0BaHUsX. [IpOBEIEHHBIN aHAM3 BBISIBAI CYIECTBEHHBIE IPOOEIB B COBPEMEHHBIX 3HAHUSX,
NpeXk/e BCEro B OTHOLIEHUH PETHOHAIBHO-CIENU(PUIECKUX (PUTOXUMUUECKUX TPOQGHUIIEH, MOy ISIMOHHON
JKOJIOTUYECKON U3MEHYHUBOCTH M B3aUMOCBS3M (DaKTOPOB CPE/Bl ¢ HAKOIUICHHEM BTOPHYHBIX META0O0IHTOB.
B 3akimoueHne 0003HAYEHBI TIEPCIIEKTUBHBIC HAPABJICHUS TAIBHEHIINX UCCIIEIOBAHUMN, OPUEHTHPOBAHHBIE
Ha MHTETPAIUMI0 OMOIKOJIIOTHIECKHX U (PUTOXHMHYECKHX MOIXOJ0B, COXPAHEHHE JUKUX TEHETUYECKUX pe-
CYPCOB M YCTOMYMBOE UCIOJB30BaHUEe BUIOB poja Ribes B [lentpanmsnom Kazaxcrare.

Kniouesvle crnosa: Ribes L, Ilentpanbubiii Kazaxcran, 6103Kkonorus, GUTOXUMUYECKUI COCTAB, CMOPOIMHA,
JICKAPCTBEHHBIC PACTCHUS, TUKOPACTYIINE BUIBI.
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First remarks on the spider fauna (Arachnida: Araneae)
of the Karkaraly State National Natural Park:
the extension of data for Central Kazakhstan

This paper presents the first scientific data on the diversity of spiders (order Araneae) in the Karkaraly State
National Natural Park (Karaganda Region, Kazakhstan). Field material was collected in the Kendara Valley,
near of Lake Shaitankol, and at the field practice station of the E.A. Buketov Karaganda National Research
University using trap lines, soil sampling, and manual collection during July and August 2025. Fifty two spe-
cies of spiders were identified; 5 families and 40 species are reported for the first time for Central Kazakhstan
according to non-digitized literature data and the Global Biodiversity Information Facility. The results con-
siderably expanded the information available through GBIF on the species diversity of the order Araneae in
Central Kazakhstan. Differences were identified in the species diversity recorded via the iNaturalist app and
based on collections using traditional field methods. It was concluded that large-scale field studies of spiders
in Central Kazakhstan are necessary, as well as the digitization and mobilization of data published in the lit-
erature through the GBIF portal.

Keywords: spiders, Central Kazakhstan, Karaganda Region, GBIF, iNaturalist.

Introduction

Invertebrates are still poorly represented in open biodiversity data repositories such as the Global Bio-
diversity Information Facility (GBIF) [1-3]. This limits the possibilities for using the data and leads to bias
in the estimates obtained [4, 5]; as well as to a situation where widespread species may be wrongly consid-
ered as rare. Therefore, the filling gaps in the digital biodiversity map are a relevant problem.

In recent years, the study of the spider fauna (order Araneae) of Kazakhstan has intensified once
again [6-8]. However, most research is located in Southern, Western, and Northern parts of the country [9].
The spider fauna of Central Kazakhstan (modern Karaganda and Ulytau Regions) has poorly been studied.
Only a few studies from Central Kazakhstan are known. Obtained results have been published [10-19] but
remain non-digitized and inaccessible to researchers. To this day 94.6 % GBIF occurrences of spiders from
Central Kazakhstan are derived from the iNaturalist citizen science platform [20].

Our study focuses on providing high-quality digital scientific data on the spider fauna of the Karkaraly
State National Natural Park and assessing the contribution of this information to the GBIF and non-digitized
literature data on spiders in Central Kazakhstan.

Experimental

Karkaraly State National Natural Park is located in the east part of Karaganda Region, about 220 km
east from Karaganda city. The Park was established in 1998 for preserving and restoring the unique natural
complexes of the Karkaraly and Kent mountain boreal forests. The total area is 112,120 hectares, of which,
40,341 hectares are forested. The climate is sharply continental [21]. The average annual air temperature is
+3.6, the average annual precipitation is 293 mm [22].
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The current work is based on the material collected in the Park in June, July, and August 2025. In Au-
gust spiders were sampled by participants of the IX Field School on Soil Zoology and Ecology for Young
Scientists that was organized by Buketov Karaganda National Research University. Spiders were sampled
using pitfall-traps, hand sorting and manual collection. The material was collected by authors (FDS —
Fetisov D.S., INV — Ivanova N.V., KLV — Kim L.V., PEV — Plakkhina E.V., FAA — Fedorova A.A))
and our colleague (SMP — Shashkov M.P.). When no collector is specified, the material was sampled col-
lectively by the participants of the Field School. Type of habitats of occurrences specified if available. Spi-
ders were collected in the following locations: Kendara Valley (1), Karaganda Buketov University field sta-
tion (2), Shaitankol Lake vicinity (3) and Three caves (4) (Fig. 1).
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Figure 1. The map of locations: Kendara — Kendara Valley (1),
Biostation — Karaganda Buketov University field station (2),
Shaitankol — Shaitankol Lake vicinity (3), Three Caves (4)

The identification of spiders was carried out at the Invertebrate Zoology Department of Perm State Uni-
versity (Russia) by prof. S.L. Esyunin, at the Center of Forest Ecology and Productivity of the Russian
Academy of Science by PhD student D.S. Fetisov, at the Institute of Zoology of Republic of Kazakhstan by
master of science L.V. Kim. Species list follows the World Spider Catalog [23]. Data on species distribution
are taken from “Catalogue of the spiders (Arachnida, Aranei) of Left-Bank Ukraine” [24] and “Spiders of the
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Udmurt Republic: fauna, ecology, phenology and distribution” [25]. All species occurrence data were digit-
ized and published through the GBIF [26, 27].

The obtained spider species list was compared with data available through GBIF for Central Kazakh-
stan [28] and Karkaraly State National Natural Park [29], as well as non-digitized literature data. For this we
georeferenced collected sites from published articles [10-19] and compiled the species list mentioned there.
The taxonomical analysis was performed in the R environment [30] using Venn diagrams (library
ggVennDiagram [31]).

Results and Discussion

During the summer 2025 survey 228 spider specimens, belonging to 52 species, 30 genera, and 15 fami-
lies were recorded. A total of 107 specimens were identified to species level. In terms of zoogeographical
composition, species with Trans-Eurasian (21.2 %), Trans-Palaearctic (19.2 %) and Circum-Holarctic
(13.46 %) ranges predominate in our collection. The list of recorded species is provided below. The species
marked for the first time for the region are highlighted with an asterisk (*).

ARANEIDAE

Aculepeira ceropegia (Walckenaer, 1802)* MATERIAL. 19 (1), 49.44994 N, 75.39511 E, manual
collection, 11-14.VIL.2025, leg. NVI, FAA; 19 (1), 49.44994 N, 75.39511 E, manual collection,
11-14.V11.2025, leg. NVI, FAA. RANGE TYPE. West-Central Eurasian.

Araneus angulatus Clerck, 1757 MATERIAL. 1 @ (1), 49.43588 N, 75.48829 E, manual collection,
22.V111.2025, leg. FDS; 299 (1), 49.43915 N, 75.38949 E, manual collection, 12.VII.2025, leg. NVI, PEV;
1 juv (1), 49.44994 N, 75.39511 E, manual collection, 11-14.VII. 2025, leg. NVI, FAA. RANGE TYPE.
Trans-Palaearctic.

Araneus diadematus Clerck, 1757 MATERIAL. 299 (2), 49.43588 N, 75.48829 E, manual collection,
22.VI11.2025, leg. FDS; 383, 19 (1), 49.43915 N, 75.38949 E, manual collection, 12.V11.2025, leg. NVI,
FAA; 13,299 (1), 49.44994 N, 75.39511 E, manual collection, 11-14V11.2025, leg. NVI, FAA. RANGE
TYPE. Trans-Palaearctic.

Araneus marmoreus Clerck, 1757* MATERIAL. 19 (1), 49.43915 N, 75.38949 E, manual collection,
12.VII. 2025, leg. NVI, FAA. RANGE TYPE. Circum-Holarctic.

Araniella tbilisiensis (Mcheidze, 1997)* MATERIAL. 19 (1), 49.44994 N, 75.39511 E, manual col-
lection, 11-14.VII1. 2025, leg. NVI, FAA. RANGE TYPE. Central — Ancient Mediterranian.

Cyclosa oculata (Walckenaer, 1802)* MATERIAL. 13 (2), 49.43588 N, 75.48829 E, manual collec-
tion, 22-24.V111.2025, leg. PEV. RANGE TYPE. Trans-Eurasian.

CLUBIONIDAE
Clubiona pallidula (Clerck, 1757)* MATERIAL. 19 (2), 49.43319 N, 75.48624 E, birch forest, hand
sorting, 23.VI111.2025. RANGE TYPE. Trans-Eurasian.

DOLOMEDIDAE
Dolomedes fimbriatus (Clerck, 1757)* MATERIAL. 14, 1 sub@ (1), 49.4609 N, 75.38732 E, manual
collection, 15.V11.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian.

GNAPHOSIDAE

Gnaphosa pilosa Savelyeva, 1972 MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual collection,
23.VIII. 2025, leg. KLV. RANGE TYPE. Central-Asian. Karaganda Region, Karkaraly District, Kent moun-
tains (now part of the National Park). 49.20511 N, 75.95193 E [13].

Haplodrassus umbratilis (L.Koch, 1866)* MATERIAL. 19 (2), 49.43496 N, 75.48955 E, hill slope,
pitfall-traps, 22-24.V111.2025. RANGE TYPE. European — West Siberian.

LINYPHIIDAE

Bolyphantes alticeps (Sundevall, 1833)* MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual col-
lection, 22-24.VII1.2025, leg. PEV; 19 (4),49.4291 N, 75.4782 E, manual collection, 23.VI11.2025,
leg. FDS. RANGE TYPE. Trans-Eurasian.

Drapetisca socialis (Sundevall, 1833)* MATERIAL. 1?9 (2), 49.43588 N, 75.48829 E, manual collec-
tion, 22-24.VI111.2025, leg. PEV; 13, 19 (2), 49.43588 N, 75.48829 E, manual collection, 23.VIIL.2025, leg.
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FDS; 283, 19 (2), 49.43588 N, 75.48829 E, manual collection, 23.VII1.2025, leg. KLV. RANGE TYPE.
Trans-Eurasian.

Erigone dentipalpis (Wider, 1834)* MATERIAL. 13 (2), 49.43588 N, 75.48829 E, manual collection,
23.VI11.2025, leg. FDS. RANGE TYPE. Trans-Palaearctic.

Gongylidium rufipes (Linnaeus, 1758)* MATERIAL. 2 sub® (2), 49.43319 N, 75.48624 E, birch for-
est, hand sorting, 23.V111.2025. RANGE TYPE. Trans — Euro Siberian.

Helophora insignis (Blackwall, 1841)* MATERIAL. 13192 (2), 49.43319 N, 75.48624 E, birch forest,
hand sorting, 23.VI11.2025. RANGE TYPE. Circum-Holarctic.

Linyphia triangularis (Clerck, 1757)* MATERIAL. 19 (4), 49.4291 N, 75.4782 E, manual collec-
tion, 23.VI11.2025, leg. KLV; 19 (3), 49.3997 N, 75.3993 E, manual collection, 23.VI11.2025, leg. KLV.
RANGE TYPE. Trans-Eurasian.

Megalepthyphantes kronebergi (Tanasevitch, 1989) MATERIAL. 13 (4), 49.4291 N, 75.4782 E,
manual collection, 23.VI111.2025, leg. KLV; 13 (4), 49.4291 N, 75.4782 E, manual collection, 23.VI11.2025,
leg. FDS. RANGE TYPE. Central Asian.

Neriene radiata (Walckenaer, 1841)* MATERIAL. 19 (4), 49.4291 N, 75.4782 E, manual collection,
23.VII1.2025, leg. FDS. RANGE TYPE. Circum-Holarctic.

Tapinocyba insecta (L.Koch, 1869)* MATERIAL. 19 (3), 49.4039 N, 75.40567 E, pine forest, hand
sorting, 23.V111.2025. RANGE TYPE. European — West Siberian.

Trichoncoides piscator (Simon, 1884) MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual collec-
tion, 22.V111.2025, leg. FDS. RANGE TYPE. West-Central Ancient Mediterranean.

LYCOSIDAE

Alopecosa steppica Ponomarev, 2007* MATERIAL. 49 (2), 49.43588 N, 75.48829 E, manual collec-
tion, 23.VI111.2025, leg. KLV. RANGE TYPE. Ancient Mediterranean (West — European Kazakhstan).

Alopecosa taeniopus (Kulezynski, 1895)* MATERIAL. 33, 12, 4juv (2), 49.43496 N, 75.48955 E,
hill slope, pitfall-traps, 22-24.V111.2025. RANGE TYPE. West European — Central Ancient Mediterranean.

Pardosa agrestis (Westring, 1861)* MATERIAL. 19 (2), 49.43496 N, 75.48955 E, hill slope, pitfall-
traps, 22-24.VI111.2025; 19 (2), 49.43319 N, 75.48624 E, aspen forest, pitfall-traps, 22-24.V111.2025.
RANGE TYPE. West-Eurasian.

Pardosa lugubris (Walckenaer, 1802)* MATERIAL. 13, 59 (2), 49.43319 N, 75.48624 E, aspen for-
est, pitfall-traps, 22-24.V111.2025; 19 (2), 49.43588 N, 75.48829 E, manual collection, 23.VI11.25, leg. KLV;
19 (3), 49.3997 N, 75.3993 E, 23.VIII.25, leg. KLV; 19 (1), 49.44994 N, 75.39511 E, manual collection,
leg. INV, FAA. RANGE TYPE. West-Eurasian.

Piratula hygrophila (Thorell, 1872)* MATERIAL. 13 (2), 49.43319 N, 75.48624 E, aspen forest, pit-
fall-traps, 22-24.VI111.2025; 19 (1), 49.45195 N, 75.38371 E, pine forest in the floodplain of the creek, hand
sorting, leg. SMP. RANGE TYPE. West-Eurasian.

Trochosa terricola Thorell, 1856* MATERIAL. 13 (2), 49.43319 N, 75.48624 E, aspen forest, pitfall-
traps, 22-24.V111.2025; 13 (2), 49.43496 N, 75.48955 E, hill slope, pitfall-traps, 22-24.VI11.2025; 19 (2),
49.43588 N, 75.48829 E, manual collection, 23.VI111.2025, leg. KLV; 19 (1), 49.44414 N, 75.38085 E, aspen
forest with birch and pine trees, hand sorting, 8.VI1.2015, leg. SMP; 19, 1juv (1), 49.44476 N, 75.37503 E,
abandoned cattle pen with ruderal vegetation, hand sorting, 10.V1.2015, leg. SMP; 1 © (1), 49.44423 N,
75.37658 E, last year's abandoned vegetable garden, ruderal vegetation, hand sorting, 11.VV1.2025, leg. SMP.
RANGE TYPE. Circum-Holarctic.

Xerolycosa nemoralis (Westring, 1861)* MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual col-
lection, 23.V111.2025, leg. KLV. RANGE TYPE. Trans-Eurasian.

MIMETIDAE
Mimetus laevigatus (Keyserling, 1863)* MATERIAL. 13 (2), 49.43588 N, 75.48829 E, manual col-
lection, 22.V111.2025, leg. FDS. RANGE TYPE. West-Central Ancient Mediterranean.

MITURGIDAE

Zora pardalis Simon, 1878* MATERIAL. 1 subd (2), 49.43588 N, 75.48829 E, manual collection,
22-24.V111.2025, leg. PEV. RANGE TYPE. West-Central Ancient Mediterranean.
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PHILODROMIDAE

Emargidromus emarginatus (Schrank, 1803)* MATERIAL. 19 (1), 49.44994 N, 75.39511 E, manual
collection, 11-14.V11.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian.

Philodromus cespitum (Walckenaer, 1802)* MATERIAL. 19 (1), 49.43915 N, 75.38949 E, manual
collection, 12.V11.2025, leg. INV, FAA. RANGE TYPE. Circum-Holarctic.

PHOLCIDAE

Pholcus ponticus Thorell, 1875 MATERIAL. 13 (2), 49.43588 N, 75.48829 E, manual collection,
22.V111.2025, leg. FSD. RANGE TYPE. Eastern-Europe — Central Ancient Mediterranean.

SALTICIDAE

Dendryphantes rudis (Sundevall, 1833)* MATERIAL. 19 (3), 49.3997 N, 75.3993 E, manual collec-
tion, 23.VI111.2025, leg. KLV. RANGE TYPE. Trans — Euro-Siberian.

Evarcha arcuata (Clerck, 1757) MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual collection,
23.VI11.2025, leg, FDS; 1 & (1), 49.44994 N, 75.39511 E, manual collection, 11-14.VI11.2025, leg. INV,
FAA. RANGE TYPE. Trans-Palaearctic.

TETRAGNATHIDAE

Metellina segmentata (Clerck, 1757)* MATERIAL. 19 (1), 49.45195 N, 75.38371 E, pine forest in
the floodplain of the creek, hand sorting, 12.V11.2025, leg, SMP. RANGE TYPE. Trans-Palaearctic.

Pachygnatha degeeri Sundevall, 1830* MATERIAL. 13 (2), 49.43319 N, 75.48624 E, aspen forest,
pitfall-traps, 22-24.V111.2025. RANGE TYPE. Trans-Palaearctic.

Tetragnatha montana Simon, 1874* MATERIAL. 19 (1), 49.43915 N, 75.38949 E, manual collec-
tion, 12.VI11.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian.

THERIDIIDAE

Enoplognatha latimana Hippa & Oksala, 1982* MATERIAL. 19 (3), 49.39903 N, 75.39529 E, pine
forest, hand sorting, 23.V111.2025. RANGE TYPE. West-Palaearctic.

Enoplognatha ovata (Clerck, 1757)* MATERIAL. 19 (1), 49.45195 N, 75.38371 E, pine forest in the
floodplain of the creek, hand sorting, 12.VI11.2025, leg. SMP; 1 sub? (1), 49.44414 N, 75.38085 E, aspen
forest with birch and pine trees, hand sorting, leg. SMP. RANGE TYPE. Trans-Palaearctic.

Episinus truncatus Latreille, 1809* MATERIAL. 19 (1), 49.44994 N, 75.39511 E, manual collection,
11-14.V11.2025, leg. INV, FAA. RANGE TYPE. West-Palaearctic.

Euryopis flavomaculata (C.L. Koch, 1836)* MATERIAL. 1 subd (2), 49.43781 N, 75.49352 E, birch
forest, hand sorting, 23.V111.2025. RANGE TYPE. Trans-Palaearctic

Parasteatoda tabulata (Levi, 1980)* MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual collection,
23.VI111.2025, leg. KLV. RANGE TYPE. Cosmopolitan.

Robertus lividus (Blackwall, 1836)* MATERIAL. 13 (2), 49.43319 N, 75.48624 E, aspen forest, pit-
fall-traps, 22-24.VII1.2025; 39 (1), 49.45195 N, 75.38371 E, pine forest in the floodplain of the creek, hand
sorting, 12.VI11.2015, leg. SMP. RANGE TYPE. Trans-Palaearctic — West-Nearctic.

Steatoda albomaculata (De Geer, 1778) MATERIAL. 19 (2), 49.43588 N, 75.48829 E, manual collec-
tion, 22.VI11.2025, leg. FDS. RANGE TYPE. Circum-Holarctic. Karaganda Region, near Barshino.
49.61666 N, 69.46666 E [19].

Steatoda castanea (Clerck, 1757) MATERIAL. 1319 (4), 49.4291 N, 75.4782 E, manual collection,
23.VI111.2025, leg. KLV. RANGE TYPE. Trans-Eurasian.

Theridion varians Hahn, 1833* MATERIAL. 39 (2), 49.43588 N, 75.48829 E, manual collection,
23.VI111.2025, leg. KLV. RANGE TYPE. Trans-Palaearctic.

THOMISIDAE

Ebrechtella tricuspidata (Fabricius, 1775) MATERIAL. 1 sub? (1), 49.44994 N, 75.39511 E, manual
collection, 11-14.VI11.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian.

Misumena vatia (Clerck, 1757) MATERIAL. 1 sub® (2), 49.43588 N, 75.48829 E, manual collection,
22-24.V111.2025, leg PEV; 13 (2), 49.43588 N, 75.48829 E, manual collection, 22.VI111.2025, leg FDS;
19 (2), 49.43588 N, 75.48829 E, manual collection, 23.VIIL.2025, leg FDS; 19 (2), 49.43588 N, 75.48829
E, manual collection, 23.V111.2025, leg KLV. RANGE TYPE. Circum-Holarctic.
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Ozyptila trux (Blackwall, 1846)* MATERIAL. 1 @ (2), 49.43781 N, 75.49352 E, birch forest, hand
sorting, 23.VI111.2025. RANGE TYPE. Trans — Euro-Siberian.

Spiracme striatipes (L.Koch, 1870) MATERIAL. 1 subd (1), 49.44994 N, 75.39511 E, manual collec-
tion, 11-14.VIL.2025, leg. INV, FAA; 1 sub@ (1), 49.44476 N, 75.37503 E, abandoned cattle pen with
ruderal vegetation, hand sorting, 10.VL.2025, leg. SMP; 1 sub? (1), 49.44384 N, 75.37603 E, planting poplar
trees in the floodplain of the creek, hand sorting, 7.VV1.2025, leg. SMP. RANGE TYPE. West-Central An-
cient Mediterranean.

Xysticus cristatus (Clerck, 1757)* MATERIAL. 19 (1), 49.44994 N, 75.39511 E, manual collection,
11-14.VI11.2025, leg. INV, FAA. RANGE TYPE. Trans-Palaearctic.

Xysticus viduus Kulczynski, 1898* MATERIAL. 13 (2), 49.43319 N, 75.48624 E, aspen forest, pit-
fall-traps, 22-24.VI11.2025; 19 (2), 49.43588 N, 75.48829 E, manual collection, 23.VIIL.2025, leg. KLV.
RANGE TYPE. Euro — Middle-Siberian.

Individuals of the following genera were also found in the study area: Lathys Simon, 1884, Drassodes
Westring, 1851, Zelotes Gistel, 1848, Agyneta Hull, 1911, Palliduphantes Saaristo & Tanasevitch, 2001,
Arctosa Koch, 1847, Tibellus Simon, 1875, Heliophanus C.L. Koch, 1833, Ipa Saaristo, 2007, Phylloneta
Archer, 1950. In addition, two species of harvestmen (Opiliones) were identified: Opilio parietinus (DeGeer,
1778) and Phalangium opilio Linnaeus, 1758.

A comparison with non-digitized literature and available GBIF data demonstrated that our collection
significantly contributes to the knowledge of spider diversity in Central Kazakhstan. Five families
(Clubionidae, Dolomedidae, Mimetidae, Miturgidae, and Tetragnathidae) and 40 species are reported for this
region for the first time. For the area of the Karkaraly State National Natural Park only 2 species have previ-
ously been reported in the literature (Kent Mountains) [13, 14], as well as 10 species were available through
GBIF portal (iNaturalist observations) [29].

We also found the differences in family composition between our results, non-digitized literature and
GBIF data (Fig. 2A). The families Linyphiidae (19.2 %), Theridiidae (17.3 %), Lycosidae (13.5 %),
Araneidae (11.5 %), and Thomisidae (11.5 %) were most abundant in our study. The diversity of families in
the literature data was lower, and the Gnaphosid spiders were most represented. The high diversity of fami-
lies in our study is explained by the use of different field collection methods (pitfall traps, hand sorting,
manual collection) and the covering of various habitat types (plain and mountain forests, dry grasslands,
steppes). Most spider occurrences from literature were collected in steppes using pitfall traps method [19].
For this habitat type Gnaphosid spider diversity is always high. The most diverse families in GBIF data were
Araneidae (16 %), Salticidae and Thomisidae (14 %), Lycosidae and Theridiidae (10 %). This is an expected
result because most of GBIF data about spiders in Central Kazakhstan derived from iNaturalist [20]. It is
known that iNaturalist users most often record conspicuous species of plants and animals that can usually be
identified from photographs [32]. In our study almost a half of observations registered through iNaturalist
relate to Argiope lobata (Pallas, 1772), Lycosa singoriensis (Laxmann, 1770), Thomisus onustus
Walckenaer, 1805, Aculepeira armida (Audouin, 1826), A. diadematus, Larinioides ixobolus (Thorell, 1873),
and Argiope bruennichi (Scopoli, 1772). All these species are large and colourful spiders that are easily visi-
ble to the naked eye.

We have shown that our collection, non-digitized literature, and GBIF data make a comparable contri-
bution to the overall species diversity of spiders in Central Kazakhstan (Fig. 2B). This result confirms the
critical need to digitize and publish the literary heritage on the spiders of Kazakhstan through GBIF. Accord-
ing to “Bibliographia Araneologica Rossica 1770-2022” [33], more than 170 articles have been published on
the diversity of spiders in Kazakhstan. But a huge amount of this data is still non-digitized and not available
to researchers. The only known GBIF dataset of digitized literature covers the territory of the Balkhash-
Alakol basin [34].
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Figure 2. Taxonomic coverage on spider data of Central Kazakhstan.
A: the most represented spider families according to different data sources
(Our study, non-digitized literature, GBIF),

B: Venn diagrams for species diversity based on three data sources
(Our_st. — our study, Lit. — non-digitized literature, GBIF)

These results (Fig. 2B) also show that iNaturalist users and scientists collect different species. Combin-
ing these data sources provides more complete information about spider species diversity. At the same time,
iNaturalist is limited in the number of species that can be identified, although observations have the widest
spatial coverage among our data sources (Fig. 3). To fill the gap in the diversity of spiders in Kazakhstan on
the GBIF digital map, large-scale field research and digitization of scientific heritage are required. These da-
ta will enable the building of more accurate models of biodiversity dynamics in the context of global climate
change on a regional and global scale.
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Figure 3. Spatial coverage of various data sources on spider data for Central Kazakhstan
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Conclusion

As a result of the study, 52 species of spiders (order Araneae) were identified in the Karkaraly State Na-
tional Natural Park. Among these 5 families and 40 species are recorded for Central Kazakhstan for the first
time. The results of our local study have significantly expanded the GBIF digital data on spiders in Central
Kazakhstan. Differences in species diversity identified by iNaturalist observations and scientific collection
methods are shown.
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E.B. ITnakxuna, C.JI. Ectonun, JI.C. ®etucos, JI.B. Kum, A.A. ®enoposa, H.B. UBanora

«Kapkapajabp» MeMiIeKeTTIK YJITTBIK TA0MFU NAaPKiHIH epMeKIIijiep
¢aynacel (Arachnida: Araneae) Typajbl aJraliKbl FEUIBIMH MJJIIMeTTEp:
OpTranbik Kazakcran 00ibIHIIA JepeKTepal TOJBIKTHIPY

Maxkanana Kazakcranuein Kaparanasr oOnbicsinna opHanackan «Kapkapaibs» MeMIeKeTTiK YITTHIK TaOUFH
napki epmekuriiiepiniy (Araneae oTpsjabl) ajdyaH TYPIUTrT JKOHIHIEri aiFallikbl FBUIBIMHA AEPEKTep
kentipinren. Jlamanslk Mmarepuan Kenpmapa axrapsiana, IllaliTanken KeiiHIH MaHBIHIA XXOHE aKaJeMUK
E.A. bexeroB aTbiHmarsl Kaparanabl YITTHIK 3epTTey yHHBEPCUTETIHIH DaNalbIK MpakTHKa 6azaceiHga 2025
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JKBUIIBIH LIUIIE—TaMbl3 allapblHAa CHI3BIKTHI TY3aKTap, TONBIPAK YJTUIEpiH Tajjay jKOHE KOJIMEH XXHUHAY
omicTepi apKbUIbl )KUHANABL. bapieirsl 52 epMmekini Typi aHBIKTaIAbl, onapAbiH 40 Typi MeH 5 TYKbIMAAcCHI
GBIF >xahanapl GuoanyaHTYpIIiTiK JKYHECiHIH AepekTepi MeH LU(pIaHIbIPbUIMAaFraH d9ae0u MaliMeTTepre
colikec OpTanbik KaszakcraH YIIiH aiFanr peT Tipkenin oTelp. AnbiHFaH HoTIOKenep Opransik Kasakcranmars!
Araneae oTpsIsl OKiUIIepiHiH TYp KypamblHa KatelcThl GBIF apkpuiel KopkeTiMai ManiMeTTepal enayip
TobIKTRIpBL. iNaturalist KocsIMIIackl apKbUIBI TIPKEIATSH TYPIIIK SPTYPIILTIK eH JOCTYPIIi AAajblK TICUIACD
apKBUIBl JKMHAJIFAaH MaTephajjap Heri3iHAeri MoIiMeTTep apachlHIa aWbIpMalIbUIBIKTAP AHBIKTAJIIEL
Opranelk  Ka3akcTaHHBIH ©PMEKIIUIEPIH ayKbIMABI JalalblK 3€pTTEYJIepAiH KaXeTTUIr, COHmal-aK
oebuerTe KapusIaHFaH aepekrepai nudpiaanasipy xoHe onapasl GBIF mopTanel apKeUibl KODKETIMII €Ty
Ka)XXETTIrl TypaJibl KOPBITHIH/IBI )KaCaJI/Ibl.

Kinm ce3dep: epmekurinep, Oprainbik Kazakcran, Kaparanast o6msicel, GBIF, iNaturalist.

E.B. Ilnakxuna, C.JI. Ectonun, J[.C. ®etucos, JI.B. Kum, A.A. ®egoposa, H.B. UBanosa

IlepBble cBeneHusi 0 payHe nmaykoB (Arachnida: Araneae)
KapkapaauHckoro rocy1apcTBeHHOT0 HAIMOHAJIBHOT0 MPUPOAHOIO MapKa:
pacmupenue nanubix no Henrpansnomy Ka3zaxcrany

B pabote mpencraBieHsl mepBble HaydHBIE TaHHBIE O pa3HOOOpa3uu maykoB (oTpsx Araneae) Kapkapamus-
CKOTO TOCYAApCTBEHHOTO HAI[MOHAIBHOro mpupoxHoro mapka (Kasaxcran, Kaparamamackas o07acTs).
IloneBoit matepuan cobpan B nonuHe Kennapa, B okpecTHOCTsIX o3epa lllaiitankons u Ha 6a3ze mpoBeAeHUS
MOJNEBBIX HpakTUK KaparaHAWHCKOTO HAIMOHAJIBHOTO — HCCIENOBATEICKOTO YHHUBEPCUTETa HMEHH
akagemuka E.A. BykeToBa MeTo1aMu JIMHUI JIOBYIIICK, pa300pa MOYBEHHBIX P00 U pPyYyHOTo cOopa B HIOJIC U
asrycre 2025 r. Unentudurmposano 52 Buma naykoB; 40 BUAOB M 5 ceMeHCTB BIEpBBIE IMPHBOIATCS IS
IenTpansaoro Kaszaxcrana coriacHo riobansHoi cucteMe o 6uopasnoobpasun GBIF u HeonmppoBaHHEIM
JMTEPaTypHBIM JaHHBIM. [10TydeHHBIE pe3yJbTaThl CYIIECTBEHHO pacLIMpHiIn noctynHble yepe3 GBIF cae-
JICHHs1 0 BUJJOBOM COCTaBe MpeacTaButeneii orpsaa Araneae B LlenrpansHom Kasaxcrane. BrisiBneHs! pasnn-
YK B BUIOBOM PasHO0Opasum, peructpupyeMom depes npuioxkenue iNaturalist u Ha ocHOBe c60pOB Tpaiu-
IIMOHHBIMHU TIOJIEBEIMU MeTogaMu. CaenaH BBIBOJ O HEOOXOJMMOCTH MACIITAOHBIX IMOJICBBIX MCCIIEJOBAHUM
naykoB LlenTpansHoro Kazaxcrana, a Taxke onudpoBky u myOnukanun depes nopran GBIF omyGnikoBan-
HBIX B JINTEPAType JaHHBIX.

Kniouesvle cnosa: nayku, lenrpansubiii Kazaxcran, Kaparananackas o6nacts, GBIF, iNaturalist.
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Surveillance of West Nile Fever in the Republic of Kazakhstan, 2023-2025

In 2023-2025, comprehensive monitoring of West Nile fever (WNF) was conducted across 14 regions of the
Republic of Kazakhstan to assess virus circulation in natural foci. The study included the main potential res-
ervoirs and vectors of the pathogen, namely wild migratory birds, mosquitoes, ixodid ticks, and bats. A total
of 362 biological samples from wild birds, 84 samples from bats, 679 ticks, and 1,554 mosquitoes were ex-
amined. Laboratory diagnostics were performed using polymerase chain reaction (PCR) with primers specific
to West Nile virus. According to the results, West Nile virus RNA was detected exclusively in wild birds—in
5 of 362 samples, corresponding to a prevalence of 1.38 % (95 % CI: 0.45-3.19 %). No West Nile virus RNA
was detected in samples obtained from mosquitoes, ticks, or bats. Positive samples were detected in wild
birds from the Pavlodar and Karaganda regions. The obtained data confirm the leading role of migratory birds
in the introduction of West Nile virus into the territory of Kazakhstan and indicate the need for continued sys-
tematic epizootiological and molecular monitoring to assess the risk of the formation and maintenance of nat-
ural infection foci.

Keywords: monitoring, PCR, West Nile fever, flaviviruses, wild birds, mosquitoes, ticks, bats,
epizootiological monitoring.

Introduction

West Nile fever (WNF) is a zoonotic arboviral disease with a global distribution. The virus was first
isolated in Uganda in 1937, and since the late 1990s it has caused epidemic outbreaks in North America,
Europe, and Asia [1-6], making it one of the most significant arboviral infections worldwide, alongside Zika,
Chikungunya, and Dengue viruses.

Virus circulation is maintained through an enzootic “mosquito—bird” cycle, in which wild birds,
particularly migratory species, serve as the main reservoir and play a key role in long-distance virus
dissemination [7, 8].

Most West Nile virus infections are asymptomatic; however, a proportion of patients develop uncom-
plicated febrile illness, and in rare cases severe neuroinvasive forms occur [9-11]. Mortality in neuroinvasive
disease may exceed 10 % among elderly individuals, and survivors often experience long-term neurological
sequelae. Recent studies have confirmed the first clinical cases of neuroinvasive WNF in the Almaty region
in 2019, indicating a real public health threat and confirming active virus circulation in southern regions of
Kazakhstan [12].

Over the past two decades, the nosoarea of WNF has been continuously expanding, including territories
of the Russian Federation and regions bordering Kazakhstan. Positive results for West Nile virus have been
reported in the West Kazakhstan region, while in Almaty an increase in the incidence of serous meningitis
during the summer period has been observed, the etiology of which remains unidentified [13].

Kazakhstan, located at the intersection of the Central Asian and Siberian—South Asian bird migration
flyways, is at risk of West Nile virus introduction. Climatic conditions, including warm summer periods and
the presence of numerous water bodies, favor mass breeding of Culex mosquitoes, the primary vectors of the
virus. Early studies conducted in 2013-2014 detected virus circulation in seven bird species in the vicinity of
major water bodies in the Almaty region—Sorbulak, Aksu, and Alakol [14]. Subsequent investigations in
2022-2023 in the Almaty and Zhambyl regions confirmed the presence of the virus in the hooded crow
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(Corvus corone), Eurasian jackdaw (Corvus monedula), and Eurasian sparrowhawk (Accipiter nisus), indi-
cating long-term circulation of WNF in southern Kazakhstan [15].

In contrast to European countries and the United States, where systematic epidemiological surveillance
of WNF is conducted, studies in Kazakhstan have been sporadic and have not encompassed all key compo-
nents of the epizootic chain, including birds, mosquitoes, ticks, and bats. The lack of comprehensive long-
term studies hampers accurate assessment of the current epizootiological situation and limits the ability to
predict risks to human and animal health.

Therefore, large-scale epizootiological monitoring of West Nile virus in Kazakhstan during 2023-2025
among potential reservoirs and vectors is critically important for identifying areas and intensity of virus cir-
culation, developing an effective epidemiological surveillance system, and integrating Kazakhstan into inter-
national arbovirus control programs.

Experimental

Sample Collection

Sampling was conducted during the active seasons of vectors, primarily from May to September, with
peak sampling occurring in June—August, corresponding to the highest activity of mosquitoes. Samples were
obtained from clinically healthy animals in natural biotopes (wetlands, river floodplains, forest belts) located
near human settlements and agricultural areas.

Samples from free-living migratory and synanthropic birds were collected using ornithological mist
nets, as well as from birds obtained during legally authorized hunting activities.

Bats were captured in old and abandoned buildings, attics, caves, and tunnels. An ultrasonic detector
Batbox Baton (NHBS, United Kingdom) was used to locate bat colonies. Individuals were captured using
entomological nets and mist nets in caves or manually in buildings. Swabs from mucosal surfaces and guano
samples were collected from bats. After sampling, all animals were released at the capture sites.

Mosquitoes were collected using entomological nets, CDC light traps, and aspirators during daytime
and nighttime in areas of mass breeding and resting. Ticks were collected by flagging (dragging) vegetation
and shrubs, as well as by removal from the bodies of captured mammals. For each sample, the date of collec-
tion, species, number of individuals, and geographic coordinates were recorded. Transportation to the labora-
tory was carried out on the day of collection; when immediate delivery was not possible, adult ticks were
temporarily stored in tubes with moistened filter paper at +4 °C for no more than 10 days. In the laboratory,
live ticks were surface-sterilized by double washing in 70 % ethanol for 30 s.

To improve PCR efficiency mosquitoes and ticks were pooled according to species, sampling location,
and collection date, with pool sizes ranging from 9 to 15 individuals for mosquitoes and from 1 to 5 individ-
uals for ticks, depending on their size and degree of blood engorgement (Table 2). All samples were immedi-
ately placed in transport medium and stored at —80 °C until laboratory analysis.

RNA Extraction and cDNA Synthesis

RNA was extracted from homogenized tissue samples and arthropod pools using the QlAamp Viral
RNA Mini Kit (Qiagen, Germany) in accordance with the manufacturer’s instructions. Reverse transcription
for first-strand cDNA synthesis was performed using SuperScript™ III Reverse Transcriptase (Invitrogen,
USA) and random hexamer primers.

PCR Detection of West Nile Virus

Detection of viral RNA was performed using a two-round PCR assay with primers recommended by
the OIE (Table 1) [16].

Table 1
Primers used for detection of West Nile virus by RT-PCR

No. Primer name Sequence (5'—3") Product size
1401F ACC-AAC-TAC-TGT-GGA-GTC
1 445 bp
1845R TTC-CAT-CTT-CAC-TCT-ACA-CT
1485F GCC-TTC-ATA-CAC-ACT-AAA-G
2 248 bp
1732R CCA-ATG-CTA-TCA-CAG-ACT

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 165



D.A. Alibekova, Z.D. Omarova et al.

PCR amplification was performed in a Mastercycler thermal cycler (Eppendorf, Germany) using the
OneStep RT-PCR Kit (Qiagen, Germany). The total reaction volume was 20 pL per sample.

The amplification program for the first round included: 45 °C for 45 min (reverse transcription); 95 °C
for 11 min; followed by 35 cycles of 95 °C for 30 s, 55 °C for 45 s, and 72 °C for 60 s, with a final extension
at 72 °C for 5 min. For the second round, the program consisted of 95 °C for 11 min followed by 35 cycles
of 95 °C for 30 s, 55 °C for 45 s, and 72 °C for 62 s.

Amplification products were visualized by electrophoresis in a 1.5 % agarose gel stained with ethidium
bromide.

Additionally, commercial real-time RT-PCR kits were used:

AmpliSens® WNV-FL (Central Research Institute of Epidemiology, Rospotrebnadzor, Russia). Analy-
sis was performed on a Rotor-Gene Q amplifier (Qiagen, Germany) according to the manufacturer’s instruc-
tions, with fluorescence detection in the FAM and JOE channels.

West Nile Virus (WNV) TagMan RT-PCR Kit (Norgen Biotek, Canada). Real-time RT-PCR was con-
ducted strictly following the manufacturer’s protocol using a Rotor-Gene Q instrument.

Sequencing and Phylogenetic Analysis

Sequencing was performed using the dideoxy chain-termination (Sanger) method with fluorescently la-
beled dideoxynucleotides on an automated 16-capillary Genetic Analyzer 3130xI (Applied Biosystems,
USA). POP-7 polymer was used for capillary electrophoresis. Sequencing reactions were generated using the
cycle sequencing method.

Phylogenetic analysis was conducted using MEGA version 6.06 [17] with the following parameters:
statistical method—Neighbor-Joining; test of phylogeny—bootstrap method; number of bootstrap replica-
tions—500; model/method—Kimura 2-parameter model; substitutions included—transitions and
transversions; gaps/missing data treatment—complete deletion; codons included—1st + 2nd + 3rd + non-
coding positions.

Statistical and Geospatial Analysis

Statistical analysis was performed using GraphPad Prism software. Descriptive statistics were applied
to calculate overall and regional prevalence rates. Chi-square tests were used to assess significant differences
in prevalence between regions. A p-value < 0.05 was considered statistically significant. Results were pre-
sented as percentages with 95 % confidence intervals to reflect uncertainty around the estimates.

Geographic coordinates of sampling sites were mapped using QGIS version 3.34.

Results and Discussion

During 2023-2025, biological samples were collected in 14 regions of the Republic of Kazakhstan
(Zhambyl, Almaty, Zhetisu, Turkestan, Kyzylorda, West Kazakhstan, Atyrau, Aktobe, Mangystau, Akmola,
North Kazakhstan, Karaganda, Abay, and East Kazakhstan regions). In total, samples were obtained from
362 wild migratory birds, 84 bats, 679 ticks, and 1,554 mosquitoes. Survey locations, sampling sites, and
numbers of collected samples are presented in Table 2 and Figures 1-2. During field investigations, no dis-
eased or dead animals were detected. Samples from birds and bats were collected exclusively from clinically
healthy individuals.

Table 2
Number of samples collected in the regions of Kazakhstan
No. Region Birds | Ticks (E)(;f) Mosquitoes M?;gg:;;) €s Bats
1 2 3 4 5 6 7 8
2023
1 | Kostanay 10 10 3 - - -
2 | Akmola 6 - - - - -
3 | Zhambyl 60 25 8 - - 1
4 | Atyrau - 5 5 - - 17
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Continuation of Table 2

No. Region Birds | Ticks (-Fl;(i)%ﬁ) Mosquitoes Mc();gglig) € Bats
1 2 3 4 5 6 7 8
2023
5 | Aktobe - 5 3 - - 12
6 | Abay - 10 3 - - -
7 | West Kazakhstan - 10 3 - - 22
8 | Almaty - 17 7 - - -
9 | Zhetisu - 15 6 - - -
Total 76 97 38 - - 52
2024
1 | Aktobe 13 - - 208 20 -
2 | Pavlodar 3 - - 12 1 -
3 | Zhambyl 27 18 13 12 1 -
4 | Karaganda 32 - - - - -
5 | Kyzylorda 29 45 21 41 4 -
6 | Turkestan 3 90 40 30 3 32
7 | Zhetisu 12 49 20 - - -
8 | Almaty 20 38 13 - - -
9 | Abay - 45 26 - - -
10 | West Kazakhstan - 35 11 51 5 -
11 | Atyrau - - - - - -
12 | Mangystau - - - - - -
Total 139 320 144 354 34 32
2025
1 | Almaty 131 43 16 101 10 -
2 | Zhambyl 2 7 7 100 10 -
3 | Karaganda 14 - - - - -
4 | West Kazakhstan - 74 64 100 10 -
5 | North Kazakhstan - 50 22 84 8 -
6 | Zhetisu - 45 41 103 10 -
7 | Atyrau - 13 13 100 10 -
8 | Mangystau - 30 21 - - -
9 | Aktobe - - - 100 10 -
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Continuation of Table 2

No. Region Birds | Ticks (-;:)%IT:) Mosquitoes Mc();ggli;;) € Bats

1 2 3 4 5 6 7 8
2025

10 | Kostanay - - - 99 10 -
11 | Turkestan - - - 100 10 -
12 | Kyzylorda - - - 100 10 -
13 | Akmola - - - 116 12 -
14 | East Kazakhstan - - - 97 10 -
Total 147 262 184 1200 120 -
Total 362 679 366 1554 154 84

P
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| 2025
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#
A
Q

Birds
Bats
Mosquitoes

Ticks
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Figure 1. Survey and sampling sites for birds in 2023-2025

All collected samples were tested for the presence of West Nile virus (WNV) RNA. As a result of the
study, WNV was detected only in samples from five birds (Table 3). The overall prevalence of WNV among
wild birds was 1.38 %, including 2.16 % in 2024 and 2.04 % in 2025. WNV RNA was detected in samples
from wild birds—common shelduck, duck, and black-headed gull—collected in the Pavlodar region in 2024
(prevalence 100 %), as well as in two samples—Eurasian jackdaw and magpie—collected in the Karaganda
region in 2025 (prevalence 35.7 %). The geographic distribution of WNV among birds is shown in Figure 3.
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Table 3
Results of PCR testing of wild bird samples for West Nile virus
No. Region Tested Positive % Positive 95 % ClI (%) p-value*
2023

1 | Kostanay 10 0 0.0 0.0-4.7 —

2 | Akmola 6 0 0.0 0.0-4.7 —

3 | Zhambyl 60 0 0.0 0.0-4.7 —
Total 76 0 0.0 0.0-4.7 —

2024

1 | Aktobe 13 0 0.0 0.0-2.7 —

2 | Pavlodar 3 3 100.0 29.2-100 0.000001

3 | Zhambyl 27 0 0.0 0.0-2.7 —

4 | Karaganda 32 0 0.0 0.0-2.7 —

5 | Kyzylorda 29 0 0.0 0.0-2.7 —

6 | Turkestan 3 0 0.0 0.0-2.7 —

7 | Zhetisu 12 0 0.0 0.0-2.7 —

8 | Almaty 20 0 0.0 0.0-2.7 —
Total 139 3 2.16 0.45-6.2 0.27

2025

1 | Almaty 131 0 0.0 0.0-2.8 —

2 | Zhambyl 2 0 0.0 0.0-2.8 —

3 | Karaganda 14 2 35.7 1.78-42.8 0.013
Total 147 2 1.36 0.17-4.8 0.27
Total 362 5 1.38 0.45-3.2 —

* p<0,05
West Kazakhstan 7
A s
@ WNV(+), 2024
@ WNV(+), 2025
Figure 2. Geographic distribution of West Nile virus among wild birds in Kazakhstan
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Analysis of published data indicates that more than 300 bird species are involved as hosts and carriers
of West Nile virus (WNV) [18]. In the present study, the sampled avifauna included representatives of dif-
ferent ecological groups, including waterfowl (Anas platyrhynchos, Tadorna tadorna), synanthropic and pas-
serine birds (Corvidae and other passerines, including Coloeus monedula and Pica pica), and semi-aquatic
species (Chroicocephalus ridibundus). Raptor species were also represented to a limited extent (e.g., Accipi-
ter nisus).

WNV-positive samples were detected in the common shelduck (Tadorna tadorna), mallard (Anas
platyrhynchos), and black-headed gull (Chroicocephalus ridibundus) from the Pavlodar region, as well as in
the Eurasian jackdaw (Coloeus monedula) and magpie (Pica pica) from the Karaganda region (Table 4).

Table 4
Characteristics of WNV-positive bird samples by species, location, and sampling date
Species Region District Sampling site Date Ec;rlggg:al Result
Tadorna tadorna Pavlodar Bayanaul Lake Shalkarkol | 17.08.2024 | Waterfowl | Positive
Anas platyrhynchos Pavlodar Bayanaul Lake Shalkarkol 17.08.2024 | Waterfowl | Positive
C_:h_r oicocephalus Pavlodar Bayanaul Lake Shalkarkol 17.08.2024 Seml_— Positive
ridibundus aquatic
Coloeus monedula Karaganda Nura Lake Balkhash 31.03.2025 Passerine Positive
Pica pica Karaganda Nura Lake Balkhash 31.03.2025 Passerine | Positive

Previously, in the Almaty region, WNV RNA had been detected in seven avian species serving as virus
carriers of West Nile fever. In 2015, WNV RNA was identified in samples from the common chiffchaff
(Phylloscopus collybita), Turkestan shrike (Lanius phoenicuroides), mallard (Anas platyrhynchos), great
cormorant (Phalacrocorax carbo), common whitethroat (Sylvia communis), common sandpiper (Actitis
hypoleucos), and Caspian gull (Larus cachinnans) [14].

Subsequently, during 2021-2023, in addition to the seven previously identified avian carriers, four
more bird species were identified as WNV carriers [15, 19]. In 2021, WNV was detected in samples from the
barn swallow (Hirundo rustica) and common chiffchaff (Phylloscopus collybitus) in the Zhambyl region,
while in 2022-2023 it was identified in samples from the hooded crow (Corvus corone), Eurasian jackdaw
(Corvusmonedula), and Eurasian sparrowhawk (Accipiter nisus). Based on these findings, it can be assumed
that many bird species previously given little attention actively participate in WNV circulation and likely
play a significant role in the maintenance and persistence of natural WNV foci. Occupying diverse ecologi-
cal niches, these bird species may serve as natural reservoirs of WNV.

Detection of WNV in birds in the Pavlodar region (2024) and Karaganda region (2025) is consistent
with the hypothesis that migratory birds play a leading role in virus introduction [20, 21]. While earlier
WNV activity had been documented mainly in western Kazakhstan [22], the present data provide the first
evidence of virus detection in birds from central and northeastern regions of the country. This may indicate
both an expansion of the virus activity range and the existence of previously unrecognized local foci along
migratory flyways.

Our recent studies also confirm the expansion of the WNYV distribution range in Kazakhstan [23]. In the
present study, the role of horses in WNV circulation in Kazakhstan was demonstrated for the first time. An-
tibodies to WNV were detected in horse sera from the Aktobe, Turkestan, Almaty, Zhetisu, West Kazakh-
stan, and Atyrau regions. The overall seroprevalence among horses was 8.7 %, indicating active virus circu-
lation in these regions and highlighting the need for targeted monitoring in equine populations. Horses, like
humans, are dead-end hosts [24] and do not play a significant role in further virus transmission; however,
their high susceptibility and pronounced clinical manifestations make them highly valuable sentinel ani-
mals [25, 26]. Detection of WNV-specific antibodies or clinical cases among horses that have not traveled
outside the region provides direct evidence of local virus transmission and serves as a warning signal of in-
creased risk to public health.
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At the same time, WNV RNA was not detected in any of the analyzed samples from mosquitoes
(n =1,554), ticks (n = 679), or bats (n = 84).

The absence of virus detection in mosquitoes in regions where WNV was identified in birds may be ex-
plained by several factors, including sporadic virus introduction, insufficient density of competent vector
populations (Culex spp.) for sustained transmission, sampling outside peak transmission seasons, or extreme-
ly low circulation intensity below the detection limit of the applied methods [27]. When interpreting these
results, several limitations of the study should be considered: sampling may not have fully covered key peri-
ods of bird migration and peaks of mosquito activity; reliance solely on PCR screening without parallel sero-
logical monitoring may have led to underestimation of overall infection prevalence; and variation in sample
numbers across regions and years complicates assessment of long-term trends.

Within the framework of the present study, one sequence fragment of the WNV E gene with a length of
546 bp was obtained. Phylogenetic analysis showed that this sequence was most closely related to isolates
previously detected in the West Kazakhstan region of Kazakhstan and the Volgograd region of the Russian
Federation. The analysis assigned the virus to genotype 1.

Ar A West Nile virus strain 1
KX129741 West Nile virus strain West Kazakhstan/mosquito 2

KX129740 West Nile virus strain West Kazakhstan/mosquito 1

I OP345106 West Nile virus isolate Volgograd 5/20

~ OP345107 West Nile virus isolate Volgograd 810/19
- FI265701 West Nile virus isolate VLG-07-26571

KT207791 West Nile virus isolate 792/14

PQ8B9026 West Nile virus isolate Krasnodar 115/24

OK239669 West Nile virus strain 5204 WNV HUN2017

MH939153 West Nile virus strain DD58c

- OP868929 West Nile virus strain Strix nebulosa-12

— MN238669 West Nile virus isolate Lorestanl

PQ889031 West Nile virus isolate Astrakhan 3082/24

KC131128 West Nile virus strain 0121m ISR09

EF429200 West Nile virus H442

PP622758 West Nile virus isolate MD20

Figure 3. Phylogenetic analysis of the Kazakhstan West Nile virus isolate

Phylogenetic analysis demonstrated that the obtained E gene sequence, classified as genotype 1la,
showed the highest similarity to isolates from the West Kazakhstan region of Kazakhstan and the Volgograd
region of the Russian Federation [28, 29]. This finding supports the hypothesis of a unified transboundary
circulation area of West Nile virus [30] and once again highlights the key role of migratory birds in virus
dissemination.

These findings highlight the need to improve West Nile virus surveillance in Kazakhstan. Monitoring
efforts should be focused on priority targets, including wild migratory birds at key stopover sites and Culex
mosquitoes. It is critically important to incorporate regular serological screening (ELISA) of horses into the
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national surveillance system, particularly in regions identified in this study as potential points of virus intro-
duction (Pavlodar and Karaganda). To accurately track virus dissemination routes and evolutionary dynam-
ics, further studies aimed at sequencing complete genomes of Kazakhstan West Nile virus isolates are re-
quired.

Conclusion

Based on the results of epizootiological monitoring conducted in 2023-2025 across 14 regions of Ka-
zakhstan, the following conclusions can be drawn. A total of 362 samples from wild migratory birds, 84
from bats, 679 from ticks, and 1,554 from mosquitoes were collected from clinically healthy animals and
analyzed. The overall prevalence of West Nile virus (WNV) RNA among wild birds was 1.38 %, with posi-
tive results detected only in 2024 and 2025 (2.16 % and 1.36 %, respectively) and geographically confined to
the Pavlodar and Karaganda regions. These findings confirm the role of migratory birds in the introduction
of WNV into the central and northeastern regions of the country. No viral RNA was detected in any samples
from mosquitoes, ticks, or bats, which may indicate a sporadic introduction of the virus or a low level of lo-
cal circulation.

Phylogenetic analysis of the obtained nucleotide sequence of the E gene fragment (546 bp) classified
the isolate as genotype la and revealed its closest similarity to strains circulating in the West Kazakhstan
region of Kazakhstan and the VVolgograd region of the Russian Federation, supporting the existence of a uni-
fied transboundary circulation area of WNV. The obtained results substantiate the need for further optimiza-
tion of the surveillance system, with emphasis on monitoring wild birds and mosquito vectors, as well as the
inclusion of serological screening of horses as a sensitive indicator of local virus transmission in the identi-
fied high-risk areas.
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2023-2025 xbraaapel Kazakeran Pecny0ankacbiHAaFbI
Bartbic Hinn Kp130acbiHa MOHUTOPUHT

2023-2025 sxbutmapsr Kasakcran PecnyOnukaceinbsiy 14 o6nbIchIHBIH aymarbigaa barsic Hinm kpr36acer
BUPYCBIHBIH TaOWFH OILIAKTapAarbl alHaIBIMBIH OaFajay MaKCaThIHAA KCLICHII SMU300TOJIOTUSUIBIK JKOHE
MOJICKYJIAIBIK MOHUTOPHHT KYPri3inmi. 3epTTey JKYMBICTaphl OPTYpl TaOMFU-KIMMATTBHIK aiMaKTapabl
KaMTBIN, KO3ABIPFBIITHIH HETI3ri BIKTUMAI pe3epByapiapbl MeEH TachIMalIaylIbUIaphblH aHBIKTayFa
GarpITTaNBL. 3epTTEy OOBEKTIEpPl peTiHe kabaibl KOHBIC ayIapaThIH )KoHEe CHHAHTPONTHI KycTap, Macaiap,
MKCOJTHI KEHellep JKoHe jKapKaHaTTap KapacThIPBUIIBI. bronorusuisik Matepuanap tTaburu Guoronrapaa, cy
aifIpIHIapbIHA JKaKBIH ayMaKTap/ia jKoHe eJITiMEeKeHIep MaHbIH/Ia KIMHHUKAIBIK cay XKaHyapJiap/iaH ajabIHIbL.
Bapneirel kxabaiibl KycTapiaH anblHFaH 362 yiri, skapkaHatTtapiaH 84 yiri, 679 keHe xoHe 1554 maca
3epTTeni. 3epTXaHanblK AWarHoctuka bareic Him Kp130acel BUpYCHIHA cHenUUKAIBIK TMpaiMeprepi
KOJIZIaHa OTBIPHII, mosmMepasnsl Tizoekti peakmus (I1TP) omicimen xyprizingi. 3eprrey HoTmkecinge BHK
BupychiHBIH PHK-chI Tek jkxabalibl KycTapAaH ajbIHFaH YJATLIeple FaHa aHBIKTANIBI, SFHH 362 yiriHiH 5-
eyinme, Oyn kamnbl Tapany aeHreiinin 1,38 %-biH kypamsl (95 % CA: 0,45-3,19 %). Macanapaas,
KeHeJep/eH KoHe jKapKaHaTTapjaH ajblHFaH yiarinepae Bupyc PHK-cel anbikTanran sxok. OH HoTIKeTIep
IMaBnomap xeoHe Kaparanael oOJbIcTapblHIOa TipKeini, Oyl KOHBIC ayaapaTtelH KycrapiaslH bateic Hin
BUpYychIH KazakcTaH ayMmarblHa €HTi3yleri jKeTeKIIi peJiH pacTaiipl. AJIBIHFaH AepeKTep WH(EKIHUIHBIH
TaOWUFH OUIAKTAPBIHBIH KAJIBIIITACYBl MEH CaKTally KayIliH YaKTBUIBI Oarajiay YIIiH >KYHeli 3TH300TOIOTHSUITBIK
JKOHE MOJICKYJIaJIbIK MOHUTOPUHITI KaJIFAaCTBIPY IbIH MAHBI3ABUIBIFBIH KOPCETE .

Kinm ce30ep: monuropusr, [1TP, Batsic Hin ke130acsl, GpruaBuBupycrap, xabdalbl KycTap, Macajap, KeHelep,
JKapKaHaTTap, SIIU300TOIOTHSIIBIK MOHUTOPHHT.

J1.©. Onibekosa, 3./]. OmapoBa, P.A. PricraeBa, T.Y. Aprumbacna,
A.b. Tynennubaes, H. Oyookip, T.T. Epmex6aii., K.b. bapak6aes,
I".I. Cmut, M.B. Opbinbaen

MounnTopuHr Juxopaaku 3anaguoro Huna B Pecmy0oinke Kasaxcran
B 2023-2025 rr.

B 2023-2025 rr. Ha Tepputopuu 14 obnacteit Peciyoniku Kasaxcran npoBenéH KOMIIEKCHBIH 3MTH300TOJI0-
THYECKHH U MOJICKYIISIPHBIIT MOHUTOPHHT Jimxopaaku 3amangHoro Huma (JI3H) ¢ mensio oneHKH DUPKYISIAN
BHpYCa B IPHPOAHBIX OYarax M BBIBICHUS ITOTEHIIHANIBHBIX PICKOB ()OPMUPOBAHNUS YCTONIUBBIX SIMHIEMHO-
JIOTMYEeCcKuX 30H. MccnenoBanue 0XBaTEIBAIIO OCHOBHBIC MpeEJIIIONIaraeMble pe3epByapsl U MEPEeHOCTUKH BO3-
Oymurens, BKIIOYAs TUKUX MEPETETHBIX NTUIl, KOMapoB, UKCOMOBEIX KIEIIeH M JIeTyunX MbIIeH, oToOpaH-
HBIX B MPUPOTHBIX OMOTONAX M BONM3M HaceIEHHBIX MYHKTOB. Beero Obuto mccnenoBano 362 obpasua 6uo-
JIOTMYECKOT0 MaTepuana oT AUKUX NTHll, 84 obpasia OT JeTy4ux Mblmel, 679 kinemei u 1554 xomapa. Jla-
60paTOPHYIO AMArHOCTUKY NMPOBOAMIN METOJOM IOJMMEPa3HON LIEMHON peakluy ¢ UCIONb30BaHUEM Mpaii-
MEpOB, CrieHU(pUIHBIX K BUpYCY auxopaaku 3amagHoro Huma. Tlo pesynsraTam uccnenosanuii PHK Bupyca
JI3H Oblna BBISBIICHA MCKIFOYUTENBHO Y AUKUX NTHII — B 5 w3 362 00pasioB, 4TO COOTBETCTBYET OOIICH
pacnpoctpanénnocta 1,38 % (95 % IAW: 0,45-3,19 %). B oOpasuax, HOJIy4eHHBIX OT KOMapoB, Kieuiei u
neryunx mbimei, PHK Bupyca JI3H oOnapyxena ne Obuta. ITonoskurenbHbIe IPOOBI 3aperuCTPUPOBAHEI B
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ITaBnonapckoit 1 KaparanauHckoi 061acTaX, YTO MOATBEPKAAET BEAYIIYIO POJIb MUTPUPYIOMIUX MTHI[ B 3a-
Hoce Bupyca Ha Tepputopuio Kazaxcrana. IlomydyeHHble TaHHbBIE yKa3bIBAalOT HA HEOOXOIUMOCTh MPOJOIKE-
HHS CHCTEMAaTHYECKOTO 3MU300TOJIOTHUECKOTO U MOJIEKYSIPHOTO MOHUTOPHHTA JUISi CBOEBPEMEHHOM OLIEHKH
PHCKOB ()OPMHUPOBAHUS ¥ MOAJEPIKAHIS IPHPOIHBIX 09aroB HHPEKIUH.

Kniouesvie cnosa: mountopusr, [P, nuxopanka 3anagHoro Huna, ¢iaBUBHpYCHI, TUKUE TTUIBI, KOMapHI,
KJICIIH, JIETYYHE MBIILIH, SITU300TOJIOTHIECKUNA MOHUTOPHHT .
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Invasive plant species in the flora of the Karaganda region

Studying the invasive flora of regions is an important task for preserving biological diversity and monitoring
the potential spread of invasive taxa. The aim of this study was to compile a list of invasive vascular plant
species in the Karaganda region and to characterize them according to their distribution, time and mode of in-
troduction, and degree of naturalization. The study identified 112 invasive species belonging to 91 genera and
36 families in the region. In terms of the time of introduction, neophytes predominate in the Karaganda Re-
gion — 97 species, or 86.6 %. Archeophytes account for a smaller share — 15 taxa (13.4 %). According to
the mode of introduction, the following were identified: ergasiophytes (53 species, or 47.3 %), xenophytes
(54 species, or 48.2 %), and acoluthophytes (5 species, or 4.5 %). According to the degree of naturalization,
the following were identified: epicophytes (47 species or 42.0 %), ephemerophytes (26 species or 23.2 %),
agrioophytes (27 species or 24.1 %), and colonophytes (12 species or 10.7 %). In terms of distribution, inva-
sive species were classified as follows: occasional — 34 taxa (30.35 %); common — 44 taxa (39.28 %); very
rare — 14 taxa (12.50 %); rare — 19 taxa (16.96 %). The data obtained reflect active migration processes in-
volving the dispersal of seeds of invasive species and their gradual integration into local plant communities.
The active naturalization and prevalence of many taxa require constant monitoring and the development of
programs to curb their further spread in the Karaganda region.

Keywords: invasive species, Karaganda region, dispersal method, degree of distribution, time of dispersal,
degree of naturalization.

Introduction

The Convention on Biological Diversity (1992) calls for the conservation of ex situ habitats, that is, the
conservation of habitats within ecosystems and natural habitats. At the 15th meeting of the Conference of the
Parties to the Convention on Biological Diversity (Montreal, Canada, December 7-19, 2022), it was agreed
in agenda item 21 that invasive species are one of the main factors contributing to the loss of natural biodi-
versity on a global scale. Noting the increase in international shipments of living organisms and the potential
for their introduction into new territories, it is proposed that invasive species be monitored at the national
level, measures be taken to mitigate any harmful effects on local populations, and population sizes be con-
trolled and regulated. Conference participants noted the need to study the pathways of invasion of flora and
fauna species, assess the damage caused, and take measures to prevent their spread, further introduction, or
mitigate the consequences [1].

According to the definition of https://www.gisp.org/, invasive alien species are animals, plants, fungi,
and microorganisms that have entered an environment that is not their natural habitat and have established
themselves there [2].

Many countries around the world have developed strategies to combat invasive species. For example,
the European Strategy on Invasive Alien Species (2003) [3] states that invasive species have long been intro-
duced into Europe, but this process has accelerated over the past century, posing threats to biodiversity. The
guiding principles of the strategy for combating invasive species establish a three-stage approach: 1) prevent-
ing introduction into other countries and within countries; 2) if introduction has occurred, take early warning
measures to prevent establishment; 3) in the event of establishment, take measures for the long-term man-
agement of invasive species. In the United States, there is a plan for managing invasive species that involves
federal agencies, state agencies, local authorities, and the private sector. Specifically, the transport of inva-
sive species between states is completely prohibited; measures are in place for their on-site eradication; and
grants are regularly allocated for the control and eradication of invasive weed species.
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In Russia, a large-scale study was conducted on the most dangerous invasions [4], of which about 62 %
were introduced accidentally, 33 % intentionally, and 5 % spread on their own. Many alien species currently
occupy a small range but tend to spread rapidly.

Kazakhstan has not yet adopted a strategy to combat invasive species, and there is no comprehensive
list of species, particularly at the regional level, which justifies the relevance and novelty of this study. The
study of invasive species must begin at the regional level.

The aim of this study is to compile a list of invasive plant species in the Karaganda Region and to char-
acterize them by time and mode of introduction, as well as their degree of naturalization.

Experimental

The subject of the study was alien species of vascular plants in the flora of the Karaganda Region. Field
collections and data analysis were conducted in 2025. A preliminary inventory of alien plants was compiled
based on an analysis of field journals, herbarium materials (herbarium funds: AA, QAR, TASH, LE, MW,
SVER, NS, NSK, KUZ, ALTB), and data from the GBIF and iNaturlist platforms. Field studies covered var-
ious parts of the Karaganda Region; based on these collections, the species composition of the flora was ana-
lyzed and invasive species were identified.

Taxonomic characterization was based on an analysis of the species, genus, and family composition of
invasive species. The names of the accepted plant genera and species are taken from the Plants of the World
Online (POWO) website [5].

The occurrence of species was assessed using the following gradations: common—species are found
everywhere in suitable habitats; occasional—plants occur sporadically but not in all regions of the study ar-
ea; rare—plants found only sporadically in individual regions of the study area; very rare—no more than 5
locations are known throughout the entire study area [6].

Based on the mode of introduction, the following groups are distinguished: ergasiophytes, alucophytes,
and xenophytes [7]; based on the time of introduction: neophytes and archaeophytes [8]; and based on the
degree of naturalization: epecophytes, ephemerophytes, agriophytes, and colonophytes [9].

Results and Discussion

Analysis of the invasive flora of the Karaganda Region has allowed for the preliminary identification of
112 species of adventive (introduced) plants belonging to 36 families and 91 genera (Table 1). The greatest
species diversity is exhibited by the families Asteraceae (24 species, 21.4 %), Brassicaceae
(10 species, 8.9 %), Poaceae (9 species, 8.0 %), and Rosaceae (5 species, 4.5 %), which is characteristic of
the flora of temperate regions with actively cultivated agricultural lands. They account for more than 40 % of
all introduced species in the region.

Table 1
List of invasive plant species in the Karaganda Region
No. Species Family . Period qf . Mode O.f Degree OT Occurrence
introduction | introduction | naturalization
1 |Amaranthus albus L. Amaranthaceae neophyte xenophyte epiphyte occasionally
2 |Amaranthus blitoides S. Wats. | Amaranthaceae neophyte xenophyte epiphyte rare
3 |Amaranthus retroflexus L. Amaranthaceae neophyte xenophyte epiphyte common
4 |Atriplex hortensis L. Amaranthaceae neophyte ergasiophyte |ephemerophyte| occasionally
5 |Bassia scoparia (L.) Beck Amaranthaceae |  neophyte xenophyte epiphyte common
6 |Anethum graveolens L. Apiaceae neophyte ergasiophyte |ephemerophyte| common
7 |Carum carvi L. Apiaceae neophyte xenophyte agriophyte occasionally
8 [Conium maculatum L. Apiaceae archaeophyte xenophyte epiphyte very rare
9 |Pastinaca sativa L. Apiaceae archaeophyte | ergasiophyte agriophyte occasionally
10 |Turgenia latifolia (L.) Hoffm. Apiaceae neophyte acolyutophyte |ephemerophyte rare
11 |Artemisia sieversiana Ehrh. ex |  Asteraceae neophyte xenophyte epiphyte common
12 |Artemisia tournefortiana Asteraceae neophyte | acolyutophyte |ephemerophyte| occasional
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13 |Carduus acanthoides L. Asteraceae neophyte xenophyte |ephemerophyte| common
14 |Centaurea cyanus L. Asteraceae neophyte xenophyte epicophyte occasional
15 |Centaurea diffusa Lam. Asteraceae neophyte xenophyte epicophyte occasional
16 |Centaurea pseudomaculosa Asteraceae neophyte xenophyte epicophyte rare
17 |Cichorium intybus L. Asteraceae neophyte ergasiophyte agriophyte common
18 |Cota tinctoria (L.) G. Gay Asteraceae neophyte | acolyutophyte | epicophyte occasional
19 |Cyclachaena xanthiifolia Asteraceae neophyte xenophyte epiphyte rare
20 |Echinops sphaerocephalus L. Asteraceae neophyte xenophyte epicophyte rare
21 |Erigeron canadensis L. Asteraceae neophyte xenophyte epiphyte common
22 Grindelia squarrosa (Pursh) Asteraceae neophyte xenophyte epicophyte rare
23 |Helianthus annuus L. Asteraceae neophyte ergasiophyte |ephemerophyte| occasionally
24 |Helianthus tuberosus L. Asteraceae neophyte ergasiophyte epiphyte occasionally
25 |Matricaria chamomilla L. Asteraceae neophyte xenophyte |ephemerophyte| common
26 |Matricaria discoidea DC. Asteraceae neophyte xenophyte agriophyte rare
27 |Rhaponticum repens (L.) Asteraceae neophyte xenophyte epiphyte common
28 |Senecio viscosus L. Asteraceae neophyte xenophyte agriophyte rare
29 |Sonchus oleraceus L. Asteraceae archaeophyte | xenophyte agriophyte usually
30 |Tragopogon dubius Scop. Asteraceae neophyte xenophyte epicophyte common
31 |Tripleurospermum inodorum Asteraceae | archaeophyte | xenophyte epiphyte common
32 |Xanthium orientale L. Asteraceae neophyte xenophyte epiphyte rare
33 [Xanthium strumarium L. Asteraceae neophyte xenophyte agriophyte common
34 |Armoracia rusticana Brassicaceae neophyte ergasiophyte | colonophyte common
35 |Brassica juncea (L.) Czern. Brassicaceae neophyte xenophyte |ephemerophyte| common
36 |Brassica rapa L. Brassicaceae | archaeophyte xenophyte epiphyte occasionally
37 |Bunias orientalis L. Brassicaceae neophyte xenophyte epiphyte occasionally
38 |Camelina sativa (L.) Crantz Brassicaceae neophyte ergasiophyte |ephemerophyte| common
39 |Capsella bursa-pastoris (L.) Brassicaceae | archaeophyte | xenophyte agriophyte usually
40 |Hesperis matronalis L. Brassicaceae neophyte ergasiophyte |ephemerophyte rare
41 |lsatis tinctoria L. Brassicaceae | archaeophyte xenophyte agriophyte common
42 |Lepidium densiflorum Schrad. | Brassicaceae neophyte xenophyte epiphyte occasional
43 |Rhamphospermum arvense Brassicaceae | archaeophyte xenophyte epiphyte occasional
44 |Cannabis sativa L. Cannabaceae | archaeophyte | ergasiophyte epephyte occasionally
45 |Impatiens glandulifera Royle | Balsaminaceae neophyte ergasiophyte agriophyte very rare
46 |Berberis vulgaris L. Berberidaceae neophyte ergasiophyte | colonophyte | very common
47 |Cerinthe minor L. Boraginaceae neophyte xenophyte |ephemerophyte|  very rare
48 |Echium vulgare L. Boraginaceae neophyte ergasiophyte | epicophyte common
49 |Symphytum officinale L. Boraginaceae neophyte ergasiophyte | epicophyte rare
50 |Cerastium holosteoides Fries. |Caryophyllaceae| neophyte xenophyte agriophyte occasionally
51 |Gypsophila vaccaria (L.) Sm. |Caryophyllaceae| neophyte xenophyte epiphyte common
52 |Saponaria officinalis L. Caryophyllaceae| neophyte ergasiophyte epiphyte occasionally
53 |Silene csereii Baumg. Caryophyllaceae| neophyte xenophyte epicophyte occasional
54 |Stellaria media (L.) Vill. Caryophyllaceae| neophyte xenophyte epiphyte common
55 |Euonymus europaeus L. Celastraceae neophyte ergasiophyte agriophyte rare
56 |Cornus alba L. Cornaceae neophyte ergasiophyte | colonophyte very rare
57 |Echinocystis lobata (Michx.) | Cucurbitaceae neophyte ergasiophyte |ephemerophyte rare
58 |Cuscuta approximata Bab. Convolvulaceae | neophyte xenophyte epiphyte occasional
180 Fundamental and Experimental Biology. 2026, 31, 2(122)
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59 |Cuscuta europaea L. Convolvulaceae | neophyte xenophyte epiphyte common
60 |Thuja occidentalis L. Cupressaceae neophyte ergasiophyte |ephemerophyte Rare
61 |Elaeagnus angustifolia L. Elaeagnaceae neophyte ergasiophyte agriophyte usually
62 |Elaeagnus commutata Bernh. | Elaeagnaceae neophyte ergasiophyte agriophyte rare
63 |Hippophae rhamnoides L. Elaeagnaceae neophyte ergasiophyte agriophyte occasionally
64 |Caragana arborescens Lam. Fabaceae neophyte ergasiophyte agriophyte common
65 |Medicago sativa L. Fabaceae neophyte ergasiophyte agriophyte usually
66 |Trifolium pratense L. Fabaceae neophyte ergasiophyte epiphyte common
67 |Trifolium repens L. Fabaceae neophyte xenophyte |ephemerophyte| common
68 |Fumaria officinalis L. Papaveraceae neophyte xenophyte |ephemerophyte| common
69 |Ribes aureum Pursh. Grossulariaceae |  neophyte ergasiophyte | colonophyte common
70 |Phacelia tanacetifolia Benth. | Hydrophyllacea| neophyte ergasiophyte |ephemerophyte rare
71 |Clinopodium acinos (L.) Lamiaceae neophyte xenophyte |ephemerophyte| very rare
72 |Galeopsis bifida Boenn. Lamiaceae neophyte xenophyte epiphyte occasional
73 |Galeopsis ladanum L. Lamiaceae neophyte xenophyte epiphyte occasional
74 |Leonurus quinquelobatus Lamiaceae neophyte xenophyte |ephemerophyte| occasional
75 |Alcea rosea L. Malvaceae neophyte ergasiophyte |ephemerophyte| common
76 |Malva pusilla Smith. Malvaceae neophyte xenophyte epiphyte common
77 |Tilia cordata Mill. Malvaceae neophyte ergasiophyte | colonophyte very rare
78 Fraxinug pennsylvanica Oleaceae neophyte ergasiophyte agriophyte occasionally
79 |Syringa vulgaris L. Oleaceae neophyte ergasiophyte | colonophyte | occasionally
80 |Roemeria refracta DC. Papaveraceae neophyte acolyutophyte |ephemerophyte rare
81 |Agropyron cristatum (L.) Poaceae neophyte ergasiophyte | agriophyte common
82 |Avena fatua L. Poaceae archaeophyte xenophyte epiphyte usually
83 |Avena sativa L. Poaceae archaeophyte | ergasiophyte |ephemerophyte usually
84 |Bromus tectorum L. Poaceae neophyte xenophyte epiphyte common
85 |Digitaria sanguinalis (L.) Poaceae neophyte | acolyutophyte |ephemerophyte rare
86 |Echinochloa crus-galli (L.) Poaceae archaeophyte | xenophyte epiphyte common
87 |Elymus violaceus (Hornem.) Poaceae neophyte xenophyte epiphyte occasional
88 |Hordeum jubatum L. Poaceae neophyte xenophyte agriophyte common
89 |Hordeum vulgare L. Poaceae archaeophyte | ergasiophyte |ephemerophyte usually
90 [Panicum miliaceum L. Poaceae archaeophyte | ergasiophyte agriophyte occasionally
91 |Fagopyrum esculentum Polygonaceae neophyte ergasiophyte |ephemerophyte rare
92 |Clematis mandshurica Rupr. Ranunculaceae neophyte ergasiophyte |ephemerophyte| very rare
93 |Amelanchier spicata (Lam.) Rosaceae neophyte ergasiophyte | colonophyte very rare
94 |Malus baccata (L.) Borkh. Rosaceae neophyte ergasiophyte agriophyte common
95 |Malus domestica Borkh. Rosaceae neophyte ergasiophyte | colonophyte usually
96 |Prunus tomentosa Thunb. Rosaceae neophyte ergasiophyte agriophyte common
97 |x Sorbaronia fallax Rosaceae neophyte ergasiophyte | colonophyte | occasional
98 |Populus alba L. Salicaceae neophyte ergasiophyte agriophyte occasionally
99 |Populus * sibirica Salicaceae neophyte ergasiophyte | colonophyte occasional
100 |Salix acutifolia Willd. Salicaceae neophyte ergasiophyte agriophyte common
101 |Salix alba L. Salicaceae neophyte ergasiophyte agriophyte common
102 |Acer campestre L. Sapindaceae neophyte ergasiophyte | colonophyte very rare
103 |Acer negundo L. Sapindaceae neophyte ergasiophyte agriophyte occasionally
104 |Acer tataricum L. Sapindaceae neophyte ergasiophyte | colonophyte | occasionally
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105 |Solanum nigrum L. Solanaceae archaeophyte xenophyte epiphyte occasionally
106 |Portulaca oleracea L. Portulacaceae neophyte xenophyte epiphyte

107 |Reseda lutea L. Resedaceae neophyte xenophyte epiphyte very rare
108 |Myricaria bracteata Royle Tamaricaceae neophyte ergasiophyte |ephemerophyte| very rare
109 |Viola arvensis Murr. Violaceae neophyte xenophyte epiphyte very rare
110 |Parthenocissus quinquefolia Vitaceae neophyte ergasiophyte epiphyte Very rare
111 |UImus laevis Pall. Ulmaceae neophyte ergasiophyte epephyte occasionally
112 |UImus pumila L. Ulmaceae neophyte ergasiophyte epiphyte usually

In terms of the time of introduction to the Karaganda region, neophytes—species introduced after
1700—dominate. There are 97 taxa (86.6 %) of these, indicating an active influx of alien plants in the most
recent period, associated with the development of agriculture, urbanization, and the expansion of horticul-
ture. The remaining species are classified as archaeophytes, that is, species that arrived before 1700. This
group consists of 15 species (13.4 %). They are predominantly associated with ancient agriculture and long-
term anthropogenic impact (e.g., Sonchus oleraceus, Avena fatua, Capsella bursa-pastoris, and others).

Based on their mode of introduction, the largest number of species fall into three main categories:

o Ergasiophytes — 53 species (47.3 %), plants originally introduced by humans into cultivation (or-
namental, forage, medicinal, etc.) and subsequently naturalized in the wild flora (Helianthus tuberosus,
Medicago sativa, Acer negundo);

o Xenophytes — 54 species (48.2 %), introduced accidentally via crop seeds, transportation, or other
means (Erigeron canadensis, Bromus tectorum, Xanthium orientale);

o Acclimatized species — 5 species (4.5 %) that spread independently without direct human involve-
ment, for example, Turgenia latifolia and Roemeria refracta.

¢ Invasive species are classified by degree of naturalization as follows:

o Epicofytes — 47 species (42.0 %), fully established and actively reproducing in natural habitats
(e.g., Erigeron canadensis, Rhaponticum repens, Lepidium densiflorum).

e Ephemerophytes — 26 species (23.2 %), which take root temporarily but do not form stable popula-
tions (Helianthus annuus, Digitaria sanguinalis).

e Agrophytes — 27 species (24.1 %), having colonized agrocenoses and disturbed biotopes (Capsella
bursa-pastoris, Panicum miliaceum).

e Colonophytes — 12 species (10.7 %), restricted to artificial or semi-natural habitats (Berberis vul-
garis, Tilia cordata, Populus * sibirica).

In terms of prevalence, invasive species were distributed as follows: occasionally — 34 taxa (30.35 %);
commonly — 44 taxa (39.28 %); very rarely — 14 taxa (12.50 %); rarely — 19 taxa (16.96 %). We can ob-
serve a trend whereby more than one-third of the identified invasive species fall into the “common” category,
and about 30 % into the “occasional” category, which indicates their widespread distribution. This situation
points to existing threats to the native flora.

Conclusion

Thus, the structure of the adventive flora of the Karaganda Region indicates the dominance of modern
introductions (neophytes) and the significant role of xeno- and ergasiophytes, reflecting both unintentional
seed dispersal and the results of human economic activity. The predominance of epecophytes indicates the
active naturalization of some alien plants and their gradual incorporation into local plant communities, which
requires constant monitoring to prevent potential invasive processes. These same data are confirmed by the
classification of more than half of the invasive species into the “common” and “occasional” categories based
on their prevalence in the study area.

The data obtained can serve as a basis for compiling a reference guide on alien plant species in the
Karaganda Region and for developing measures to monitor them and prevent their further spread.
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A. Kamn, A.C. Caiinay

Kaparanabl 00J1bICHI (MJIOPAaCBIHBIH MHBA3UBTI TypJiepi

AWMaKTBIH MHBa3MBTI (JIOPAchIH 3epieney OMOJOTHSJIBIK SPTYPIUTIKTI cakray >KSHE OChl TaKCOHAApIbIH
OJIaH opi TapaybIHBIH MOHHTOPHUHII YIIIH MaHBI3/bl MiHACT. 3epTTeyniH MakcaTsl KaparaHsl 0GJIBICBIHBIH
TaMBIPIBI ©CIMAIKTep (IOpachlHBIH WHBA3MBTI TYPJIEpPiHIH KOHCIEKTICIH jkacay >KOHE OJIapJblH Tapany,
OKeTHy YpJIici MeH TOCUIIH OCHl alMaKTarbl TaOWFHWIIAHIBIPY Aopekeci OOWBIHINA cumarray. 3eprrey
HOTHIKEJIEpi KOpCeTKeH e, aifiMakta 91 Tykpimmac meH 36 TyKbIMHBIH 112 WHBa3HBTI TYpi aHBIKTAJFaH.
Okeny yakpIThl OoifbiHina Kaparanael oGubichiHaa Heodutrepain 97 Typi Hemece 86,6 % Oackim. EH a3
ynecti apxeodpurrep — 15 Takcon (13,4 %) amamsl. Enrizy Tocinmi OolbIHIIA MBIHafgal: spracuodurTep
(53 typ Hemece 47,3 %), kceHodurrep (54 Typ Hemece 48,2 %), akomotodurrep (5 Typ Hemece 4,5 %). Ka-
paThUIBICTAaHy Tociii OolibiHma: smmkopurrep (47 Typ Hemece 42,0 %), adpemepodurrep (26 Typ Hemece
23,2 %), arpuodurrep (27 Typ Hemece 24,1 %), komonodurrep (12 Typ Hemece 10,7 %) Oeminai. MHBa3UBTIK
TYpJIEpAiH Tapaiy Jopexeci OoifbIHIIa OpuTaiima Oeminesni: cupex — 34 takcoH (30,35 %); xaif — 44 TakcoH
(39,28 %); ete cupex — 14 takcon (12,50 %); cupek — 19 takcon (16,96 %). AnblHraH AepeKTepP WHBA3UBTI
TYPJEPIiH TYKBIMIAPBIH CHTI3YAiH OCIICEH/I KOIli-KOH IPOLECTEPiH JKOHE OJapJbIH JKEPTUTIKTI ©CIMIIK
KOFaMIaCTBIKTapbIHa OIpTIHIEI eHri3inyiH kepcereni. Kenreren takconmapablH OelceHAl Type TaburaTKa
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A. Kali, A.S. Sailau

aliHaybl MEH Tapaiybl TYPaKThl MOHMTOPHMHITI jkoHe KaparaHzabpl oOJIbICEIHIA OZlaH dpi TapalyblH TEXey
OarqapraMaapbIH 93ipIeyai Tanan eTemi.

Kinm ce30ep: nHBa3uBTI Typiaepi, Kaparanapl oOIBICHIHBIH aliMarbl, 9KeNy TOCLII, Tapally IOpexeci, oKemry
YaKBITHI, XKapaThLTLy TopexKeci.

A. Kanu, A.C. Caitnay

NuBa3uBHble BUABI Piiopbl Kaparananackoii 0061actu

W3ydenne nHBa3MBHOI (IIOPHI PETMOHOB SBISIETCS] BAKHOI 3a/1aueil JUI1 COXpaHEHHsT OMOJIOTHYECKOTO pas-
HOOOpa3wsi ¥ MOHHTOPHHTA BO3MOXKHOTO IANbHEHINEero pacrpoCTpaHEHHs! JAHHBIX TaKcOHOB. llenpro Ha-
CTOSIIIIETO MCCIIEIOBAHMS SBJIIIOCH COCTAaBICHHE KOHCIEKTa MHBA3UBHBIX BUJIOB (DIOPHI COCYAMCTHIX pacTe-
Huit KaparananHckoi o0J1acTH U MX XapaKTEPUCTHKA IO CTENEHH PaclpOCTPaHEeHHOCTH, CTEIIEHH U CIIOCO0y
3aHOCA, CTENEHM HATypalU3allid B JJAHHOM PETHOHE. Pe3ynbpTaThl HCCIEI0BaHUM MOKA3aiM, YTO B PETHOHE
BbIABJICHHI 112 mHBa3uBHBIX BUAOB U3 91 pona u 36 cemeiicT. [lo Bpemenu 3anoca B Kaparanamackoit 00-
nactu npeobnanarotr HeoduTel — 97 BumoB, win 86,6 %. MeHblyio 1010 3aHUMAIOT apxeoduTsl — 15 Tak-
conoB (13,4 %). 1o ciocoby 3aHoca BeIAeeHsl: spracuodursi (53 Buna, win 47,3 %), kcenodurst (54 Buna,
i 48,2 %), akomorodutsl (5 BunoB, win 4,5 %). 1o cmoco0y HaTypanu3ayy ObUIH BBIJCICHBL: SIMTHUKO(H-
THI (47 Bunos, wm 42,0 %), adpemepodutsr (26 Bunos, wiu 23,2 %), arpuoduts! (27 Bunos, wim 24,1 %), ko-
noHoduts! (12 Bumos, wim 10,7 %). Ilo cremeHn pacnpocTpaHEHHOCTH MBA3HBHBIC BHIBI PACIIPEACIHINCH
cienyromum oopazom: m3penka — 34 takcona (30,35 %); o6sraHO0 — 44 TakcoHa (39,28 %); oueHb peaKo —
14 takconoB (12,50 %); peaxo — 19 TakcoHoB (16,96 %). [lonydeHHbIe TaHHBIE OTPAXKAIOT AKTUBHBIC MU-
IPalLOHHBIC TIPOLIECCH 3aHOCA CEMSIH MHBA3UBHBIX BHIOB U UX ITOCTEIEHHOE BKIIOYECHHE B MECTHBIC PACTHU-
TeJIbHbIE cO00IIecTBa. AKTHBHAS HATYpAIU3alHs U PACIPOCTPAHEHHOCTh MHOTHX TaKCOHOB TPeOYeT MOCTO-
SHHOTO MOHHMTOPHHIA U pa3pabOTKH MPOrpaMM CIEPKUBAHMS JalbHEHIIero pacnpocrpaHeHus B KaparaH-
JUHCKOH 00macTH.

Knrouegvie cnosa: NHBa3MBHBIC BH/IbI, KaparaH}mHCKax 06J'IaCTI>, croco6 3aHOCa, CTCIICHb PaCIpOCTPaHEHHO-
CTH, BpEMs 3aHOCa, CTCIICHb HaTypaJin3alnu.

Information about the authors

Kali Almagul — Candidate of Biological Sciences, Associate Professor, Department of Botany,
Karaganda National Research University named after Academician E.A. Buketov, Karaganda, Kazakhstan;
e-mail: a-auelbekova@mail.ru; https://up.buketov.edu.kz/buketov/profile_bot/gali_ru.pdf

Sailau Adil Sagadinovich — PhD student, Karaganda National Research University named after
Academician E.A. Buketov, Karaganda, Kazakhstan; Lecturer at Karaganda Medical University, Karaganda,
Kazakhstan; e-mail: sailau@qmu.kz; ORCID: 0000-0002-4058-8131

184 Fundamental and Experimental Biology. 2026, 31, 2(122)


https://up.buketov.edu.kz/buketov/profile_bot/qali_ru.pdf

How to Cite: Gavrilkova E.A., Tyrzhanova S.S., Tleukenova S.U., Mussina R.T. (2026). Cryopreservation of Filipendula ulmaria
Seed Material. Fundamental and Experimental Biology. 2026, 31, 2(122), 185-191. https://doi.org/10.31489/2026FEB2/185-191

Research Article
https://doi.org/10.31489/2026 FEB2/185-191

UDC 581.142 Received: February 05, 2026 | Accepted: April 01, 2026 | Published online: June 30, 2026

E.A. Gavrilkova', S.S. Tyrzhanova, S.U. Tleukenova, R.T. Mussina

Karaganda National Research University named after Academician E.A. Buketov, Karaganda, Kazakhstan
“Corresponding author: elena_2809@mail.ru

Cryopreservation of Filipendula ulmaria Seed Material

Cryopreservation of plant seeds is of great practical importance for biodiversity conservation and practical
application. The aim of this study was to evaluate the factors determining the success of cryopreservation of
Filipendula ulmaria seeds, including the freezing method, thawing conditions, storage containers, and light
sensitivity. Seed material was collected in the wild in the Karkaraly Mountains. Cryopreservation was carried
out using cryotubes and aluminum foil bags while seeds stored using traditional methods in a refrigerator
served as controls. The results showed no significant differences in germination between light and dark con-
ditions, which does not dictate the method of germination in open ground or laboratory conditions. Compari-
son of thawing regimes revealed the advantage of slow thawing at room temperature (20-22 °C), during
which germination reached 75 %, which was significantly higher than the control values. Analysis of freezing
regimes allowed us to establish the highest germination rates with rapid freezing in foil bags. The proposed
approach can be used for long-term cryopreservation of the Filipendula ulmaria gene pool.

Keywords: Filipendula ulmaria, seed material, cryopreservation, seed germination, germination energy,
freezing-thawing regimen.

Introduction

The conservation of biological diversity and the establishment of seed banks for economically valuable
plants are of significant scientific and practical importance [1]. This need arises from land degradation
caused by human activity, as well as global climate change [2]. Among various storage methods, cryopreser-
vation stands out as one of the most effective [3, 4]. Seed preservation creates potential for plant breeding [5,
6]. Storing plant material at -196 °C temperature stops all metabolic and physiological processes [5]. Storage
at extremely low temperatures allows genetic material to be preserved indefinitely, with minimal financial
costs and maintenance, without requiring large areas of space. Literature data [3—8] demonstrate the effec-
tiveness of cryopreservation for medicinal plant seeds.

An interesting subject for research is Filipendula ulmaria (L.) Maxim (family Rosaceae), whose herb is
used in folk medicine as an anti-inflammatory, diuretic, antirheumatic, antibacterial, antioxidant, and analge-
sic agent, as well as for digestive problems, respiratory diseases, and skin conditions [9-11].

To introduce medicinal plant seed material into a cryobank, studies were conducted to optimize the cry-
opreservation conditions for Filipendula ulmaria seeds.

Experimental

The subject of the laboratory studies was F. ulmaria seeds. The plant is frost-tolerant, drought-tolerant,
and a facultative heliophyte, preferring xeromesophilic habitat conditions and moderately moist loamy or
humus-rich sandy loam soils (Fig. 1). Under the conditions of Central Kazakhstan, the species is successfully
introduced and can be cultivated on an industrial scale, which creates a need for the establishment of a seed
bank, including storage at subcritical low temperatures.
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Figure 1. Flowering shoot of Filipendula ulmaria

The research material was collected in the Karkaraly Mountains (Karkaraly District, Karaganda Region)
during the third decade of August 2024.

Laboratory studies on optimizing cryopreservation conditions for F. ulmaria seed material were
conducted at the Research Park for Biotechnology and Eco-Monitoring of the Faculty of Biology and
Geography (Karaganda National Research University named after academician E.A. Buketov) in 2023-2025.

Prior to freezing, the initial moisture content of the seeds was determined using an Ohaus (China) mois-
ture meter. F. ulmaria seeds were stored in an SDS-20 CryoMach (Russia) Dewar flask with liquid nitrogen
(-196 °C) for one month [12]. Aluminum foil bags and cryotubes (Deltalab, China) were used as freezing
containers [13]. F. ulmaria seed material was not specifically selected prior to the start of the experiments;
damaged, immature, and empty seeds were removed.

Seeds were thawed after cryopreservation using the following methods:

1) slow de-frosting at room temperature (20-22 °C);

2) fast de-frosting in a water bath (40-45 °C).

Stepwise freezing and rapid freezing (by immersing the seeds in a container in liquid nitrogen) were al-
so investigated [14].

To assess the effectiveness of cryopreservation of F. ulmaria, seed viability was determined based on
laboratory germination and germination energy [15] in Petri dishes. Before sowing the seeds, the Petri dishes
are treated with 90 % alcohol and placed in laminar flow cabinets for 20 minutes for additional disinfection.
After this time, filtered discs moistened with distilled water are placed in the Petri dishes. Before sowing in
Petri dishes, the seeds were treated with a 0.5 % potassium permanganate solution for 5 minutes, then rinsed
with distilled water [16].

The Petri dishes were placed in a climate chamber for the entire duration of the study, at a temperature
of +24 °C and under constant illumination. Seeds were watered with distilled water as needed, if the Petri
dish substrate dried out. The lids of the Petri dishes had to be opened for 5-10 seconds daily to allow the gas
composition inside the dishes to change. During germination observation, the emergence of seedlings was
recorded daily; germination rate was assessed on day 15, and germination energy on day 7. Seeds stored us-
ing the traditional method (refrigerator, 02 °C) served as the control.

All experiments were conducted in four independent replicates (n=4) by 100 deeds. Data are presented
as mean =+ standard deviation (SD). Differences between treatments were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s honestly significant difference (HSD) test at a significance level of
p < 0.05. All statistical analyses were performed using R software (R Foundation for Statistical Computing,
Vienna, Austria).

Results and Discussion

In the initial stages of the study, the germination of seeds stored without cryopreservation was analyzed.
Seed germination was conducted in light and in the dark. It was found that for F. ulmaria seed material, no
significant difference was detected between the light and dark germination treatments. Seed germination was
71.0+5.4 % in light and 70.0 + 3.54 % in darkness (Tab. 1).
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Table 1

Seed germination of Filipendula ulmaria under various lighting conditions

N Germination conditions
Germination rates, % -
In light In the dark
Germination energy 65.6£1.25 68.4+2.25
Seed germination 71.0+£5.4 70.0+3.54

The data obtained indicate that there are no requirements for deep sowing for this species.

When seeds are stored in liquid nitrogen, the container [5] in which freezing takes place affects the
germination of the plant material. The seed material was packaged in foil envelopes and plastic cryotubes.
The results showed that the seeds retain their germination capacity after storage in liquid nitrogen vapors
with complete physiological ripening (Fig. 2).

energy of germination, % ™ seed germination %
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50 ———
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10—

control (without cryopreservation) foil envelopes plastic tubes

Figure 2. Germination of Filipendula ulmaria seeds in various containers.
Different letters indicate significant differences between treatment groups at P <0.05

The highest germination energy and seed germination were observed in F. ulmaria seeds stored at lig-
uid nitrogen temperature in foil envelopes — 78.25 + 8.41 %. The germination of seed material frozen in
cryotubes were 75.0 £ 7.45 %, which is significantly higher than the control and does not differ significantly
from the results obtained in foil containers. Thus, the germination rate of seed material in the cryotube exper-
iments was 5.0 % higher than the control, and in the foil envelope variant, it was 8.25 % higher.

Thus, when storing F.ulmaria seed material in liquid nitrogen, both foil envelopes and cryotubes are
recommended containers.

The next factor influencing the success of seed preservation during cryopreservation is the thawing
conditions. An analysis of the literature [5-11] showed that thawing conditions may vary for different plant
species, depending on genetic characteristics, seed coat thickness, physiology, and the accumulation of re-
serve nutrients.

During laboratory studies, two thawing regimes were initially used: slow thawing at room temperature
(+20-22°C) and fast thawing in a water bath (+40°C).

Slow thawing at a temperature of +22-24 °C following cryogenic storage proved to be the significantly
better option for F. ulmaria seeds (75.0 £+ 7.45 %). This method exceeded the control values by 5.0 %. With
rapid thawing, the germination rate of the seeds of the studied species was 67.5 + 5.53 %, which was 2.5 %
lower than the control values; however, no statistically significant differences from the control were detect-
ed (Fig. 3).
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Figure 3. Germination rates of Filipendula ulmaria seeds depending on the thawing regime.
Different letters indicate differences between experimental variants at P<0.05

Thus, to achieve the best germination rates and germination energy of F. ulmaria seeds, slow thawing at
room temperature (+22—24 °C) is recommended.

In the next stage, experiments were conducted to compare stepwise and rapid freezing. Rapid freezing
was performed by quickly immersing plant samples in cryotubes and foil envelopes in liquid nitrogen for
three days. Two-stage freezing was also performed in foil envelopes and cryotubes.

First, the test samples were placed in a refrigerator at +4 °C for 60 minutes, and then transferred to a
freezer at -20 °C for one hour. Next, the test seeds in their containers were immersed in the vapor of liquid
nitrogen contained in a Dewar flask for three days. After the seed material of the test species had been in lig-
uid nitrogen, a slow thawing mode was used.

Based on the results of the experimental studies, it was determined that when seed material is rapidly
placed in liquid nitrogen vapor, foil envelopes are the best container for achieving the highest germination
rate (Fig. 4). Seed germination in this experimental treatment was 78.25 + 8.41 %. For seeds frozen in plastic
containers, germination energy did not differ significantly from the control, while germination was signifi-
cantly higher than the control but lower than the values obtained for the foil container treatment.

In the two-stage freezing of F. ulmaria seeds, the germination energy values for plastic containers were
significantly lower than the control, whereas for foil containers, they did not differ significantly from the
control. However, seed germination for both container variants was significantly higher than the control.
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Figure 4. Germination of Filipendula ulmaria seeds depending on the freezing regime.
Different letters indicate significant differences between experimental variants at P < 0.05

A comparative analysis of the two freezing methods used revealed that the highest germination rates
were observed for the variant involving freezing in foil containers and the use of the rapid method. This re-
sult can be explained by the fact that foil provides faster and more uniform cooling, and the rapid method
prevents the formation of ice crystals in the tissues.

Conclusion

Thus, for long-term cryopreservation, it is recommended to freeze F. ulmaria seeds in foil envelopes by
rapid immersion in a Dewar flask and to use a slow thawing regimen. The results demonstrated the effec-
tiveness of this storage method, as F. ulmaria seeds successfully survived storage at supercritical low tem-
peratures, not only maintaining but also increasing germination rates and germination energy.

The data obtained can be used to develop a cryopreservation protocol and introduce F. ulmaria into a
seed cryobank.
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Filipendula ulmaria TYKbIMABIK MaTepHATbIH KPHOKOHCEPBALUSIAY

OciMZliKk TYKBIMIApbIH KPUOKOHCEpBAaLMsIAy OWOSPTYPIUTIKTI cakTayJa MpPaKTUKAIbIK MaHbBI3Fa He.
3eprreynin Makcarsl Filipendula ulmaria TyxeiMpapbiH KpHOKOHCepBalMsIayIblH (akTopiiapblHa, COHBIH
IIIHIEe My3JaTy d/IiciHe, )Ki0ITy peKUMiHE JKOHE BIIBICTAp TYPJIEpiHE, COHBIMEH KaTap >KapbhlKKa OalIaHBICTHI
6ara Gepy. TykpIMIbIK MaTepraibl Kapkapaiibl TayiapbsiHaa TaOUFH yKaFaaiina suHaIIbl. TYKbIMAAD KPHOBI-
JpICTapAia JKOHE aJIOMUHMIT oJbra makerTepiHe KpPUOKOHCEpPBAUMSIAHABI, an Oakpulay peTiHIe
TOHA3BITKBIII Kamepajaa IOCTYpJi TOCIIMEH CaKTajlfaH TYKbIMJAp aibIHABL 3epTTey HOTHXKeNepi jKapbhlKTa
JKOHE KapaHFbI1a 6Cy Ke3iH/Ie alTapibIKTail Toyien/ii aifblpMallbUIBIKTapAbIH 00IMaybIH KOPCETTi, OYJT alllbIK,
TOIBIPAK IeH 3epTXaHabIK JKaFaaiiapaa ecipyai mekremeiini. XKibiTy pexumaepiH canbICThIpy 00IMe TeM-
nepatypaceiiia (20-22 °C) Gasty KiOITyIiH apTHIKUIBUIBIFEIH KOPCETTi, OHAA OHrimTik 75 % Kypaabl, Oy
OakplTay MOHICpIHEH aWTapibIKTail JKOFapbsl OONBIN IIBIKTHL. My3/iaTy pexuMaepiH Tanmayaa doibra
MaKeTTepiHAe JKbUIaM My37aTy Ke3iHIOe €H JKOFapbl KOPCETKIITEepAi aHBIKTayFa MYMKIHAIK Oepi.
Ycomputran Tocin Filipendula ulmaria renodonmpiH y3ak Mepsimimi Kpruocakray YIIiH ITaiilalaHbLTybI
MYMKIH.

Kinm ce30ep: Filipendula ulmaria, TyKeIMABIK MaTepHall, KPHOKOHCEPBALMSIAY, TYKBIMHBIH OHTILITIT, OHY
SHEPrHACH, MY3AaTy-XKi0iTy pexuMi.
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E.A. I'apuiibkoBa, C.C. TripkanoBa, C.Y. Tneykenona, P.T. Mycuna

KpuoxoHncepBamusi cemensHoro marepuaia Filipendula ulmaria

KproxoHcepBanust ceMsiH pacTeHHH HMeeT BaXKHOE NIPAKTHIECKOe 3HAYEHHE IS COXpaHeHHs1 OnopazHooOpa-
3Ws M UX HCIOJIB30BaHUs. Lleblo HACTOSIIEro MCCIeNoBaHMs SBISUIACH OIEHKa (JaKTOPOB, ONPEAEISTIONINX
YCIEIIHOCTh KpHOKOHcepBanuu cemsiH Filipendula ulmaria, Bxirodas cnoco6 3aMopakuBaHHs, PEXKUM OT-
TaWBaHWs, Tapy M OTHOIIEHHE K cBeTy. CeMeHHON MaTepuan ObUI COOpaH B IMPHPOAHBIX YCIOBHSX B Topax
Kapkapansl. CeMeHa KPHOKOHCEPBUPOBAIH B KPUONPOOUPKAX U B MaKeTax U3 allOMUHUEBOH (oyibru, KOH-
TPOJIEM CITY’KHIIH CEMEHA, XpPaHUBIIHECS TPaJAULUOHHBIM CIOCOOOM B XONOJUIBHON KaMepe. Pe3ynbTaThl mo-
Ka3aJl OTCYTCTBHE HOCTOBEPHBIX OTIMYMI MEXIy MpOpalldBaHUEM Ha CBETYy M B TEMHOTE, YTO HE peria-
MEHTHpPYET CIIoco0 MpOopal[BaHUs B OTKPBITOM TPyHTE U JaOOPaTOPHBIX yciaoBHsAX. CpaBHEHHE PEXHUMOB
OTTaWBaHUS BBIABIJIO IIPEUMYIIECTBO MEUICHHOIO pa3sMOPaXMBAHWS IIPH KOMHATHOH TeMIieparype
(20-22°C), npu KOTOPOM BCXOKECTh cocTaBmiia 75 %, 4TO 0Ka3aa0Ch JOCTOBEPHO BBIIIE KOHTPOJIBHBIX MOKa-
3arenell. AHaJIM3 PEKUMOB 3aMOPA’KMBAHMS MTO3BOJIMI YCTAHOBHTH MaKCHMAJbHBIE ITOKa3aTeNIn HpH OBICT-
POM 3aMOpaXKUBAaHHU B MakeTax u3 Qoubru. [IpemnaraemMelil mogxo ] MOXKET OBITh HCIIONB30BaH JUIS JOJTO-
cpouHoro kproxpanenust rerodora Filipendula ulmaria.

Knroueswie crosa: Filipendula ulmaria, cemenHoit Marepuai, KpHOKOHCEPBALUS, BCXOKECTh CEMSIH, SHEPTUS
[POPACTaHHUSL, PEXKUM 3aMOPAKUBAHKS — OTTAUBAHMSL.
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Morphological and anatomical analysis of Hedysarum gmelinii,
growing in the Karaganda region (Central Kazakhstan)

The study of the structure of medicinal plant raw materials is part of pharmacognostic analysis. In this work,
anatomical and morphological studies were conducted on the promising plant Hedysarum gmelinii, whose
herb and roots have potential for use in human and veterinary medicine. The raw materials were collected
during the flowering phase, rehydrated, and analyzed at both macroscopic and microscopic levels. The fol-
lowing diagnostic macroscopic features were identified: shape and color of the stem, type of leaf pubescence,
and characteristics of the inflorescence and flowers. At the microscopic level, diagnostic features included the
structure of stem vascular tissues, fine ribbing of the stem, leaf anatomy (isobilateral type, if applicable),
stomatal type and distribution, and the structure and arrangement of secondary xylem elements in the root.
The results obtained can be used to verify the authenticity of plant raw materials and to prepare draft regula-
tory documentation for raw materials of this species.

Keywords: Hedysarum gmelinii, morphological and anatomical structure, aboveground and underground or-
gans, diagnostic signs.

Introduction

The study of the useful flora of Kazakhstan has great potential, as it allows for the identification of
promising sources of biologically active substances suitable for the production of new medicinal and veteri-
nary preparations [1].

One of the most promising taxonomic groups is the genus Hedysarum L. (family Fabaceae), for certain
species of which the Republic of Kazakhstan possesses a sufficient raw material base. In the natural flora, the
genus Hedysarum L. comprises more than 200 species, of which 37 grow in the flora of Kazakhstan, includ-
ing 12 endemic species [2].

From plants of the genus Hedysarum L., 115 biologically active compounds have been isolated, includ-
ing flavonoids, triterpenes and triterpenoid saponins, coumarins, lignanoids, alkaloids, and sterols, which
possess antioxidant, antitumor, anti-aging, antidiabetic, and antihypertensive effects [3—7].

Among the Kazakhstani representatives of the genus Hedysarum L., four species are known
(H. alpinum L., H. flavescens Regel et Schmalh., H. theinum Krasnob., and H. neglectum Ledeb.), which
possess expectorant, restorative, stimulant, antiviral, and antiprotozoal properties [8] and are used as antioxi-
dants, immunostimulants, rejuvenating agents, restoratives, and tonics [9, 10].

In Central and Northern Kazakhstan, Hedysarum gmelinii Ledeb. is of interest, as it has significant raw
material reserves and is a potential source of xanthones, phenolic compounds, tannins, and alkaloids.

To facilitate the use of this species for medical purposes, we conducted an anatomical and morphologi-
cal study of H. gmelinii to identify diagnostic features necessary for assessing the authenticity of the raw ma-
terial.

Experimental

H. gmelinii was collected in the vicinity of the village of Karagaily (Karkaraly District, Karaganda
Region, GPS-coordinates: N 49.42714; E 75.75434) during the flowering and fruiting phase, in the first ten
days of August 2025.
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The raw material in the form of herbaceous parts was collected in the morning, and the roots were dug
up in the evening. Drying was carried out in a room protected from sunlight until the moisture content
reached 10-12 %. The species was identified by staff of the Department of Botany, Faculty of Biology and
Geography, Karaganda National Research University named after academician E.A. Buketov. The herbarium
specimen is stored in the herbarium collection (acronym QAR, barcode QAR00013920).

Air-dried raw material (shoot, leaf, root) was softened in a mixture of distilled water: glycerin: 96 %
ethanol (in a 1:1:1 ratio), then boiled in a 5 % sodium hydroxide solution [11]. Surface preparations were
prepared on a manual microtome using disposable blades.

During microscopy, the preparations were examined under a BIOLAM 06-12 microscope (Russia) us-
ing magnifications of 16x20, 16x10, and 16x4 [12]. Microscopic photographs were captured on a tablet us-
ing Altamy Studio software and processed in Paint 10.1.

Classic methodological guidelines were applied when describing the specimens and identifying diag-
nostic features [13-15].

Results and Discussion

External characteristics of the plant. It belongs to the ancient Mediterranean-steppe type of distribution.
It inhabits mountainous gravelly and rocky slopes, scree, and chalk deposits. In terms of ecological group, it
is a xeromesophyte, which is reflected in its internal structure.

H. gmelinii is a perennial herbaceous plant, 15 to 40 cm tall (Fig. 1). The root is short and taproot-like.
The shoots are ascending or rising, ribbed, with a rough surface, and range in color from light green to green-
ish-yellow.

Figure 1. H. gmelinii in the flowering stage

The leaves are imparipinnate, with 4 to 8 pairs of leaflets on a compound leaf. The leaflets are elliptical
or narrowly ovate, with the upper surface green and glabrous, and the lower surface silvery-green, pubescent
with appressed hairs. The venation is pinnate, faintly visible on the upper side of the leaf. The flowers are
arranged in terminal racemes, containing 10-25 flowers. The flowers are zygomorphic, with a pink-purple
corolla.

The following diagnostic features can be identified at the macroscopic level: the shape, color, and type
of leaf pubescence, the shape of the inflorescence, and the color of the flowers.

Microscopy. The stem in cross-section (Fig. 2) is rounded and slightly lobed, hollow in the central part,
and non-fasciculate in structure. The stem’s perimeter is covered by a thin layer of bark, or periderm, con-
sisting of small, dark-colored cells. Beneath the periderm, in the corners, lie areas of angular collenchyma,
whose cells are oval-shaped with partially thickened walls.

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 193



Y.M. Suleimen

Figure 2. Cross-section of a Hedysarum gmelinii stem, fragment:
A — stem fragment, B — fragment with remnants of medullary parenchyma;
1 — bark, 2 — collenchyma, 3 — phloem, 4 — medullary parenchyma, 5 — xylem, 6 — stem cavity.
Dimensions are given in um

The vascular system consists of phloem regions corresponding to former vascular bundles, as well as
xylem chains. The annular vascular zone is interrupted by rays of medullary parenchyma. The remnants of
medullary parenchyma consist of large, thin-walled cells.

In cross-section, the leaf is flat, isolateral in shape, with an indistinct division into columnar and spongy
tissues (Fig. 3). This characteristic is described for this species growing in more arid conditions, whereas in
mesophytic habitats a dorsoventral structure is formed [16]. Veins protrude from the underside of the leaf.
On both sides, the leaf is covered by a single-layered epidermis consisting of rounded cells that fit tightly
together and are covered by a layer of cuticle on the outer side. The mesophyll is undifferentiated. Within its
thickness lie the central and lateral vascular bundles, of the collateral type, closed. The phloem is oriented
toward the upper side, the xylem toward the lower.

On the adaxial side of the leaf, the cells are more elongated in shape compared to the abaxial side. The
stomata are not embedded in the epidermis and are of the anomocytic type. In terms of number, there is a
predominance of stomata on the upper side—the epistomatic type. The stomatal index is 1.5-1.6.
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A B
Figure 3. Cross-section of a Hedysarum gmelinii leaf, section through the midrib:
A — section through the midrib, B — lateral section;

1 — lower epidermis, 2 — upper epidermis, 3 — trichome remnants, 4 — mesophyll,
5 — vascular bundle. Magnification is given in pm

The root of H. gmelinii (Fig. 4) is rounded with a well-defined cortex and has a secondary anatomical
structure.

Figure 4. Cross-section of the root of Hedysarum gmelinii, fragment:
1 — cortex, 2 — cortical parenchyma, 3 — xylem, 4 — parenchymatous rays.
Magnification is given in um

The covering tissue of the cork layer (periderm) accounts for about 5-7 % of the root’s structure and
consists of 4-5 layers of cells. Periderm cells are rectangular, strongly compressed from the surface, and dark
brown in color. The cortex is slightly thinner than the periderm and consists of parenchyma cells that are
tangentially flattened. Xylem elements, both primary and secondary, are present in the form of chains of ves-
sels radiating from the center of the root—remnants of a polyarchic vascular bundle. Between the xylem
chains lie sections of phloem and parenchyma rays.
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The following diagnostic features have been identified at the microscopic level: a non-fascicular stem
structure, fine ribbing, an isolateral leaf type, the type and arrangement of stomata, and the shape and ar-
rangement of secondary xylem elements in the root.

Conclusion

Thus, anatomical and morphological studies of the above-ground and underground organs of
H. gmelinii have been conducted. The structural characteristics of the shoot, root, and leaf at the macro- and
microscopic levels have been identified. Diagnostic features of the raw material have been determined. Spe-
cifically, at the microscopic level: the shape, color, and type of leaflet pubescence; the shape of the inflo-
rescence and the color of the flowers; at the microscopic level: the structure of the stem’s vascular elements,
the fine ribbing of the stem, the isolateral leaf type, the type and arrangement of stomata, and the shape and
arrangement of the root’s secondary xylem elements.

The data obtained can be used to identify the species and verify the authenticity of plant raw materials.
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Kaparaunabi ooabichinga (Opransik Kazakcran) ecerin Hedysarum gmelinii
MOP(OTOTHSIBIK JKIHE AHATOMHSLIIBIK TAJIAAY

Jlopiimik eciMAiKTep IIMKI3aTHIHBIH KYPBUIBIMBIH 3epTTey (apMaKOTHOCTHKAIBIK TajgayaslH Oip Oediri.
JXKymsbicta me6i MEH TaMbIpbl MEIHMI[MHA MEH BeTepHHApusaa Konpany aneyerine wme Hedysarum gmelinii
MEePCIEeKTUBANIBI OCIMIIKTEpPIHE aHATOMUSIBIK-MOP(OIOTHIIBIK 3epTTeynep xyprizingi. Illukizar ryngeny
(daszacelHIa SKMHAIABL, JKIOITINAI, Makpo J>KOHE MHKPOCKOMMSUIBIK JSHrelae >KeKeJereH Myllenepais
KYPBUIBIMBI cunaTTanasl. [IIUKi3aTTIH AHarHOCTHKANBIK Oenrinepi aHbIKTanasl. ChIpTKEI Oenrinepi OoHbIHIIA
KeJleci CHIaTThl Oenrinepi Geminm kepceryre OOsaipl: MiNTiHI, caOaFbIHBIH TYCI, JKaIlbIpaKTapbIHBIH TYTI,
TYJIHIH TIIHI KOHE TYJIIepiHiH Tyci. MUKpOCKONMSIBIK NEHreie MBbIHAIal IHAarHOCTHKAIBIK Oenriyep
AHBIKTAJIFaH: Ca0aKTBHIH OTKI3Till AJIeMEHTTEPiHIH KYpPBUIBICHI, Ca0aKTBIH YCaK KBIPJIBI OOIYBI, JKaIlbIPaKThIH
OKIIayJaHFaH THUII, CaFaHBIH THUII MEH OpHAJacy epeKIIeNiKTepi, TaMbIpABIH KakTalama KCHIEMIK
3JIEMEHTTEPiHIH HBICAaHBI MEH OpHAJacy THUII. AJBIHFAH HOTIXKENEp OCIMIIK IIHKI3aThIHBIH TYITHYCKAJIBIFBIH
pacray JXKoHE OCBl TYpHEri IIUKi3aTKa HOPMATHBTIK KyKaTTaMma >KOOAachlH NalbIHAAy YIUiH MaiJanaHbUTybl
MYMKiH.

Kinm co3dep: Hedysarum gmelinii, MOp(oIOTHSIIBIK KoHE aHATOMUSUIBIK, KYPBUIBIMBIL, )KEPYCTIi JKOHE jKepa-
CTBI OpTaHAaPHl, JHATHOCTUKAIIBIK OeNriyiepi.

E.M. Cyneiimen

Mopdonornyeckuii m anaromudeckuii anaaus Hedysarum gmelinii,
npouspacrawinero B Kaparanauuckoi odsnactu (Llenrpanbubiii Kazaxcran)

HW3yueHne CTPOEHHs ChIPbs JIEKAPCTBEHHBIX PACTEHHI SBIACTCS YACThIO (papMAKOTHOCTUYECKOTO aHAIM3A.
B mHameidl paGoTe BBINOJHEHB aHATOMO-MOPGIOIUYECKHE HCCICIOBAHUS [EPCIEKTUBHOIO PACTEHHS
Hedysarum gmelinii, TpaBa u KOpHH KOTOPOTO UMEIOT MOTEHIIMAT IPUMEHEHHS B MEUIIMHE U BETCPUHAPHH.
Coipbe cobupany B (ase LBETCHHS, PA3MAUMBAIM, ONUCHIBATM CTPOCHUE OTIAENbHBIX OPraHOB HA MAakpo- U
MHUKPOCKOIUYECKOM ypoBHE. Ompesenenbl JHArHOCTHIECKHE MPU3HAKH ChIPbs. 110 BHEIIHUM MpPU3HAKAM
MOYHO BBIIENHTH CIEAYIOIME XaPAKTEPHbIE YepPThl: (popMa, OKpacKa CTeOsl, TUIl ONMYIIEHUs JIHCTOYKOB,
(bopma CoLBETHs 1 OKPACKY [[BETKOB. Ha MUKPOCKOIINYECKOM YPOBHE YCTAHOBJIEHBI CIIEMYIOIINE JUATHOCTH-
YeCKHe MPU3HAKH: CTPOCHHE MPOBOISIIMX IEMEHTOB CTEOIIs, MENKasi PeOpPUCTOCTh CTe0IIsl, H30JIaTepaIbHbIiH
THII JIACTA, THI U OCOGEHHOCTH Pa3MENIEHHs YCThULl, (hOPMA U THII Pa3MELICHHS BTOPUYHBIX KCHIIEMHBIX
31eMeHTOB KOpHsL. [[oJlyueHHbIE Pe3ybTaThl MOTYT UCIIOJIB30BATHCS Ul IOATBEPIKICHHUS IOUIMHHOCTH Pac-
THUTEJILHOTO ChIPbsI M OJATOTOBKH [IPOEKTa HOPMATUBHOMN JOKYMEHTAIMHU Ha ChIPbE JAHHOTO BHJA.

Knioueswie cnosa: Hedysarum gmelinii, Mmopdomorudeckast 1 aHaTOMH4ecKasi CTPyKTypa, Ha3eMHbBIEe U MO
3eMHbIE OPTaHBI, THATHOCTHIECKHE PU3HAKH.
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Phytocenotic Characteristics and Resources of Ferula songarica
in Central Kazakhstan (within the Ulytau and Karaganda Regions)

The study of the biological characteristics and resource potential of medicinal plants is an important task in
modern botany and pharmacognosy. One of the promising medicinal species in the flora of Kazakhstan is
Ferula songarica, which is characterized by a high content of biologically active compounds and valuable
pharmacological properties. The aim of this study was to identify populations of F. songarica in natural con-
ditions in Central Kazakhstan and to assess plant raw material resources. Field studies were conducted in
2024-2025 using a route-reconnaissance method at eight key sites located in the Ulytau and Karaganda re-
gions. During the study, plant density, morphometric parameters, yield, exploitable raw material reserves, and
potential harvest volume were determined. It was established that natural populations containing F. songarica
are characterized by a sparse spatial distribution of individuals. The density of reproductive plants ranges
from 0.36 to 6.05 plants/10 m?, and plant height is 83.06-133.2 cm. The yield of roots, calculated on an air-
dry weight basis, was 3,580-7,010 kg/ha, and that of aboveground parts was 234-315 kg/ha. The total area of
plots suitable for raw material harvesting was 281.5 ha. The exploitable stock of roots is estimated at 1,874.85
tons, and that of the herbaceous parts at 79.22 tons. The potential harvest volume of roots is estimated at
183.8 tons, and that of aboveground parts at 55.43 tons. The results obtained demonstrate the feasibility of
harvesting F. songarica raw materials in natural conditions for the production of medicinal and
parapharmaceutical products.

Keywords: Ferula songarica, population, yield, Central Kazakhstan, exploitable stock, potential harvest vol-
ume, roots, aboveground biomass, medicinal plant raw materials.

Introduction

The vegetation of Kazakhstan is characterized by a high level of biodiversity and significant resource
potential for medicinal plants. According to current estimates, the flora of Kazakhstan includes more than
5,500 species of vascular plants [1], of which about 270 species are used in traditional and official medi-
cine [2]. Many of them possess valuable pharmacological properties and are considered promising sources of
biologically active compounds for the pharmaceutical industry [3-5].

A special place among medicinal plants is occupied by representatives of the genus Ferula L.
(Apiaceae), which is one of the largest genera in the family and includes more than 180 species [6], distrib-
uted primarily in the arid and subarid regions of Central Asia, Iran, Afghanistan, and western China. The
main centers of species diversity for the genus are also concentrated in Kazakhstan, where about 48 species
of Ferula grow, many of which have medicinal, forage, and economic value [7].

Plants of the genus Ferula have long been widely used in practice, primarily in three capacities: as for-
age, medicinal, and essential oil plants [2, 6]. In recent years, interest in the pharmacological properties of
ferulas has increased significantly, due to their high content of biologically active compounds, primarily
terpenoid coumarins, terpene alcohols and their esters with aromatic acids, as well as sesquiterpene lac-
tones [8-11]. These compounds are considered promising targets for further pharmacological research and
the search for new drugs.

One of the promising representatives of the genus is Ferula songarica Pall. ex Spreng. The species in-
habits the steppe and foothill regions of Kazakhstan [12]. The species is of economic interest as a medicinal
plant possessing anti-inflammatory, antitumor, and antispasmodic properties, used in traditional medicine for
the treatment of diseases of the joints, cardiovascular and digestive systems, as well as an antioxidant and
immune stimulant [13, 14].

© 2026 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 199


https://doi.org/10.31489/2026FEB2/199-207
mailto:kairidenovich_rak@mail.ru

S.K. Mukhtubayeva, A.K. Ramazanov et al.

To understand the potential for practical use of F. songarica, research is needed to study natural popula-
tions and assess raw material reserves.

In light of the above, the aim of this study was to investigate the population characteristics and assess
the raw material reserves of F. songarica under various ecological and phytocenotic conditions in Central
Kazakhstan.

Experimental

Field studies were conducted in the first ten days of June 2024-2025, when F. songarica plants were in
the mass flowering phase. A preliminary analysis of the species’ distribution was performed based on an
analysis of herbarium collections (QAR and NUR herbaria).

Field surveys to determine the resources of the studied species were conducted using a route-
reconnaissance method. In natural stands, we determined yield, stand density, and raw material reserves of
aboveground and underground organs, and described the floristic composition of the sites [15, 16]. The stud-
ies were conducted in warm and dry weather; raw material collection for yield assessment was carried out in
the morning, after the dew had dried.

The assessment of raw material reserves in the communities was conducted using the key plot meth-
od [17]. At each plot, the area, density of marketable specimens, yield, and reserves of underground and
aboveground parts were assessed in terms of air-dry weight. The area of the stands was determined by map-
ping their configuration to geometric shapes. Control points were recorded using GPS, after which the di-
mensions and area of the stands were calculated. To assess yield, raw material was harvested from at least
8-10 plots, and underground organs from 4 plots. Young and middle-aged generative individuals served as
marketable specimens.

The aboveground biomass was cut with pruning shears at a height of 10-12 cm from the soil surface to
maximize the collection of leaves and inflorescences. F. songarica roots were dug up at a depth of
50-60 cm. The harvested biomass was dried in a room protected from sunlight [18]. The grass intended for
drying was cut into smaller pieces (8—12 cm), the roots were washed to remove soil and also cut into smaller
pieces (5-6 cm long and up to 2-3 cm wide). During drying, the raw material was regularly turned to prevent
spoilage.

The air-dried raw material was weighed separately for each site. When selecting sites suitable for har-
vesting, the standards of Good Agricultural and Collection Practices (GACP) were taken into account [19].

The exploitable stock of raw material was calculated by multiplying the yield per unit area by the total
area of the stands. The volume of the potential annual harvest of roots was set at 10 % of the exploitable
stock, and that of aboveground parts at 70 % [20].

Species identification was performed based on the Flora of Kazakhstan [21], and Latin names were cit-
ed according to the Plants of the World Online (POWO) system.

Statistical analysis of the results was performed using the method of N.L. Udolskaya [22].

Results and Discussion

Field studies have shown that F. songarica is characterized by a sparse spatial distribution of individu-
als. The plants are found primarily as solitary specimens, in small groups of 6-8 individuals, or in thickets
ranging in size from 10x20 to 20x70 m. This type of distribution is characteristic of many species of the ge-
nus Ferula growing in the steppe and semi-arid ecosystems of Central Asia, where the spatial structure of
populations is determined by soil moisture conditions, microtopography, and competitive interactions with
other plant species [21].

In the Karaganda and Ulytau regions (Central Kazakhstan), we surveyed sites containing natural stands
of F. songarica, which cover the slopes of gentle, low hills and inter-hill depressions at elevations ranging
from 250 to 540 m above sea level (Fig. 1). The flora of the surveyed areas consists of flowering plants of
Ferula songarica and associated species: Festuca valesiaca, Agropyron cristatum, Artemisia austricaca, Ar-
temisia frigida, Artemisia dracunculus, Artemisia nitrosa, Artemisia pauciflora, Galatella villosa, Galatella
tatarica, Astragalus danicus, Thymus marschallianus, Potentilla bifurca, Potentilla humifusa, Jurinea
multiflora, Centaurea scabiosa, Phlomoides tuberosa, Atraphaxis spinosa, Androsace turkestanica, Carex
sp., Ranunculus sp., Caragana frutex, Erysimum diffusum, Rosa spinosissima, Descurainia sophia, Spiraea
hypericifolia, Achillea nobilis, Elytrigia repens, and others. Vegetation aspect: yellow-green.
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Figure 1. Typical habitats of Ferula songarica in Central Kazakhstan

Key site No. 1 is located in the vicinity of the village of Baikonyr, Ulytau District, Ulytau Region
(N 47.83524, E 65.50149, elevation 250 m above sea level). The site covers an area of 225 ha. The soils con-
sist of clayey saline meadows. The plant community belongs to the wormwood-grass-ferula type of
phytocenoses. The dominant species is F. songarica (copl, coverage about 80 %), the subdominants are spe-
cies of the genus Artemisia (cop2, coverage about 80 %), and the herbaceous layer is arranged in two tiers.
The density of generative individuals is 6.05+0.52 individuals/10 m2. The average height of reproductive
plants is 133.2 + 6.65 cm. The diameter of the aboveground part varies from 24 to 46 cm, and the length of
the root system is 20-35 cm. The average plant density is 0.82 + 0.06 plants/m?. The raw material yield was
7,010 kg/ha on a dry weight basis (Tab. 1). The exploitable stock of root raw material is estimated at
1,577.25 tons; that of grass at 64.13 tons (Tab. 2). The potential harvest volume is estimated at 157.0 and
44.89 tons, respectively.

Table 1

Yield and raw material reserves of Ferula songarica roots in Central Kazakhstan
(on an air-dry weight basis)

Region Key site Area of thickets, ha Yield, kg/ha Operational re- Po_tentlal raw ma-
serves, tons terial harvest, tons
1 225.0 7,010+£212 1,577.25 157.0
Ulytau 2 25.0 6970+340 174.25 14.4
3 7.1 3688+256 26.18 2.6
4 5.0 51524302 25.76 2.6
5 5.3 50204340 26.61 2.7
Karaganda 6 4.8 4250+180 2.0 0.2
7 3.2 3,580+190 11.45 1.2
8 6.1 5,140+260 31.35 3.1
Total: 281.5 1,874.85 183.8
Table 2

Yield and raw material reserves of Ferula songarica aboveground part in Central Kazakhstan
(in terms of air-dry weight)

Region Key site Area of r:he stand, Yield, kg/ha Operational Po.tential raw ma-
a reserves, tons | terial harvest, tons
Ulytau 1 225.0 285+18 64.13 44.89
2 25.0 260+31 6.5 4.55
3 7.1 315422 2.24 1.56
4 5.0 220+£30 1.1 0.77
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Continuation of Table 2

Region Key site Area of;he stand, Yield, kg/ha Operational Po_tential raw ma-
a reserves, tons | terial harvest, tons
5 5.3 312425 1.65 1.15
Karaganda 6 4.8 250+19 1.2 0.84
7 3.2 234421 0.75 0.52
8 6.1 270+34 1.65 1.15
Total: 281.5 79.22 55.43

Key site No. 2 is also located in the Ulytau Region, Ulytau District, 15 km north of the village of
Baikonur (N 47.83442, E 65.93964, elevation 347 m above sea level). The area of the vegetation cover is 25
ha. The soils are clayey-saline. The phytocenosis belongs to the grass-wormwood-ferula type. The vegetation
is two-tiered. The main dominants are F. songarica (copl, coverage about 65 %), Calamagrostis epigeios,
and Poa bulbosa (cop2, 10-15 %). The height of generative plants is 125.2+6.57 cm. The number of vegeta-
tive individuals is 18.3+1.52 individuals/100 m?. The average height of generative plants is 125.2+6.65 cm.
The density of generative plants is 0.824+0.06 plants/m?. The number of vegetative plants reaches 18.3+1.52
plants/100 m?. The diameter of the above-ground plant mass is 20-37 cm, and the root length is 15-25 cm.
The raw material yield was 6,970 kg/ha on a dry weight basis (Tab. 1). The exploitable root stock is estimat-
ed at 174.25 tons on a dry weight basis, and the potential raw material harvest volume is 14.4 tons. For the
aboveground parts, these figures are estimated at 6.5 and 4.55 tons, respectively.

Key site No. 3 is located in the Zhanaarkinsky District of the Ulytau Region, near the village of Aktubek
(N 48.56255; E 70.90449, elevation 462 m above sea level). The site covers an area of 7.1 hectares. The
plant community is a ferula-reed type. The main dominant species are: F. songarica (cop2), Calamagrostis
epigeios (soc). The total projective cover reaches 70 %. The herbaceous layer is two-tiered and species-poor.
The density of generative individuals is 0.36+ 0.02 individuals/10 m?, which is the lowest value among the
studied plots. Plants are found singly or in small groups of 5-8 individuals. The average height of generative
plants is 93.06+7.39 cm. Root yield is 3,688 kg/ha. The exploitable stock is estimated at 26.18 tons, and the
potential harvest volume is 2.6 tons (Tab. 1). The exploitable stock of aboveground parts, with a yield of
315 kg/ha, amounted to 2.24 tons, and the potential harvest volume was 1.56 tons (Tab. 2).

Key site No. 4 is located in the Ulytau District, near the Krasnaya Zaimka wintering grounds, on a
rocky, gravelly hill (N 48.73330; E 66.89036, elevation 539 m above sea level). The area covers 5 ha. The
phytocenosis also belongs to the ferula-calamagrostis type. Main dominants: F. songarica (cop2),
Calamagrostis epigeios (soc). Total cover is up to 65-75 %. The herbaceous layer is three-tiered, with a spe-
cies composition of up to 15 taxa. The density of generative individuals is 0.41+ 0.01 individuals/10 m?, and
the number of vegetative individuals is 21.3£1.92 individuals/100 m?. The average height of generative
plants is 135.1£6.52 cm. Root yield amounted to 5,152 kg/ha on a dry weight basis. The exploitable stock is
estimated at 25.76 tons, and the potential harvest volume of underground organs is 2.6 tons (Tab. 1). For
aboveground parts, the raw material yield was 220 kg/ha, the exploitable stock is estimated at 1.1 tons, and
the potential harvest volume at 0.77 tons.

Key site No. 5 is located in the Karaganda Region, Karkaraly District, near the village of Matak
(N 49.68053; E 74.70494, elevation 540 m above sea level). The study plot covers an area of 5 hectares. The
community belongs to the ferula-calamagrostis type. The dominant species are F. songarica (cop2) and
Calamagrostis epigeios (soc), with a total projective cover reaching 65 %. The herbaceous layer is two-
tiered, and the species composition of the community consists of approximately 10-11 taxa. The density of
generative individuals is 0.83+ 0.05 individuals/10 m?, and the number of vegetative individuals is 20.2+1.72
individuals/100 m?. The average height of generative plants is 121.2+6.65 cm. Root yield was 5,020 kg/ha,
and herb yield was 312 kg/ha. The exploitable root stock is estimated at 26.61 tons, with a potential harvest
of 2.7 tons; for grass, these figures are estimated at 1.65 and 1.15 tons, respectively (Tab. 1, 2).

Key site No. 6 is located in the Karaganda Region, Karkaralinsky District, near the village of Koktas
(N 49.61813; E 75.00541, elevation 522 m above sea level). The area of the study plot is 4.8 ha. The com-
munity belongs to the ferula-caragana type. The dominant species are F. songarica (cop2) and Caragana
frutex (copl); the species composition of the community comprises about 15 taxa. The total projective cover
is estimated at 80-85 %. The herbaceous layer is three-tiered. The density of generative individuals is
0.54+ 0.04 individuals/10 m?, and the number of vegetative individuals is 5.9+0.07 individuals/100 m?.
The average height of generative plants is 126.8+8.2 cm. Root yield was 4,250 kg/ha, and grass yield was
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250 kg/ha (Tab. 1, 2). The exploitable root stock is estimated at 2.0 tons, and the grass stock at 1.2 tons. The
potential harvest volume of roots and grass was 0.2 and 0.84 tons, respectively.

Key site No. 7 is located in the Abai District of the Karaganda Region, on the slopes of the Spassky
Hills (N 49.50934; E 73.25108, elevation 605 m above sea level). The site covers an area of 3.2 ha and is
dominated by a rose-spirea-ferula community, with a total projective cover of 90 %. The dominant species is
Rosa spinosissima (cop2), with Spiraea hypericifolia (copl) and F. songarica (cop — sp) as co-dominants.
The overall species composition is quite rich—up to 18-20 taxa. The herbaceous layer is three-tiered. The
density of generative individuals is 0.81+ 0.06 individuals/10 m?, and the number of vegetative individuals is
10.5+0.04 individuals/100 m?. The average height of generative plants is 112.6+£8.3 cm. Root yield was
3,580 kg/ha, and above-ground yield was 234 kg/ha (Tab. 1, 2). The exploitable root stock is estimated at
11.45 tons, and the potential root harvest at 1.2 tons. For aboveground parts, these figures are estimated at
0.75 and 0.52 tons, respectively.

Key site No. 8 is located in the Bukhar-Zhyrau District of the Karaganda Region, in the floodplain of
the Nura River near the village of Rostovka (N 50.07045; E 72.73544, elevation 385 m above sea level). The
area is 6.1 ha, with a community of Calamagrostis, Ferula, and Spiraea. The dominant species is
Calamagrostis epigeios (cop2); co-dominants are F. songarica and Spiraea hypericifolia—both with copl.
The total number of species in the community is 18-19. The herbaceous layer is three-tiered. The density of
generative individuals is 0.71+ 0.05 individuals/10 m?, and the number of vegetative individuals is 9.4+0.03
individuals/100 m?. The average height of generative plants is 126.4+9.4 cm. Root yield was 5,140 kg/ha,
and above-ground yield was 270 kg/ha (Tab. 1, 2). The exploitable root stock is estimated at 31.35 tons, with
a potential raw material harvest of 3.1 tons. For aboveground parts, these figures are estimated at 1.65 and
1.15 tons, respectively.

Analysis of the data revealed significant variability in the population parameters of F. songarica across
different habitats. The highest density of reproductive individuals was observed in Plot 1, where it reached
6.05 individuals/10 m?, while the lowest was recorded in Key site No. 3. The highest root yield indices were
recorded for key site No. 1 — 7,010 kg/ha, and the lowest for plot No. 7 (3,580 kg/ha). However, the highest
grass yield was recorded in key site No. 3 — 315 kg/ha — while the lowest was in site No. 7 — 234 kg/ha.
Differences in the yield and growth density of F. songarica are likely related to soil and climatic conditions.

Conclusion

The study of natural populations of F. songarica in Central Kazakhstan within the Karaganda and
Ulytau regions revealed their widespread distribution and the presence of stands suitable for harvesting raw
materials, including both above-ground and underground parts.

Eight key sites were identified, with a total stand area of 281.5 ha. Root yields ranged from 3,688 to
7,010 kg/ha on an air-dry weight basis, while above-ground organ yields ranged from 234 to 315 kg/ha. The
potential harvest volumes of roots and grass amounted to 183.8 and 55.43 tons, respectively.

The results obtained expand our understanding of the population structure and resource potential of
F. songarica. The practical significance of the study lies in the possibility of using the obtained data to de-
velop scientifically sound recommendations for the rational use of the species’ natural resources and its con-
servation.
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Phytocenotic Characteristics and Resources...

C.K. MyxTty6aeBa, A.K. Pamazanos, /I.B. AreeB, M.b. Takupoa, A.b. Msip3aranuesa

Opraabik Kazakcrangarsl Ferula songarica ¢puToneHOTHKAJIBIK CHIIATTAMACHI
MeH pecypcrapsl (YJabiTay xoHe Kaparanabl 00/1bIcTaphbl HIETiH/IE)

Jlapiik eciMaiKTepAiH OMONOTHSIIBIK, epeKIIeNIiKTepi MEH PeCypCTHIK JICYeTiH 3epTTey Ka3ipri 3aMaHFhl 00-
TaHUKa MEH (apMaKOTHO3HMSHBIH MaHbI3IABI MiHAeTi. KazakcTaH ¢uopachlHBIH NepCHEKTHBAIBI JOPLIIK
TYpiepiHiH Oipi KypaMblHAa OHONOTHSUIBIK O€JCEeHAlI KOCBUIBICTApIBIH KOFapbl OONYBIMEH JKoHE Oaraibl
(bapMakoJIOTHsIIBIK KacheTTepiMeH cumarrtanareid Ferula songarica. Ocel 3eprreyain Makcatbl OpTaibik
KaszakcranHbIH TaOUFH sxaFaainapsiaaa F. songarica momyisinusChiH jKoHe 6CIMIIK IIHKI3aThIHBIH PECypCeTa-
pbiH aHbIKTay. Jlamamsik 3eprreymnep 2024-2025 Kpuigapsl MapHIpYTTHIK-Oapiiay oIiciMeH ¥YIIBITay >KoHE
Kaparanas! o6bIcTapbIHEIH ayMarbIHa OpHANACKAH CEeri3 HeTi3ri ydackene sxyprizingi. JKyMmsic 6apbIchIHIa
OCIMIIKTEPIIH ©Cy TBIFBI3IBIFEL, MOP()OMETPHSUIIBIK KOPCETKIMTepi, OHIMIUIr, MMKI3aTTHIH NaifanaHy
KOpJIapbl KOHE BIKTUMAIl JKMHAY KeyeMi alKpIHAanasl. F.songarica kareicaThlH TaOHFU MOMYyJISILHUSIIAp
JapaKTap/blH CUPEK KCHICTIKTE OpHAIACYBIMEH CHUIIATTANATHIHBI aWKbIHIANABL. [ eHepaTHBTIK eciMIikTepain
TeIFB3ABIFEL 0,36-1a0 6,05 nanaman /10 M2, an ecimpaikrepain Guikriri 83,06-133,2 cm kypaiiasl, Tamsip
eHiMimiTi aya-Kyprak canmakka ecenrereHae 3580-7010 kr/ra, »xepycri opranmgapsl — 234-315 kr/ra
Kypazpl. lukizaT naifbiHOay YIOiH XKapaMIbl y9acKenepIiH KUBIHTHIK aymaHs! 281,5 ra 6omnapl. TyOiprepaiy
naiiganany xKopsl 1874,85 tonnara, memntep 79,22 ToHHara OaranmaHibl. bIKTHMan Tamblp XWHAY KeieMi
183,8 ToHHa, xepycTi opraHmapbl — 55,43 TOHHA JCHIeHiHAE €CENTENreH. AJIBIHFAH HOTHXKEJICp IOPLTiK
KoHE mapadapManeBTHKAIBIK 3aTTapIbl OHAIPY YIIiH TaOuFH jkargailiapaa F.songarica mmki3atelH KHHAY
MYMKIHZITH KopceTesi.

Kinm ce3z0ep: Ferula songarica, momyssiiusicel, enimuiniri, Opransik Kazakcran, mainanany KOpbl, BIKTHMAI
JKUHAY KOJIeMi, TAMBIPBI, OMOMAaccachl, TOPLTIK ©CIMIIK IIUKI3aTH.

C.K. Myxty6aeBa, A.K. Pama3zanos, /I.B. Arees, M.b. Takuposa, A.b. Mrip3aranuesa

DOuTOEHOTHYECKAS] XAPAKTEPUCTHKA
u pecypenl Ferula songarica B LlentpanbHom Ka3axcrane
(B mpenesax YabiTayckoil 1 Kaparanaunckoii o0J1acrei)

W3yyeHne OMONOTHYECKUX OCOOCHHOCTEH M PECYPCHOTrO MOTCHIMANa JICKAPCTBEHHBIX PACTCHHUN SBIACTCS
Ba)XHOW 3a1avell coBpeMeHHOU OoTaHWKH M (papmakorHo3uu. OZHHUM W3 TEPCIEKTUBHBIX JIEKApCTBEHHBIX
BuoB (utopsr Kazaxcrana sisisiercst Ferula songarica, xapakrepu3yrommasicsi BRICOKHM CO/IepKaHneM OHOIIO-
THYECKH aKTHBHBIX COEJIWHEHWH W LEHHBIMU (DapMakoJIOTHYECKHMH CBOWCTBaMH. Llenmbro HacTosmero mc-
CllefOBaHuUs SIBJSUIOCH BBISIBIICHHE momyisiiuii F. songarica B mpupoausix yenoBusix LlenrpansHoro Kazax-
CTaHa W OLEHKa PeCypcoB PacTUTENHLHOro ChIpbs. [loneBbie MccnenoBanus npoBoAuauch B 2024-2025 rr.
MapuIpyTHO-PEKOTHOCIIMPOBOYHBIM METOZIOM Ha BOCBMHU KITIFOUEBBIX y4acTKaX, PacroIOKEHHBIX HA TEPPUTO-
pun Yibitayckoit 1 Kaparanmunckoit obnacteii. B xome paboTsl onmpeaessuiinch MIOTHOCTh MPOU3PACTaHus,
MOp(pOMETPHYECCKUE MTOKA3ATEIN PACTEHHUH, YPOKAWHOCTD, IKCIUTYaTaAI[IOHHBIC 3aIachl CHIPhS U 00BEM BO3-
MOXHOTO cOopa. YCTaHOBIIEHO, 4TO TPHPOAHBIC MOMY/SIIHK C y4acTdeM F. songarica xapakTepu3yroTcst
pa3peXeHHBIM MPOCTPAHCTBEHHBIM pa3MeIleHneM ocoOeid. [IMoTHOCTh reHepaTUBHBIX PACTEHUH BapbHpYET
ot 0,36 1o 6,05 3k3./10 M%, a BeIcOTa pacTeHuii coctasiser 83,06—133,2 cm. YpoxaliHOCTh KOpHEH B Tepe-
cueTe Ha BO3MYMIHO-CyXoit Bec cocTtaBmiaa 3580-7010 kr/ra, Ham3eMHbIX opraHoB — 234-315 kr/ra. CoBo-
KyIHasl IUIOIIab YYaCTKOB, IPUTOIHBIX [UI 3aTOTOBKHU CBIPbA, cocTaBuia 281,5 ra. DKCIIyaTallMOHHbIN 3a-
nac KopHeii orieneH B 1874,85 TonH, TpaBel — 79,22 ToHH. OO0BEM BO3MOXKHOTO cOOpa KOpHEH paccUuTaH Ha
ypoBHe 183,8 TOHH, Haa3eMHBIX opraHoB — 55,43 ToHH. IlonmyueHHbIe pe3ynbTaThl MOKa3bIBAlOT BO3MOXK-
HOCTB cOOpa ChIpbsi F. SONgarica ¢ npupoouvix yciosusx 0ns npou3e00Cmad NeKapCmeeH bx U napapapma-
YesmuUecKux cpeocms.

Knioueswie crnosa: Ferula songarica, momyssiiust, ypoxaiitnocts, [entpansusiii Kazaxcran, sKcriTyarannoH-
HBIH 3a1mac, 005eM BO3MOXKHOTO cOOpa, KOpHH, HaJ[3¢MHast Onomacca, JIeKapCTBEHHOE PaCTHTEIIFHOE CHIPhE.
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Anatomical structure of the leaves and shoots of Sophora japonica grown
under cultivation in Aktau (Mangistau Region)

Selecting an adaptive plant assortment under conditions of global climate change and increasing aridification
is a critical task for modern botanical science. This study focuses on the anatomical structure of young shoots
and leaves of Sophora japonica to assess its adaptability to the arid conditions in the city of Aktau. Plant
samples grown in the Mangyshlak Experimental Botanical Garden were collected for the study. Leaves and
shoots were fixed, examined using a freezing microtome, and subsequently described in terms of their ana-
tomical structure, with measurements taken of individual tissues. The results revealed that the leaf of Sophora
japonica is of the light-type, with a clear division of the mesophyll into palisade and spongy tissues, the pres-
ence of a cuticle, and single- and multicellular trichomes on the epidermis; the stomata are of the anomocytic
type, and based on their arrangement, the leaf is of the amphistomatic type. The mesophyll contains numerous
calcium oxalate druses, localized primarily along the leaf veins. One-year-old shoots have a secondary ana-
tomical structure, featuring a wide zone of chlorenchyma and a narrow zone of parenchyma. Xylem elements
are small. The shoot epidermis exhibits a significant cuticle layer and soft trichome pubescence. This set of
microscopic characteristics confirms the species’ adaptation to the arid conditions of the city of Aktau.

Keywords: Sophora japonica, shoot, leaf, subtropical plant, anatomical study, diagnostic signs, adaptation to
arid climate.

Introduction

Kazakhstan, especially its arid regions such as Mangistau, is facing accelerated aridification of the cli-
mate [1]. This poses challenges for biodiversity and agriculture, particularly due to the loss of plant species
capable of adapting to extreme climatic conditions [2, 3].

Climate change projections indicate increased drought and rising average annual temperatures [4],
which necessitate the development of sustainable strategies for the conservation and use of drought-tolerant
plants. One promising direction is the introduction of subtropical woody xerophytes, which are well adapted
to conditions of water scarcity and high temperatures [5].

Globally, subtropical plants are widely studied in countries with warm climates, such as Greece, Tur-
key, Spain, and others [6-8]. These studies aim to conserve and utilize subtropical plants under climate
change conditions; however, they focus on areas with milder climates compared to the arid regions of Ka-
zakhstan.

In the Republic of Kazakhstan, research related to the introduction of subtropical plants into arid re-
gions is still in its early stages. To date, the mechanisms by which subtropical plants adapt to conditions of
extreme drought have not been sufficiently studied, which limits the possibility of their widespread use for
landscaping and land restoration. The lack of knowledge regarding the physiological, phenological, morpho-
logical, and genetic mechanisms by which these plants adapt to conditions in Mangistau necessitates in-depth
research.

Therefore, a promising area of research at this time is the assessment of the degree of adaptation of sub-
tropical plants to the extra-arid climate of Kazakhstan, including the evaluation of physiological,
phenological, and anatomical-morphological indicators.

The aim of this study is to assess the characteristics of the anatomical structure of the leaves and shoots
of the subtropical plant Sophora japonica growing in the conditions of Aktau.
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Anatomical structure of the leaves...

Experimental

The study subjects were shoots and leaves of Sophora japonica (Fig. 1), collected from the
dendrological section of the Mangyshlak Experimental Botanical Garden in May and August 2026.

Figure 1. Flowering (A) and fruiting (B) Sophora japonica plants
in the Mangyshlak Experimental Botanical Garden

The structural study included microscopic analysis of tissues to identify anatomical changes associated
with drought adaptation. This will help us understand how changes in cell and tissue structure contribute to
water conservation and ensure plant survival under water-deficient conditions. Anatomical analysis will also
be used to assess the condition of generative organs, which is important for understanding the mechanisms of
drought tolerance.

Shoots and leaf samples were fixed in Fleming’s solution [9], consisting of distilled water, 96 % ethyl
alcohol, and glycerin in a 40:40:40 ratio (1:1:1). Transverse sections were prepared on an OMT-2802E freez-
ing microtome, MZP-01 “TEKHNOM” (Russia). The resulting sections were examined and photographed
using a Stemi 2000 MA151/35/20 microscope (China) at magnifications ofx 60,x 150, andx 240. Photo pro-
cessing and measurements were performed using the HistoLab software. Specimens were cleared using glyc-
erin [10]. Blue and green light filters were used to ensure image clarity.

Microscopic preparations were described according to methodological guidelines [11, 12].

All measurements were performed in 10 replicates. Data are presented as mean + standard devia-
tion (SD). Differences between treatments were analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s honestly significant difference (HSD) test at a significance level of p < 0.05.

Results and Discussion

The leaf of Sophora japonica is compound, imparipinnate, consisting of 6—15 pairs of leaflets. The
leaves are dark green, almost smooth, and glossy on the adaxial side; on the abaxial side, they are light green
and sparsely pubescent.

Microscopically, the leaf is of the light-type, flat, and dorsoventral in structure (Figs. 2, 3). The surface
on both sides is covered by a single-layered epidermis; the thickness on the upper side is 1.46 um, and on the
lower side, 1.23 um (Tab. 1). On the lower side, long, sparse, simple trichomes are noted, the length of
which may exceed the thickness of the mesophyll. On the upper side of the leaf, the trichomes are small, uni-
cellular, and pressed against the surface. The trichomes are unicellular and multicellular, with thin walls,
straight or sickle-shaped. The cells on the adaxial side are larger and oval-shaped; the cuticle layer is thicker.
On the abaxial side, the cells are clearly defined, and the cuticle layer is thin.
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Figure 2. Cross-section of a Sophora japonica leaf, fragment in the region of the midrib
1 — upper epidermis, 2 — lower epidermis, 3 — trichome, 4 — palisade mesophylI,

5 — spongy mesophyll, 6 — loose collenchyma, 7 — vascular bundle

Figure 3. Cross-section of a Sophora japonica leaf, lateral fragment
1 — upper epidermis, 2 — lower epidermis, 3 — trichome, 4 — palisade mesophyll, 5 — spongy mesophyll

Table 1

Dimensions of certain leaf tissues of Sophora japonica

No. Tissues Parameters
1 Epidermal cell size, um

1.1 Upper side 1.46+0.008

1.2 Lower side 1.2340.10
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Continuation of Table 1

No. Tissues Parameters
2 Mesophyll thickness, pm 18.69+0.43
3 Columnar mesophyll

3.1 Number of rows, pieces 1-2

3.2 Row thickness, pm 7.78+0.29
4 Spongy mesophyll

4.1 Number of rows, pieces 3

4.2 Row thickness, pm 8.94+0.13

The mesophyll has a thickness of 18.69 um in the lateral part of the leaf and is well divided into pali-
sade and spongy tissues. The palisade tissues are 1-layered, rarely 2-layered, with a thickness of 7.78 pm.
The spongy tissues form up to 3 layers, and the thickness of this zone is 8.94 um. The central bundle is oval,
slightly curved, collateral, of the closed type, surrounded by areas of loose collenchyma, the zones of which
are thicker on the lower side. The phloem occupies an extremely small area, whereas the xylem occupies the
main part. Under the epidermis, rare calcium oxalate crystals are noted, located primarily along the leaf
veins (Fig. 4).

The leaf epidermis on both sides consists of cells with slightly curved lateral walls (Fig. 4); the walls
are thickened. Stomata are numerous, of the anomocytic type, and located on both sides (amphistomatic

type). Above the leaf veins, the epidermis consists of prosenchyma cells with straight walls. Numerous
druses are visible through the epidermis.

C

Figure 4. Surface preparation of Sophora japonica:
A — epidermis, B — crystalline inclusions along the leaf vein; C — anomocytic stomata, D — trichome
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Trichomes are simple multicellular hairs consisting of a short base and long cells with a thick cuticle
layer and warty walls.

Leaf tissues are characterized by large-celled structures, a well-developed cuticle on the upper surface,
and pubescence on the lower surface, which is an adaptive trait for solar activity. The differentiated meso-
phyll indicates a light-demanding leaf type, and the presence of calcium oxalate druses indicates tolerance to
growth on saline soils.

Young shoots of Sophora japonica are green or greenish-gray in color, often sparsely pubescent with
short, simple hairs, and less frequently glabrous. The one-year-old shoot is rounded-lobed and non-
fasciculate in structure (Fig. 5). The general pattern of microscopic structure is characteristic of secondary
thickening.

The epidermis forms the outermost layer, with a thickness of 1.89 um (Tab. 2); it consists of small,
nearly rectangular cells. A fairly thick layer of cuticle is visible on the surface. The epidermis is reinforced
by a ring of collenchyma cells lying beneath it. The chlorenchyma is 16.8 um thick. The cortical parenchyma
is also thick, with cells of a sinuous shape.

The sclerenchyma ring occupies a significant portion of the internal tissues and consists of small cells
with barely visible intercellular spaces. The vascular system itself is of the non-bundled type, although clus-
ters of fused bundles can be observed. The sclerenchyma ring is separated from the parenchyma by a layer of
endoderm consisting of oval cells with straight walls.

Figure 5. Cross-section of a one-year-old shoot of Sophora japonica, fragment
1 — epidermis, 2 — cork parenchyma, 3 — pith, 4 — endodermis,
5 — collenchyma, 6 — chlorenchyma, 7 — xylem

Table 2

Dimensions of some tissues of a one-year-old shoot of Sophora japonica

No. Tissues Parameters
1 Epidermis thickness, um 1.89+0.04
2 Thickness of the parenchyma layer, um 16.80 +£0.72
3 Diameter of xylem vessels, um 2.30+0.13
4 | Area of xylem vessels, x10~~™™ 4.76+0.11
5 Diameter of heartwood parenchyma cells, um 4.28+0.53

The phloem layer is thin, while the xylem layer is substantial. The average diameter of xylem vessels is
2.3 um, and their area is 4.76 um?. The central part is occupied by loose cells of the medullary parenchyma,
with a cell diameter of 4.28 um.
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The formation of a wide zone of cortex and chlorenchyma, the absence of a thick cuticle layer on the
stem epidermis, and the development of mechanical tissues on the young shoot confirm the species’ adapta-
bility to arid conditions. These changes help conserve moisture, provide rigidity to cells when turgor is lost,
and the development of pubescence allows for the dissipation of excess sunlight.

Conclusion

Microscopic examination of Sophora japonica grown in the Mangistau region revealed diagnostic fea-
tures such as amphistomatic leaf type, an epidermis consisting of isodiametric cells with slightly curved
walls, the presence of long, multicellular, coarse, wart-like hairs, a thick cuticle layer, and the presence of
calcium oxalate crystals in the leaf mesophyll; a secondary anatomical structure of the stem with a well-
defined zone of chlorenchyma and medullary parenchyma, a single-layered collenchyma, pubescence, and a
cuticle on the stem epidermis.

It has been determined that the anatomical structure of the leaf and shoot indicates the plant’s adaptabil-
ity to the extra-arid conditions of the city of Aktau, which confirms the possibility of its widespread use in
the region’s green construction.
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A.A. man6aeBa, A.T. Tysakosa, H.W. JlyiicenoBa

Axray (MaHFbICTAy 00JIbICHI) JaKbLIIAPbIHAA OCipiireH
Sophora japonica sxanbipaFbl MeH OpKeHAePiHiH AHATOMHUSIBIK KYPbLIbIMbI

KimumatTeiH sxahaHIpslk e3repyl jKoHE apUIM3alUsHBI KYIICHTY JXKarmalblHIa ©CIMIIKTEpiH OeiiMaenreH
ACCOPTHUMEHTIH TaHAay Ka3ipri 3aMaHfbl OOTAHUKAJBIK FRIIBIMHBIH MaHBI3ABI MiHAETI. JKYMBICTBIH MaKcaThl
— AKray KanachlHBIH KYPFaK *araiinapsina Oeitimaenyi Oaranay yurin Sophora japonica »ac eckini MeH
JKAIbIPAFbIHBIH AHATOMMSUIBIK KYPBUIBIMBIH Oaranay. 3epTTey YIIH MaHFBIIUIAK 3KCIEPUMEHTAIIIBI
OOTaHUKANIBIK OaFbIHAA ©CIPIIreH 6CIMAIKTEpAiH YATiaepi ansiHabl. JKanplpakTapbl MEH ©pKeHAEp1 1piKTeim,
MY3IaTKBIII MAKPOTOMABI KOJIIaHA OTBIPHIN, MHKPOCKOIHS JKACa/Ibl J)KOHE aHATOMUSUIBIK KYPBUIBIMIBI 9pi
Kapail cumarrar, xeke TiHIAepaiH mapamerprepi enmenai. Hotmxkecinae Sophora japonica sxarbIpaFbIHbIH
JKapKBIpaybIK THUNTE EKEeHAIr, Me30(QWUINIH MaIMCaATHl XKOHE KeyeK Topi3mi TiHaepre aHBIK OeiHyi,
SMUAEPMHCTE KYTHKYJIAHBIH, Oip XoHE KeIl )KacyIlaabl TPUXOMaJapAblH OOybl; CaHBUIAybl aHOMOLUTAPIIEI
THUIIKE, Al OpHaJacyblHa Kapai jkamblpak aM(UCTOMAaTHKAJbIK THIIKE >aTagsl. Mesodmuine Kambouid
OKCAaJIaTBIHBIH KeNTereH Apy3aepi Oap, ojap HETI3iHEH JXamblpaK TaMbIpiapbl OOWBIMEH OKIIayJIaHFaH.
XKbUIObIK epKeHep KallTallaMa aHaTOMUSUIBIK KYPBUIBIMFA M€, XJIOPEHXMMAa MEH KaOBIK IapeHXUMACHIHBIH
KeH aiiMarbiHa ue. Kcmmema sneMeHTTepi ycak. OpKeHHIH SMHACPMHCIHAE KYyTHKYJIaHBIH eIoyip KalaTsl
JKOHE KYMCAK TPUXOMANAPIBIH TYKTI O0iybl Oalikanamapl. MUKPOCKOMISUIBIK Oelrisiep KemeHi TypaiH AKray
KaJIaCBIHBIH KYPFaK JKaFxaiinapeiHa OeHiMIenyiH pacTaibl.

Kinm ceszoep: Sophora japonica, epKeH, KambIpak, CyOTpPOIUKAIBIK OCIMIIK, aHATOMHSIIBIK 3EpTTCY,
JIMaTHOCTUKANBIK OeNTijiep, apuaTi KiuMartka OeitiMaeny.

A.A. NmanbaeBa, A.T. Tysikosa, H.U. [lyiicenoBa

AHaToOMH4YeCKoOe CTPOeHHe JHuCcTa 1 modera Sophora japonica BeIpaleHHoro B
KYyJbTypbl B AKTay (MaHrucrayckas 00J1acThb)

Tlonbop amanTHBHOTO acCOPTHMEHTa PACTEHHI B YCIOBHAX INIOOATFHOTO M3MEHEHUS KIMMara M yCHIICHUS
apuIU3aliK SBISETCS] BXKHOW 3a/aueil cOBpeMeHHOH OoTaHmdeckod Hayku. Llens HacTosimie# paboThl 3a-
KJII0YaIach B OLIEHKE aHATOMUYECKOr0 CTPOCHMsSI MOJIOJOro mobera u mucra Sophora japonica s oLeHKH
aJIaTUBHOCTH K apUAHBIM YCIOBHUSIM ropona Axray. s uccieqoBaHUs ObUIM B3STHI 00paslibl PacTeHHI,
BBIPAIlEHHBIX B MaHTBIIUIAKCKOM 9KCIIEPUMEHTAILHOM OOTaHUYecKoM caay. JIMCThs u mobern pukcupoa-
7M1, BBINOJHSIN MHKPOCKOIIMPOBAHME C HCIIOIH30BAaHHUEM 3aMOPaXHMBAIONIETO MHKPOTOMA M JalbHEHIINM
OIMHCaHWEeM aHaTOMHYECKOTO CTPOSHHS W M3MEPEHHEM IapaMeTpOB OTAENBHBIX TKaHeH. Pe3ymbTaTsl mo3Bo-
JIMITK BBISIBUTB, 4TO JIMCT SOPhOra japonica cBeTOBOTo THIIA, C YETKUM JieJIeHHeM Me30(HlIa Ha MaTHCaHYIO
U TyO4UaTyio TKaHH, HAINYIHEM KyTHKYIBI, OJHO- ¥ MHOTOKJIETOYHBIX TPUXOM Ha SMHIEPMICE; yCTHHIA aHO-
MOIIUTHOTO THIIA, TI0 UX Pa3MEIIEHUI0 — JUCT aM(HUCTOMATHIECKOTO THIA. B Me3o¢umie mpucyTCTBYIOT
MHOT'OUUCIICHHBIE JIpY3bl OKcajaTa KajbLUs, JOKAIN30BAHHBIC MPEUMYIIECTBEHHO BAOJIb JKWIOK JHcTa. I'o-
JUYHBIE TTOOErM MMEIOT BTOPUYHOE aHATOMUYECKOE CTPOEHHE, 00JIafaloT IIMPOKON 30HOH XJIOPEHXUMBI
KOpOBOH mapeHxuMbl. KcuneMHble aneMenTsl Menkue. Ha snmuaepmuce mobdera oTMedeH 3HAYUTEIbHBIH CIIOH
KyTUKYJIBl U NIPUCYTCTBHUE OIYIIEHUS U3 MATKUX TPUXOM. KoMIUIeKkC MUKpOCKOMMYECKUX NMPHU3HAKOB IOJ-
TBEpIKAAeT aJanTaIfio BH/A K 3aCyIIINBBIM yCIOBHSM Topojia AKTay.

Knroueswie cnosa: Sophora japonica, nooer, juct, cyOTponuueckoe pacTeHHE, aHATOMHYECKOE HCCIeI0Ba-
HHE, TUarHOCTUYCCKUE IPH3HAKY, a/JaNTallis K apUIHOMY KIIIMATy.
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Search for promising medicinal plants of
the Rosaceae family in the flora of the Mangistau Region

The study of medicinal plants in the regions of Kazakhstan is of great importance for identifying new sources
of medicinal raw materials. The Mangistau Region is one of the least studied areas in Kazakhstan in terms of
the potential and raw material resources of medicinal plants. This study assessed the potential medicinal use
of members of the Rosaceae family. Twelve species belonging to eight genera of the Rosaceae family were
recorded in the Mangistau Region. Among life forms, trees (4), shrubs (6), annual (1), and perennial (1) herbs
were identified. In terms of ecology, the species were classified as mesophytes (7), xeromesophytes (4), and
xerophytes (1); in terms of substrate type, they were classified as psammophytes (1), petrophytes (3), litho-
phytes (4), and glycophytes (4). The distribution of representatives of this family is ranked as follows: com-
mon — 2 taxa, rare — 1, very rare — 6. This situation can be explained by historical reasons and the climatic
characteristics of the region. The potential for the medical use of all 12 taxa in the prevention and treatment
of various groups of diseases has been established. The introduction of all identified species of this family is
recommended, as there are no natural reserves for harvesting raw materials. The data obtained allow for plan-
ning further research on their introduction and practical application in medicine and for the production of pa-
ra-pharmaceutical products.

Keywords: Rosaceae family, medicinal plants, summary, life forms, ecological groups, distribution, potential
for medical use.

Introduction

Medicinal plants are of great importance worldwide as a source of new drugs, cosmetic preparations,
and raw materials for the food industry [1]. For example, in Europe, more than 1,300 medicinal plants are
used, of which up to 90 % are considered non-traditional, including wild resources. In the U.S., up to 85 %
of prescriptions are based on natural ingredients. When analyzing the situation in developing countries in
South America, Africa, and Southeast Asia, more than 80 % of the population uses exclusively traditional
medicine, that is, remedies derived from plant and animal sources [2]. In the healthcare systems of developed
countries, up to 25 % of prescriptions are for plant-based remedies.

The use of medicinal raw materials varies by country. Traditional Chinese and Indian medicine utilize
up to 11,000 plant species, whereas European countries use approximately 300 species (Fig. 1).

Herbal medicines have an advantage over synthetic ones, which lies in their low toxicity, generally mild
action, rare induction of allergic reactions, and the possibility of repeated and long-term courses of treatment
and prevention. Therefore, the study of plants and the development of highly effective medicines based on
them is one of the pressing tasks of medical and pharmaceutical science.
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Figure 1. Number and percentage of medicinal plant use in different countries.
The bars in the histogram show the number of species, the dots show the percentage (according to Chen et al., 2016)

In recent decades, there has been a sharp increase in demand for herbal medicines, natural health prod-
ucts, and over-the-counter medications, leading to a rise in their use [3]. According to the IUCN, between
50,000 and 80,000 flowering plant species worldwide are used by people for medicinal purposes [4]. This
raises the issue of preserving medicinal resources, as some authors estimate [5] that one medicinal species
disappears every two years. Approximately 15,000 species are threatened with extinction, and 20 % of natu-
ral resources have been virtually depleted as a source of raw materials [6]. This problem is particularly acute
in Africa, India, and China. The risk of extinction is linked to habitat destruction and intensive harvesting,
which prevents plants from regenerating their populations.

Therefore, many countries around the world are developing regional programs to assess the status of
natural resources, monitor their condition, evaluate genetic diversity, and implement in situ and ex situ con-
servation programs [6-8]. The most common measures include: conservation in natural habitats, shifting in-
dustrial production to cultivation, and conservation in the form of living collections at botanical institutions
and seed banks (Fig. 2).

| MNatural reserves |

i In situ conservation I—»

Wild nurseries

| Botanic gardens |

Conservation
strategies

IEx Sifu conservation |—n-

| Seed banks |

I Cultivation practice I_"" practices (GAP)

Good agricultural ‘

Figure 2. Schemes of methodological systems for the conservation of medicinal plants in global practice

Thus, an analysis of the global situation regarding medicinal plants reveals prospects for their compre-
hensive study, both in the wild and in cultivation, as well as the expansion of their practical applications.
Among taxonomic groups, the Rosaceae family is of particular interest, as its species possess many useful
properties: edible, ornamental, honey-producing, forage, medicinal, and decorative, among others.

The aim of this study is to assess the potential of medicinal plants of the Rosaceae family in the flora of
the Mangistau Region for use in the treatment and prevention of various diseases.

Experimental

The subject of the study was species of the Rosaceae family in the flora of the Mangistau Region. Data
analysis was conducted in 2025-2026. A summary of the species of this family was compiled based on an
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analysis of field journals, MANG herbarium materials, data from the iNaturlist platform, and a summary of
the region’s flora [9].

The names of the accepted plant taxa are given according to data from the Plants of the World Online
(POWO) platform [10].

To assess the potential for utilizing raw materials from natural habitats, the occurrence of this family’s
representatives in the wild was evaluated using the following categories: common, occasional, rare, and very
rare [11].

Plants were ranked according to their medicinal properties based on literature data [12-18].

Results and Discussion

The territory of the Mangistau Region (Western Kazakhstan) is characterized by extremely arid condi-
tions [19], which creates difficulties for the growth of many plant groups; however, the climatic conditions
(moisture deficit and high solar insolation) are favorable for the accumulation of many groups of biologically
active substances [20, 21].

An analysis of data on the region’s flora showed that 770 species of vascular and higher spore-bearing
plants, belonging to 333 genera and 73 families, grow in the region [9]. The largest families are Asteraceae,
Boraginaceae, Brassicaceae, Caryophyllaceae, Chenopodiaceae, Fabaceae, Poaceae, and Polygonaceae,
which account for up to 65 % of the total number of species.

The Rosaceae family in the flora of the Mangistau Region is not large in terms of species composition,
comprising 12 species from 8 genera (Tab. 1).

Table 1

List of species of the Rosaceae family in the flora of the Mangistau Region, with brief descriptions

No. Species Life form Ecological group Economic importance Distribution
1 |Armeniaca vulgaris Lam. Tree Xeromesophyte, Medicinal, edible, ora- Very rare
glycophyte mental, honey plant
. Xeromesophyte, Ornamental, honey plant,
2 |Crataegus altaica Lge. Tree petrophyte medicinal, edible Very rare
Crataegus ambigua Xeromesophyte, Ornamental, honey plant, .
® [C.A Mey Tree, S lithophyte medicinal, edible Occasional
Malus sieversii (Ledeb.) . Medicinal, edible, fodder,
4 M. Roem. Tree Mesophyte, lithophyte ornamental, honey plant Very rare
5 E'%tﬁ]r;trzl]la pedata Willd. ex Perennial |Xerophyte, psammophyte|Ornamental, medicinal Common
. . Annual, Medicinal, forage, orna- .
6 |Potentilla supina L. biennial Mesophyte, petrophyte mental, honey plant Occasional
. Medicinal, edible, forage,
7 |Prunus spinosa L. Shrub Mesophyte, glycophyte ornamental, honey plant Very rare
. Medicinal, edible, orna-
8 |Rosa canina L. Shrub Mesophyte, glycophyte mental, honey plant Very rare
9 |Rosa iliensis Chrshan. Shrub Mesophyte, lithophyte  |Medicinal, ornamental Very rare
Medicinal, edible, .
10 [Rosa laxa Retz. Shrub Mesophyte, glycophyte ornamental Occasional
11 |Rubus caesius L. Shrub Mesophyte, lithophyte Medicinal, edible, forage, Common
ornamental, honey plant
. - Xeromesophyte, Medicinal, forage, orna-
12 |Spiraea hypericifolia L. Shrub petrophyte mental, honey plant Rare

Despite the extremely arid conditions of the Mangistau Region, most of the identified species are
mesophytes in terms of moisture requirements — 7 taxa, or 58.3 % — while 4 species are classified as
xeromesophytes, accounting for 33.3 %. Only one species is classified as xerophytes — 8.2 %. This is due to
the fact that members of this family primarily grow in gorges, along streams, springs, and seasonal water-
courses — that is, in relatively more humid areas. The only xerophyte (Potentilla pedata) grows on mountain
slopes, in desert zones, and on sandy soils.

In terms of life forms, 4 taxa (33.3 %) are trees, 6 species (50.0 %) are shrubs, and 1 species each
(8.2 %) are classified as perennials and herbaceous perennials.
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A pronounced ecological differentiation is also observed in relation to the substrate. Thus, the
psammophyte (1 taxon — Potentilla pedata) grows on sandy soils and helps stabilize the sand. Petroophytes
comprise 3 species: Spiraea hypericifolia, Crataegus altaica, and Potentilla supina, which are restricted to
rocky slopes and plains, as well as gravelly scree. Lithophytes (4 species: Rubus caesius, Crataegus
ambigua, Rosa iliensis, Malus sieversii) grow primarily in the cracks of rocky outcrops, especially along
springs and streams, and are thus adapted to extreme arid conditions and a limited soil layer. Glycophytes are
represented by 4 species (Armeniaca vulgaris, Prunus spinosa, Rosa canina, Rosa laxa) and prefer slightly
saline soils.

This ratio of ecological groups indicates that the flora of this family formed at the junction of typically
steppe, boreal, and desert elements. It is likely that in earlier periods, members of the Rosaceae family were
more widely distributed; however, due to subsequent aridification of the climate, their range narrowed to
limited mountainous areas where fresh water sources are present.

In terms of distribution within the study area, the species were distributed as follows: common — 2 taxa
(16.5 %), including Rubus caesius and Potentilla pedata. Three taxa (25 %) are occasionally found, includ-
ing Rosa laxa, Potentilla supina, and Crataegus ambigua. Only one taxon (8.2 %) falls into the “rare” cate-
gory -Spiraea hypericifolia. The remaining 6 species (50.5 %) fall into the “very rare” category. This situa-
tion is linked to the region’s climatic conditions, where Rosaceae species grow in more humid areas associ-
ated with oases and mountainous regions with springs. This results in a limited number of suitable habitats.
This situation indicates the limited availability of raw materials in natural conditions, meaning there is a need
to introduce and subsequently cultivate species of the Rosaceae family for their practical use.

When considering their beneficial properties, it was noted that all members of this group possess medic-
inal, edible, honey-producing, and ornamental properties.

A separate analysis was conducted on the potential medicinal properties of species in the Rosaceae fam-
ily. For example, *Armeniaca vulgaris* is a valuable source of minerals, pectin, free sugars, pigments, and
flavonoids. In folk medicine, it is used for cardiovascular diseases, to boost immunity (Table 2), as a vitamin
supplement, for diabetes prevention, and to improve digestion and vision [14].

Table 2

Medicinal properties of medicinal plants of the Rosaceae family growing in the Mangistau Region

Medicinal properties
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1 |Armeniaca vulgaris Lam. + + + + +
2 |Crataegus altaica Lge. + + +
3 |Crataegus ambigua C.A. Mey + + + +
4 |Malus sieversii (Ledeb.) M. Roem. + + + +
5 [Potentilla pedata Willd. ex Hornem. + +
6 [Potentilla supina L. + +
7 |Prunus spinosa L. + + + +
8 |Rosa canina L. + + + +
9 |Rosa iliensis Chrshan. + + + +
10 |Rosa laxa Retz. + + + +
11 |Rubus caesius L. + + + + + +
12 |Spiraea hypericifolia L. +
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The flowers and fruits of Crataegus altaica and Crataegus ambigua are also a source of vitamins, ca-
rotenoids, sugars, and phenolic compounds. They are used in conventional and traditional medicine to treat
cardiovascular diseases, as a sedative for the nervous system, as a vitamin supplement, to improve brain
function, for hypertension, to improve gastrointestinal function, and as an anti-allergic and antioxidant
agent [15].

Malus sieversii is a source of minerals, vitamins, pectins, sugars, and organic acids. The fruits have a
beneficial effect on gastrointestinal function, possess mild diuretic and cholagogue properties, promote the
elimination of heavy metal salts from the body, and have a general tonic effect [16].

The herbs Potentilla pedata and Potentilla supina have anti-inflammatory, general tonic, anti-burn, and
antimicrobial effects and positively influence the functioning of the cardiovascular system [17].

The fruits of Prunus spinosa contain sugars, vitamins, pectins, flavonoids, and organic acids. They are
used fresh or dried for constipation, as a carminative and vitamin supplement; they strengthen blood vessel
walls, normalize blood pressure, and lower blood cholesterol levels [12, 13].

The fruits of Rosa canina, Rosa iliensis, and Rosa laxa are used as a vitamin supplement; they possess
anti-inflammatory, antimicrobial, and cholagogue properties. A decoction is used for hypertension, to
strengthen blood vessel walls, and as a sedative [12].

The fruits and leaves of Rubus caesius contain minerals, pectins, vitamins, coumarins, fatty oil, and es-
sential oil. The plant is included in vitamin, cholagogue, and stomachic preparations. The roots possess he-
mostatic properties. In folk medicine, the leaves are used to normalize intestinal peristalsis and externally to
wash wounds; decoctions and juice serve as sedatives and antipyretics [12, 13].

The shoots and flowers of Spiraea hypericifolia possess antioxidant and antiviral activity, and extracts
exhibit antimicrobial and anti-inflammatory effects [18].

Thus, it has been established that all species of the Rosaceae family have potential for medical use in
the prevention and treatment of diseases of various etiologies. 10 species are used to treat cardiovascular dis-
eases, 9 taxa are used to treat the gastrointestinal tract, 5 taxa are used as antiallergic and antitoxic agents,
9 species are used as vitamin supplements, 7 species are used to boost immunity, 2 species for the prevention
and treatment of urinary tract diseases, and 12 species possess other pharmacotherapeutic properties.

Conclusion

Thus, 12 species of the Rosaceae family have been identified growing in the Mangistau Region. Among
the life forms, trees, shrubs, and annual and perennial herbs were identified. In terms of ecology, the species
were classified as mesophytes, xeromesophytes, and xerophytes; in terms of substrate type, they were classi-
fied as psammophytes, petrophytes, lithophytes, and glycophytes. The distribution of representatives of this
family ranges from common to very rare; most of the identified species occur only in limited areas within the
region, which is due to the region’s climatic characteristics. The potential for the medical use of all 12 taxa in
the prevention and treatment of various groups of diseases has been established.
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MamnrbicTay 00JbICBIHBIH (MIOpacbIHAarbl ROsaceae
TYKBIMACBIHBIH NEPCNEeKTHBAJIBI JIPIIIK eciMAIKTepiH i31ey

Ka3zakcraHHbIH OHIpJepiHAeri A9pUTiK eCIMAIKTep/l 3epTTey ASPiTiK MIMKI3AaTThIH JKaHA KO3JCpPiH i3Aey YLIiH
aca MaHbI3/bl. MaHFbIcTay OOJBICH ASPUTIK OCIMIIKTEP/iH dJieyeTi MEH LIMKI3aT pecypcTapbl TYPFBICHIHAH
Kasakcranzna ey a3 3eprreireH aiimak. Ocbl 3epTTey aschiHga Rosaceae TyKbIMIACHIHBIH OKLUIACPIH JOpiiK
MakcaTTa KOJJ[aHy oJieyeTiH Oaranay OOHMBIHINA 3epTTey JKYprizinmi. MaHFbICTay OOJBICHIHBIH ayMarbIHIA

220 Fundamental and Experimental Biology. 2026, 31, 2(122)


https://doi.org/10.1186/s13020-016-0166-7
https://doi.org/10.1016/j.jhydrol.2017.03.006
https://powo.science.kew.org/
https://doi.org/10.29296/25877313-%202024-08-01
https://doi.org/10.14258/jcprm.201602784

Search for promising medicinal...

ceri3 TYKbIMIAcKa kataThlH R0OSACEae TYKbIMAACHIHBIH OH €Ki Typi aHbBIKTaJgbl. AHBIKTAIFaH eMip CYpy
¢dopmanapeina aramrtap (4), Oyramap (6), Oipxbuiabiktap (1) xoHe kernkbuiabikTap (1) KaTaspl.
DKONOTHAIIBIK TYPFBLIAaH Typiep Mezodurrepre (7), kcepomesodpurrepre (4) xoHe kcepodurrepre (1); cy6-
cTpart Typi GolibHIIa onap ncammodurrepre (1), merpodurrepre (3), murodurrepre (4) xoHe rITUKOPUTTEP-
re (4) xaTKpBbULABL. OCHI TYKBIMAAC OKUINEPIHIH Taparybl MBIHAAAH TypJe JKiKTelemi: KeH TapalraH — 2,
CHpEK Ke3zieceTiH — 1, eTe cupek keszeceTiH — 6 TakcoH. byt xkarmaiiiel Tapuxu cebentep MeH OHipIiH
KIMMATTHIK epeKIIeikTepiMeH Tycinaipyre 6omaasl. bapibik 12 TakCOHIBI OPTYPIl aypy TONTApBIH AJIbIH
aly JKOHEe eMJiey MakcaThlHOa MEAWLMHANAa KOJIaHy dyeyeTi aHbIKTanabl. OChl TYKBIMIACTBIH OapIibIK
AQHBIKTAJIFAH TYpJEPiH €Hri3y YCHIHBUIFaH, ce0ebi IMKi3aT KUHAyFa apHaIFaH TaOWFU KOPBIKTAp JKOK.
AJIBIHFaH MAJIIMETTEp OJIap/ibl MEAULMHA/IA CHII3y MEH IPAKTHKAIIBIK KOJIJaHy XKoHe napadapMaleBTHKAIBIK
eHIMZEp OHIIpy OOHBIHIIIA 9pi Kapail 3epTTeyiepli kocapiaayFra MyMKIHIIK Oepeni.

Kinm ce30ep: Rosaceae TYKbIMIACHI, TOpUTIK ©CIMIIKTep, IOy, eMipiik (opmanap, SKOTOTHSIIBIK TOITAP,
Tapalysl, MEIUIIMHAIBIK KOIIaHY dJIeyeTi.

I'.I'. 'acanoBa, H.A. Tonen, A.b. JIlykmaHoB

Ilonck mepcneKTHBHBIX JIEKAPCTBEHHBIX pacTeHUii ceMelicTBa Rosaceae
BO (p1ope MaHrucrayckoi o01acTu

W3ydenne nexkapcTBEHHBIX pacTeHMil B pernoHax KaszaxcraHa mmeeT BakHOE 3HAUCHHE [UIS TTOMCKA HOBBIX
HCTOYHUKOB JIEKAPCTBEHHOTO CHIPhsL. MaHrucTayckast 00JIacTh SBIIETCS HauMeHee H3yIeHHOW TeppUTOpHeH
B KazaxcTaHe B OTHOIIEHHH MOTEHIMANIA U CHIPbEBBIX PECYPCOB JIEKAPCTBEHHBIX pacTeHHH. B pamkax naH-
HOHM paboTH! BBINOJHEHBI UCCIEIOBAHUS 110 OLCHKE MOTEHIHala IPHMEHEHUs NpelCcTaBuTeNel cemeiicTBa
Rosaceae B MemunmHCcKuX nensx. Ha teppuropun MaHrucTayckoil 00JacTé BBISBICHO Npom3pacTanue 12
BUJIOB cemelicTBa Rosaceae u3 8 ponoB. Cpenn KU3HEHHBIX ()OPM BBISBJICHBI IepeBbs (4), KycTapHUKH (6),
Maiio- (1) u mHoronetHue (1) Tpasbl. I1o 3koI0rHMY BUABI OBUIH PaH>KMPOBAHEI HA Me30(HUTHI (7), KcepoMe3o-
¢uTs! (4) u kcepoduTsl (1), Mo oTHOMIEHUIO K TUITY cyOcTpaTta — Ha ncammoduTsl (1), merpodurst (3), nu-
todutsl (4) u rUKoQUTH (4). PacpocTpaHeHue mpencraBuUTeNe TAaHHOTO CEMEWCTBAa PAH)KHPOBAHO Cie-
IyIOIMM 00pa3oM: 00bIYHO — 2 TakcoHa, peako — 1, ouensb penko — 6. JlanHasi cutyanust 00bICHIETCS
HCTOPHIECKUMH NPUINHAMH U KIUMATHIECKUMHI OCOOEHHOCTSIMH PErHoHa. Y CTAHOBJIEH MOTEHIHAI IpHMe-
HEHUs BceX 12 TaKCOHOB B MEAMIMHCKUX LEJSIX JUIsl MPOGHIAKTHKY U JICYSHHUs Pa3IMYHBIX TPyl 3a00jeBa-
HUH. PekoMeHIyeTcss MHTPOIYKIHS BCEX BBISBICHHBIX BUIOB JAHHOTO CEMEiCTBa, Tak KaK B IIPHPOIHBIX YC-
JIOBHSX OTCYTCTBYIOT 3arachl Juisi coopa cheIpbsi. [TomydeHHbIe JaHHbIE TO3BOJISIIOT INIAHMPOBATh JAJIbHEHIINE
HCCIIE/IOBaHMS 110 BBEICHUIO B MHTPOAYKIHIO U MPAKTHIECKOMY IIPHMEHEHHIO B MEIULIMHE U IS TOTYUeHUS
napadapMareBTHIECKUX CPEACTB.

Kniouesvie crosa: cemeiictBo Rosaceae, mekapCTBEHHBIC paCTEHUsSI, KOHCIIEKT, )KU3HEHHbIE ()OPMBI, SKOJIOTH-
YeCKHe TPYIIIBI, CTETIeHb PACIPOCTPAHEHHOCTH, IIOTEHIINAT IPIMEHEHHNS B MEIIHIIIHE.
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