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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 
(Güldenstädt, 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 

https://doi.org/10.31489/2026FEB2/5-22
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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

2
 (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

2
, 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]. 
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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). 

T a b l e  1  

Ecological and cenotic characteristics of Anabasis cretacea Pall. populations. 

Location GPS coordinates The projective cover % 

AO, Khobdinsky district,  
30 km southwest of the village.  
Akyrap, Ishkargantau chalk massif 

N 50°32'13.3'',  
E 054°54'32.2''  
һ = 241 m 

40–50 

AO, Wilsky district,  
Akshatau chalk ridge,  
3 km from the village. Akshatau 

N 49°20′18.0′′,  
E054°30′ 29.7′′ 
һ = 150 m 

50–60 

AO, Wilsky district,  

Akshatau chalk ridge,  
11 km northeast of the village. Akshatau,  
towards Mukushtau mountain 

N 49°28'10.6'', 
E 054°35'40.3'' 
һ = 135 m 

40–45 

 

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 

macrоpus, Convolvulus lineatus, Sedum hybridum, and Oпosma 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 сапа, 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) 

А В 

С 
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Figure 2. Zygophyllum pinnatum (А), Nanophyton erinaceum (В), Linaria cretacea (С), 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 папа, 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 

А 
В 

С 

А В С D 
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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). 

 

 
 

 

Figure 4. А — Akshatau Cretaceous ridge, B, С — 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). 

 

 

Figure 5. Chalk Mountain Bestau (August, 2025) 

T a b l e  2  

Composition of cenoflora Anabasis cretacea Pall. 
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Life forms 

1 2 3 4 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 

А B 
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C o n t i n u a t i o n  o f  T a b l e  2  

1 2 3 4 5 6 

 CHENOPODIACEAE 

 Anabasis L. 

6 Anabasis cretacea Pall. + +  SDS 

7 Anabasis salsa (C.A. Mey.) Benth. ex Volkens  + + DS 

8 Anabasis truncata (Schrenk.) Bunge  +  SDS 

 Atriplex L. 

9 Atriplex сапа С.А. Меу. + +  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.) С. Koch. + + + S 

 PLUMBAGINACEAE 

 Goniolimon Boiss. 

15 Goniolimon elatum (Fisch. ex Spreng.) Boiss. +  + PH 

 Limonium Мill. 

16 Limonium gmelinii (Willd.) О. Kuntze + + + PH 

 BRASSICACEAE 

 Alyssum L. 

17 Alyssum lenense Adam +   SDS 

 Galitzkya L. 

18 Galitzkya spathulata (Steph.) V.Boczantzeva +   PH 

 Crambe L. 

19 Crambe tataria Sebeók. + + + 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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C o n t i n u a t i o n  o f  T a b l e  2  

1 2 3 4 5 6 

 Rosidae CRASSULACEAE 

 Sedum L. 

27 Sedum hybridum L. +   PH 

 ROSACEAE 

 Amygdalus L. 

28 Amygdalus папа 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 macrоceras C.A. Mey. +   SS 

35 Astragalus macrоpus 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 Horvátovszky + +  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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C o n t i n u a t i o n  o f  T a b l e  2  

 CONVOLVULACEAE 

 Convolvulus L. 

1 2 3 4 5 6 

48 Convolvulus fruticosus Pall. +   SS 

49 Convolvulus lineatus L. +   SS 

 BORAGINACEAE 

 Oпosma L. 

50 Oпosma 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 steppоsa 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 ritrо L. + +  PH 

70 Echinops meyeri (DC.) Iljin   + PH 
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C o n t i n u a t i o n  o f  T a b l e  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 

 Tаnаcetum L. 

75 Tаnаcetum millefоlium (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. +   PH 

 РОАСЕАЕ 

 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 

 Кл. 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 — аnnual 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. 

 

 

Figure 7. Сomparative 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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А.Б. Кожабергенова, С.А. Айпеисова, Г.М. Атаева, В. Манюкевич, М.М. Силантьева 

Ақтөбе облысындағы Anabasis cretacea Pall. реликті түрінің ценофлорасы 

Мақалада Ақтөбе облысындағы Anabasis cretacea Pall. реликті түрінің ценофлорасын (маусым-

қыркүйек, 2025) зерттеу нәтижелері келтірілген, бұл Anabasis cretacea Pall. бор таулары мен 
шыңдарына сәйкес келетіндігін растады. Қазіргі уақытта зерттеліп отырған аумақта оның табиғи 

популяциялары мен қорғау шаралары туралы мәліметтер шектеулі, бұл жүргізілген жұмыстың 
өзектілігін айқындайды. Гербарий материалдары мен далалық зерттеулерді зерттеу барысында 

бөлінген 9 ценопопуляцияны сипаттай отырып, Қобда және Ойыл аудандарында Anabasis cretacea 
Pall. популяцияларының таралу орындары анықталды. Өсімдіктер қауымдастығының құрамы, 

Anabasis cretacea Pall. популяцияларының экологиялық-ценотикалық жарамдылығы айқындалды, 
мұнда ценофлора зерттелетін популяциялар пайда болатын кальцефитті тіршілік ету ортасының 

экологиялық жағдайларын көрсетеді. Жетекші тұқымдастар — Asteraceae (16 түр), Brassicaceae  
(9 түр), Chenopodiaceae (8 түр), Scrophulariaceae (5 түр), Poaceae (4 түр). Басым тұқымдастар — 

Astragalus L. (5 түр), Anabasis L. (3 түр), Artemisia L. (3 түр). Экобиологиялық талдау шалғынды 
түрлердің аз болуымен ценофлораның шөл-дала сипатын растады. Anabasis cretacea Pall. 

ценофлорасының толық тізімі ұсынылған, мұнда 68 туысқа, 27 тұқымдасқа жататын 84 түрі 
анықталды. Осылайша Ақтөбе облысындағы Anabasis cretacea Pall. ценофлорасының қазіргі 

жағдайына баға берілді. 

Кілт сөздер: Anabasis cretacea Pall., ценопопуляция, ценофлора, өсімдіктер қауымдастығы, тіршілік 
формасы. 

https://www.plantarium.ru/lang/en/page/landscapes/point/1880.html
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А.Б. Кожабергенова, С.А. Айпеисова, Г.М. Атаева,  

В.Манюкевич, М.М. Силантьева 

Ценофлора реликтового вида Anabasiscretacea Pall.  

в Актюбинской области 

В статье представлены результаты исследования (июнь-сентябрь, 2025 г.) ценофлоры реликтового  

вида Anabasis cretacea Pall. в Актюбинской области, что подтвердило приуроченность Anabasis 

cretacea Pall. к меловым возвышенностям и чинкам. На данный момент сведения о его природных по-

пуляциях и охране на исследуемой территории остаются ограниченными, что подчёркивает актуаль-

ность проведённой работы. В ходе изучения гербарных материалов и полевых исследований опреде-

лены места распространения популяций Anabasis cretacea Pall. в Хобдинском и Уилском районах, с 

описанием выделенных 9 ценопопуляций. Определен состав растительного сообщества, эколого-

ценотическая приспособленность популяций Anabasis cretacea Pall., где ценофлора отражает экологи-

ческие условия кальцефитных местообитаний, в которых формируются исследуемые популяции. Ве-

дущими семействами являются Asteraceae (16 видов), Brassicaceae (9 видов), Chenopodiaceae (8 видов), 

Scrophulariaceae (5 видов), Poaceae (4 вида). Доминирующими родами являются Astragalus L. (5 видов), 

Anabasis L. (3 вида), Artemisia L. (3 вида). Экобиологический анализ подтвердил пустынно-степной ха-

рактер ценофлоры с незначительным участием луговых видов. Представлен полный перечень ценоф-

лоры Anabasis cretacea Pall., где выявлено 84 вида, относящихся к 68 родам и 27 семействам. Таким 

образом, дана оценка современному состоянию ценофлоры Anabasis cretacea Pall. в Актюбинской об-

ласти. 

Ключевые слова: Anabasiscretacea Pall., ценопопуляция, ценофлора, растительные сообщества, жиз-

ненная форма. 
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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, cox1, 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 c oxidase subunit I (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 ssrRNA 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 

https://doi.org/10.31489/2026FEB2/23-41
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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, Švažas & Juozaitytė-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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T a b l e  1  

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

Intermediate host Sarcocystis species 
Cyst morphology /  

wall structure 
Significance Diagnostic methods 

Cattle 
S. cruzi, S. hirsuta, 

S. hominis 

Thin-walled (S. cruzi); 

thick-walled with finger-

like protrusions (S. 

hirsuta) 

Animal pathology, 

human infection 

risk 

Histology, PCR (cox1, 18S 

rRNA), sequencing 

Sheep 
S. tenella, 

S. arieticanis 

Differences in wall thick-

ness 

Economic losses, 

reduced meat quali-

ty 

Light microscopy, PCR 

identification 

Goats 
S. capracanis, 

S. moulei 

Differences in cyst wall 

capsule 

Pathology, reduced 

productivity 

Microscopy, molecular 

markers (ITS-1) 

Pigs 
S. miescheriana, 

S. suihominis 

S. suihominis — thick-

walled cysts, zoonotic 

importance 

Human health risk 

(S. suihominis) 

Histology, PCR, 

immunohistochemistry 

Domestic birds 

(ducks, geese) 

Sarcocystis rileyi 

Stiles, 1893, 

Sarcocystis wobeseri 

Prakas, Butkauskas, 

Švažas & Juozaitytė-

Ngugu, 2014 

Ducks — multiple cysts 

in muscles (S. rileyi); 

geese — thin-walled (S. 

wobeseri) 

Mass infections in 

wild and domestic 

birds 

Morphology, PCR (cox1), 

molecular phylogeny 

Wild birds 

Sarcocystis halieti 

Prakas & 

Butkauskas, 2012, 

Sarcocystis 

columbae Blanchard, 

1885 

High morphological di-

versity, narrow host spec-

ificity 

Important role in 

biocenoses 

PCR, sequencing, marker 

comparison (18S, ITS-1) 

Humans 

(intermediate host) 

S. hominis, 

S. suihominis 

Thick-walled cysts in 

muscles 

Zoonotic hazard, 

foodborne 

infections 

Biopsy, histology, 

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 nesbitti 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. 

 

 

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 × 15 μm 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]. 

T a b l e  2  

Global distribution and prevalence of sarcocystosis in domestic and wild animals 

Host species 
Region / 

Country 
Prevalence (%) 

Dominant / 

identified species 

Notes on distribution & 

epidemiology 
References 

Cattle 

Global (21 

countries, meta-

analysis) 

62.7 % 

S. cruzi (76.4 %), 

S. hominis 

(30.2 %), 

S. hirsuta (8.7 %) 

Cosmopolitan; higher in exten-

sive systems; zoonotic rele-

vance (S. hominis) 

[6, 14] 

Cattle 
Asia (various 

countries) 
50–90 % 

S. cruzi 

predominant 

High prevalence in warm-

temperate zones; linked to 

dog–cattle cycle 

[30] 

Cattle 

Kazakhstan 

(Kostanay, 

North) 

up to 77.4 % 

(cox1 PCR) 

S. cruzi, 

S. bovifelis, 

S. dehongensis 

Molecular confirmation; high 

carcass infection rate 
[31, 32] 

Sheep China 33.85 % 
S. tenella, 

S. arieticanis 

Associated with production 

losses 
[33] 

Sheep 
Kazakhstan 

(East) 

~18 % 

(macrocysts) 
Sarcocystis spp. 

Macroscopic cysts; need for 

monitoring 
[34] 

Pigs 
Europe, Asia, 

Americas 
15–45 % 

S. miescheriana, 

S. suihominis 

Influenced by management 

system 
[35] 

Horses 
Europe, Central 

Asia 

>50 % (regional 

data) 
Sarcocystis spp. 

Muscle alterations; meat in-

spection relevance 
[36] 

Waterfowl 

(Anseriformes) 
North America 

Variable; local 

outbreaks 
S. rileyi 

Mass epizootics; linked to mi-

gratory flyways 
[14] 

Waterfowl 
Northern 

Europe 
Local epizootics S. rileyi 

Expanding range; climate-

linked spread 
[14] 

Passerines & 

raptors 
Europe, Asia 

Not population-

based; multiple 

species 

>40 avian spp. 

High host specificity; molecu-

lar identification expanding 

diversity 

[23, 25] 
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C o n t i n u a t i o n  o f  T a b l e  2  

Host species 
Region / 

Country 
Prevalence (%) 

Dominant / 

identified species 

Notes on distribution & 

epidemiology 
References 

Game fauna (wild 

mammals) 
Lithuania 

8 species 

identified 

S. albifronsi, 

S. wobeseri, 

S. anasi, S. cornixi, 

others 

First European record of S. 

rileyi in wildlife 
[14, 37, 38] 

Sika deer Japan 7 species 

S. japonica, 

S. matsuoae, 

S. gjerdei, 

S. pilosa, S. ovalis 

High diversity; molecular 

taxonomy 
[39] 

Farmed sika deer Lithuania 5 species 

S. frondea, 

S. nipponi + 3 

known spp. 

Demonstrates spillover be-

tween wild and farmed sys-

tems 

[40] 

Deer (general) Europe, Asia ≥9 spp. Multiple 

Indicator of wildlife biodiver-

sity and molecular detection 

capacity 

[41] 

Humans 

Europe, Asia, 

Americas, Afri-

ca (sporadic 

reports world-

wide) 

Intestinal form: 

usually low 

(<10 % in sur-

veyed popula-

tions); Muscular 

form: rare (<100 

documented 

cases world-

wide) 

S. hominis, 

S. suihominis 

Occurs globally; intestinal 

infection acquired through 

consumption of raw or under-

cooked beef or pork; often 

asymptomatic or mild gastroin-

testinal symptoms; muscular 

sarcocystosis reported mainly 

in Southeast Asia and travel-

ers; zoonotic significance 

[42, 43] 

 

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. Сlinical 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 

lymphohistiocytic 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. 

T a b l e  3  

Comparison of sensitivity and specificity of diagnostic methods for sarcocystosis 

Method Sensitivity Specificity Limitations 

Macroscopy Low for microcysts Moderate 
Does not detect microscopic 

cysts 

Microscopy Moderate Moderate 
Depends on operator 

experience 

Histology Moderate–high Moderate Not always species-specific 

ELISA 
High relative to visual 

methods 
Moderate Antibodies may persist 

IFAT High Moderate 
Requires a fluorescence 

microscope 

PCR High High Requires specific primers 

PCR–RFLP High Very high Requires restriction enzymes 

LAMP Very high High 
Relatively new method, re-

quires standardization 

NGS Very high Very high 
Expensive; 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 биоалуантүрлілігін және олардың экожүйелердегі  

рөлін зерттеудің заманауи бағыттары 

Шолуда Sarcocystis туысына жататын паразиттердің биоалуантүрлілігі және олардың экожүйелер, ве-

теринария және қоғамдық денсаулық үшін маңызы туралы заманауи деректер жинақталған. Саркоци-

стоздар айқын ветеринариялық және зооноздық мәні бар аурулар ретінде қарастырылады, өйткені 

олар ауыл шаруашылығы жануарларының өнімділігінің төмендеуіне, ет өнімдерінің сапасының на-

шарлауына әкеледі және адамда патологиялық өзгерістер туындатуы мүмкін. Туыс өкілдерінің 

таксономиялық және географиялық әртүрлілігі, аралық және түпкілікті иелерінің ерекшеліктері, сон-

дай-ақ паразиттің айналымына экологиялық факторлардың әсері туралы мәліметтер талданды. 

Sarcocystis-тің нақты түрлік алуантүрлілігі морфологиялық тұрғыдан сипатталған формалар санынан 

едәуір жоғары екені атап өтілді, бұл молекулалық-генетикалық сәйкестендіру әдістерінің белсенді 

енгізілуімен байланысты. Заманауи диагностикалық тәсілдер қарастырылды, оның ішінде 

морфологиялық және гистологиялық зерттеулер, сондай-ақ 18S рРНҚ, cox1 және ITS-1 маркерлерін 

қолданатын молекулалық әдістер, олар таксономиялық шекараларды нақтылауға, криптикалық 

түрлерді анықтауға және филогенетикалық байланыстарды талдауға мүмкіндік береді. 

Диагностиканың дәлдігін арттыру, мониторингті жетілдіру және профилактикалық шараларды әзірлеу 

үшін классикалық паразитологиялық және молекулалық әдістерді біріктірудің қажеттілігі атап 

көрсетілді. Паразитологияны, эпизоотологияны, экологияны және молекулалық биологияны 

біріктіретін пәнаралық тәсілдің орындылығы туралы қорытынды жасалды, бұл паразит пен иесінің 

эволюциялық өзара қатынастарын тереңірек түсінуге мүмкіндік береді және зооноздық саркоцистозды 

тиімді бақылау мен алдын алудың ғылыми негізін қалыптастырады. 

Кілт сөздер: Sarcocystis, биоалуантүрлілік, экология, паразиттер, морфология, молекулалық иденти-

фикация, зооноздар, биоиндикаторлар. 

 

К.У. Сулейманова, А.Г. Жабыкпаева, M. Шаркунас, Б.К. Балабаев, Б.Ж. Кубекова 

Современные исследования биоразнообразия Sarcocystis  

и их роли в экосистемах 

В обзоре обобщены современные данные о биоразнообразии паразитов рода Sarcocystis и их значении 

для экосистем, ветеринарии и общественного здоровья. Саркoцистозы рассматриваются как заболева-

ния с выраженной ветеринарной и зоонозной значимостью, поскольку они приводят к снижению про-

дуктивности сельскохозяйственных животных, ухудшению качества мясной продукции и могут вызы-

вать патологические изменения у человека. Проанализированы сведения о таксономическом и геогра-

фическом разнообразии представителей рода, специфике промежуточных и окончательных хозяев, а 

также о влиянии экологических факторов на циркуляцию паразита. Отмечено, что реальное видовое 

разнообразие Sarcocystis существенно превышает число морфологически описанных форм, что связа-

но с активным внедрением молекулярно-генетических методов идентификации. Рассмотрены совре-

менные диагностические подходы, включающие морфологические и гистологические исследования, а 

также молекулярные методы с использованием маркеров 18S рРНК, cox1 и ITS-1, позволяющих уточ-

нять таксономические границы, выявлять криптические виды и анализировать филогенетические свя-

зи. Подчёркнута необходимость интеграции классических паразитологических и молекулярных мето-
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дов для повышения точности диагностики, совершенствования мониторинга и разработки профилак-

тических мероприятий. Сделан вывод о целесообразности междисциплинарного подхода, объеди-

няющего паразитологию, эпизоотологию, экологию и молекулярную биологию, что обеспечивает бо-

лее глубокое понимание эволюционных взаимоотношений паразита и хозяина, а также формирует на-

учную основу для эффективного контроля и профилактики зоонозного саркоцистоза. 

Ключевые слова: Sarcocystis, биоразнообразие, экология, паразиты, морфология, молекулярная иден-

тификация, зоонозы, биоиндикаторы. 
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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 

(Tüyеzhapyraq 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 35×50 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:HCl (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, 

anthraquinones, 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, Bornträger’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 (λ=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 (λ = 760 nm, mg GAE/g DW). Anthraquinones 

were quantified using the modified Bornträger 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 Šidák’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 (Cl) 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. 

T a b l e  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 (Cl) 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 

Zinc (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 Cl. 
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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 %). 

T a b l e  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 

group 

Budding period 

(mean±SD) 

Flowering period 

(mean±SD) 

Fruiting period 

(mean±SD) 

Dormant period 

(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 3.82±0.19 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 1.72±0.09 1.83±0.09 1.94±0.11 2.11±0.10 

Triterpenoids 4.16±0.21 4.39±0.22 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 2.32±0.12 2.27±0.11 2.20±0.11 

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

 

Statistical analysis using Šídák’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 %). 
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T a b l e  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 

group 

Budding period 

(mean±SD) 

Flowering period 

(mean±SD) 

Fruiting period 

(mean±SD) 

Dormant period 

(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 1.08±0.05 1.03±0.05 0.99±0.05 0.94±0.05 

Organic acids 0.24±0.02 0.22±0.02 0.21±0.02 0.19±0.02 

Polysaccharides 1.39±0.07 1.45±0.07 1.58±0.08 1.74±0.08 

Triterpenoids 3.25±0.16 3.42±0.17 3.57±0.18 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 Šídák’s multiple comparisons test. 

 

Statistical analysis using Šídák’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 Šídák’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 CO₂, 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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З.С. Қорғанбаева, Р.К. Пернебекова, А.А. Киргизбаева, Э.К. Бекмурзаева 

Rheum tataricum фитохимиялық және элементтік сипаттамасы 

Мақалада Қазақстанның Алматы облысында жиналған Rheum tataricum L. фитохимиялық және 

элементтік, сонымен қатар оның құрамдас құрамын қайталама метаболиттердің әлеуетті көзі ретінде 

сипаттау мақсатында зерттеу ұсынылған. Элементтік талдау жапырақтарда кальций, магний, фосфор, 

күкірт және мырыштың жоғары деңгейде жинақталуын анықтады, ал сабақтарда рубидий мөлшерінің 

жоғарырақ болуы және калий, натрий мен хлордың салыстырмалы деңгейлері байқалды. Сандық 

фитохимиялық скрининг вегетациялық кезеңдерде антрахинондар, флавоноидтар, таниндер, 

тритерпеноидтар және фенол қышқылдарын қоса алғанда, метаболиттердің негізгі топтарының жалпы 

тұрақты жинақталуын көрсетті, негізінен көмірсулар мен таниндер үшін маусымдық өзгергіштік 

байқалды. Сабақтар таниндер мен тритерпеноидтардың жоғары мөлшерімен сипатталса, 

жапырақтарда фенол қышқылдары мен микроэлементтердің жинақталуы басым болды. Анықталған 

органға тән және кезеңге тәуелді заңдылықтар жартылай шөлейт экожүйелер жағдайына экологиялық 

бейімделуді көрсетеді және R. tataricum өсімдігіндегі екіншілік метаболизмнің күрделі реттелуін 

айқындайды. Алынған нәтижелер бұл түрдің фитохимиялық байлығын көрсеткенімен, оның 

биологиялық және фармакологиялық белсенділігін осы деректер негізінде бағалау мүмкін емес және 

оны растау үшін арнайы биологиялық сынақтар жүргізу қажет. 

Кілт сөздер: Rheum tataricum, фитохимиялық талдау, элементтік құрам, екіншілік метаболиттер, 

Алматы облысы. 

 

З.С. Қорғанбаева, Р.К. Пернебекова, А.А. Киргизбаева, Э.К. Бекмурзаева 

Фитохимическая и элементная характеристика Rheum tataricum 

В настоящем исследовании представлена фитохимическая и элементная характеристика Rheum 

tataricum L., собранного в Алматинской области Казахстана, с целью описания его компонентного со-

става как потенциального источника вторичных метаболитов. Элементный анализ выявил высокое со-

держание кальция, магния, фосфора, серы и цинка в листьях, тогда как стебли характеризовались бо-

лее высоким содержанием рубидия и сопоставимыми уровнями калия, натрия и хлора. Количествен-

ный фитохимический скрининг показал в целом стабильное накопление основных групп метаболитов, 
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включая антрахиноны, флавоноиды, танины, тритерпеноиды и фенольные кислоты, на протяжении 

вегетационных стадий, при этом заметная сезонная вариабельность наблюдалась преимущественно 

для углеводов и танинов. Стебли отличались более высоким содержанием танинов и тритерпеноидов, 

тогда как листья накапливали повышенные уровни фенольных кислот и микроэлементов. Выявленные 

органоспецифические и фазозависимые закономерности отражают экологическую адаптацию к усло-

виям полупустынных экосистем и указывают на сложную регуляцию вторичного метаболизма у 

R. tataricum. Полученные результаты свидетельствуют о фитохимическом богатстве данного вида; од-

нако его биологическая и фармакологическая активность не может быть оценена на основании пред-

ставленных данных и требует подтверждения в специализированных биологических тестах. 

Ключевые слова: Rheum tataricum, фитохимический анализ, элементный состав, вторичные метаболи-

ты, Алматинская область. 
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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, 

https://doi.org/10.31489/2026FEB2/52-64
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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 µm. 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 ×100–×400. 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 μm). 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 ISO 

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. 
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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 μm), 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]. 

 

 

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 

T a b l e  1  

Anatomical characteristics of the leaf (µm) 

Indicator Average 
Standard 

deviation 
Minimum 25 % Median 75 % Maximum 

Leaf blade thickness 

(TLP) 
476,55 19,79 447,10 461,91 473,53 491,94 511,65 

Thickness of the upper 

epidermis (TVE) 
22,66 2,08 20,20 21,09 22,59 23,27 27,23 

Thickness of the lower 

epidermis (TLE) 
24,12 2,78 19,81 21,76 24,93 26,45 27,40 

Thickness of the palisade 

mesophyll (TPM) 
194,62 23,18 164,61 170,48 201,67 208,62 227,34 

Thickness of the spongy 

mesophyll (TGM) 
126,49 18,09 94,66 114,33 128,26 135,23 153,77 

Diameter of the main vas-

cular bundle (DVB) 
244,43 16,49 215,25 239,08 246,94 255,49 264,93 

 

A thickened upper epidermis (up to 27 µm) 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 µm), 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 µm) 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 µm) 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 µm) 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. 

T a b l e  2  

Anatomical parameters of the stem (µm) 

Indicator Average 
Standard 

deviation 
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 

parenchyma cells (DPC) 
43,25 5,42 36,07 38,83 43,56 47,92 51,35 

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 

(DPCe) 
39,61 7,50 29,57 34,97 39,51 44,62 53,12 
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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 

 

 

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). 

 

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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Ж.К. Алемсейтова, А.Б. Мырзагалиева, А.Б. Кусмангазинов, Г.Ә. Әлімтай,  

С.А. Ирсалиев, А.Е. Оразов 

Sibiraea altaiensis (L.) Schneid. өсімдігінің Шығыс Қазақстан  

жағдайындағы экологиялық-анатомиялық ерекшеліктері мен бейімделуі 

Sibiraea altaiensis (L.) Schneid. өсімдіктері қарқынды күн радиациясының, температураның күрт 

ауытқуының, төмен ылғалдылықты және топырақтың әсерін нашар сезінетін Шығыс Қазақстанның 

биік таулы экожүйелеріне тән түр. Бұл зерттеуде Катонқарағай ұлттық паркінің табиғи 

популяцияларынан S. altaiensis жапырақтары мен сабақтарына кешенді экологиялық-анатомиялық 

талдау жасалды. Анатомиялық параметрлер классикалық микротехникалық әдістерді, морфометрияны 

және статистиканы қолдана отырып зерттелген. S. altaiensis жапырағы ксеро- және ороморфты 

белгілердің айқын кешенін көрсетеді. Жапырақ тақтасының қалыңдығы тұрақты, қабығы жақсы 

дамыған, эпидермисі гипостоматты және бірнеше типті. Дорсивентральды мезофилл қалың палисадты 

қабатымен және орташа өзгермелі борпылдақ қабатымен сипатталып, бұл жоғары инсоляция мен 

шектеулі ылғал жағдайына бейімделгенін көрсетеді. Өткізгіш шоқтар склеренхимамен нығайтылған, 

бұл қатты желдерге механикалық төзімділікті арттырады. Сабағы жақсы дамыған ксилемамен, 

өткізгіш элементтердің тұрақты өлшемдерімен және қалың перидерма қабатымен ерекшеленеді, бұл 

құрылым су транспортының тиімді жүйесін қалыптастырады. Корреляциялық талдау негізгі 

анатомиялық параметрлердің дәйектілігін көрсетті, олар: жапырақ қалыңдығы, мезофилл құрылымы, 

өткізгіш сәулелердің мөлшері және ксилеманың дамуы. Тіршілік ету ортасының топырағы аздап 

қышқыл, минералдануы төмен-мезофилл мен өткізгіш тіндердің орташа икемділігіне сәйкес келеді. 

Осылайша S. altaiensis қазақстандық Алтайдың биік тауларының экстремалды жағдайларында өмір 

сүруді қамтамасыз ететін анатомиялық-морфологиялық бейімделулердің бірегей кешеніне ие. 

Алынған мәліметтер Орталық Азиядағы Rosaceae тұқымдасының өкілдерінің бейімделу эволюциясын 

тереңірек түсінуге мүмкіндік береді және таксономиялық әрі табиғат қорғау зерттеулері үшін 

маңызды.  

Кілт сөздер: Sibiraea altaiensis, жапырақ анатомиясы, сабақ анатомиясы, биіктаулы бейімделулер, 

экологиялық-анатомиялық талдау, Шығыс Қазақстан, Катонқарағай. 

 

Ж.К. Алемсейтова, А.Б. Мырзагалиева, А.Б. Кусмангазинов, Г.Ә. Әлімтай,  

С.А. Ирсалиев, А.Е. Оразов 

Эколого-анатомические особенности строения и адаптаций  

Sibiraea altaiensis (L.) Schneid. в условиях Восточного Казахстана 

Sibiraea altaiensis (L.) Schneid. — характерный вид высокогорных экосистем Восточного Казахстана, 

где растения испытывают воздействие интенсивной солнечной радиации, резких температурных ко-

лебаний, низкой влажности и бедных почв. В данном исследовании выполнен комплексный эколого-

анатомический анализ листьев и стеблей S. altaiensis из природных популяций Катон-Карагайского 

национального парка. Анатомические параметры изучены с использованием классических микротех-

нических методик, морфометрии и статистики. Лист S. altaiensis демонстрирует выраженный ком-

плекс ксеро- и ороморфных признаков. Листовая пластинка имеет стабильную толщину, хорошо раз-

витую кутикулу, гипостоматический эпидермис. Дорсивентральный мезофилл характеризуется утол-

щённым палисадным слоем и умеренно вариабельным губчатым слоем, что отражает адаптацию к вы-

сокой инсоляции и ограниченной влаге. Проводящие пучки усилены склеренхимой, обеспечивая ме-

ханическую устойчивость при сильных ветрах. Стебель отличается развитой ксилемой, стабильными 

размерами сосудистых элементов и толстой перидермой, формирующими эффективную систему вод-

ного транспорта. Корреляционный анализ показал согласованность основных анатомических пара-

метров — толщины листа, структуры мезофилла, размеров проводящих пучков и развития ксилемы. 

Почвы местообитаний — слабокислые, с низкой минерализацией — соответствуют умеренной пла-

стичности мезофилла и проводящих тканей. Таким образом, S. altaiensis обладает уникальным ком-

плексом анатомо-морфологических адаптаций, обеспечивающих выживание в экстремальных услови-

ях высокогорий Казахстанского Алтая. Полученные данные углубляют понимание адаптивной эво-

люции представителей Rosaceae Центральной Азии и важны для дальнейших таксономических и при-

родоохранных исследований. 

Ключевые слова: Sibiraea altaiensis, анатомия листа, анатомия стебля, высокогорные адаптации, эко-

лого-анатомический анализ, Восточный Казахстан, Катон-Карагай. 
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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-

https://doi.org/10.31489/2026FEB2/65-78
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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). 

 

 

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.I. 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-

5 

https://www.gbif.org/
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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. 

 

 

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. 

T a b l e  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 9.4 

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 

Plantaginaceae Juss. 7 2.8 

Polygonaceae Juss. 6 2.4 

 

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 vulgaris 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 Jacq., 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 
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been noted that in disturbed areas, the presence of native woody flora ensures natural succession processes 

during the restoration of anthropogenic ecosystems. 

 

 

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. 

 

                     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). 

 

 

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.I. 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). 

 

 

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., Veronica spicata L., 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). 

 

 

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–cenotic 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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А.А. Винокуров, О.А. Ануфриева 

Шығыс Қазақстан облысындағы өнеркәсіптік кәсіпорындардың  

техногендік бұзылған аумақтарындағы флораның қазіргі жағдайы  

және экологиялық бағасы 

Мақалада Шығыс Қазақстан облысындағы (ШҚО) өнеркәсіптік кәсіпорындардың техногендік 

аумақтарындағы флораны зерттеу нәтижелері келтірілген, бұзылған аумақтардағы техногендік әсерге 

ұшыраған флораның қазіргі жағдайына экологиялық бағалау негізінде баға берілген. Зерттеу 

жұмысының мақсаты — Шығыс Қазақстан облысындағы түсті металлургия саласындағы жеті 

жетекші кәсіпорында жүргізілген түрлік құрамды және популяциялардың экологиялық құрылымын 

талдау негізінде техногендік аумақтардағы флораның қазіргі жағдайы мен экологиялық 

ерекшеліктерін бағалау. Зерттеу нысаны — өнеркәсіптік кәсіпорындардың техногендік бұзылған 

аумақтарының флорасы. Жұмыс флористикалық және экологиялық-ценотикалық талдау әдістерін 

қолдана отырып жүргізілген далалық ботаникалық сипаттамалар негізінде орындалды. Өнеркәсіптік 

флораның түрлік құрамының ерекшеліктері анықталды. Ол 53 тұқымдас пен 171 туысқа жататын ағаш 

және шөптесін өсімдіктердің 253 түрінен тұрады. Негізгі үш жетекші тұқымдас айқындалды: 

Asteraceae Bercht. & J.Presl — 41 түр (16,1 %), Poaceae Barnhart — 24 түр (9,4 %) және Rosaceae Juss. 

— 23 түр (9,0 %). Бұл тұқымдастар Голарктиканың бореальды–қоңыржай флорасына тән. Жұмыста 

өсімдіктердің қоршаған орта жағдайларына бейімделуіне және техногендік флораның қайта қалпына 

келу ерекшеліктеріне экологиялық-морфологиялық баға берілген. Сонымен қатар фитоценоздарға 

экологиялық сипаттама жасалып, түрлердің экологиялық-ценотикалық топтар бойынша таралуы 

талданды, техногендік аумақтар флорасына ботаникалық-географиялық талдау жүргізілді. Алынған 

мәліметтер техногендік әсер жағдайында өсімдік жамылғысының қалыптасу заңдылықтары туралы 

түсінікті кеңейтіп, техногендік флораның қазіргі жағдайын сипаттауға мүмкіндік береді. 

Кілт сөздер: флора, экожүйе, фитоценоз, популяция, қауымдастық, түр, өсімдіктер, техногендік 

бұзылған аумақтар, экологиялық бағалау, сукцессия. 

 

А.А. Винокуров, О.А. Ануфриева 

Современное состояние и экологическая оценка флоры  

техногенно нарушенных территориях промышленных предприятий  

Восточно-Казахстанской области 

В статье приводятся результаты исследования флоры на техногенных территориях промышленных 

предприятий Восточно-Казахстанской области (ВКО), дана оценка современного состояния техноген-

но нарушенной флоры на нарушенных территориях на основе экологической оценки. Цель работы — 

дать оценку современному состоянию и экологическим особенностям флоры на техногенных терри-

ториях на основе анализа видового состава и экологической структуры популяций на семи ведущих 

предприятиях цветной металлургии Восточно-Казахстанской области. Объект исследования — флора 

техногенно нарушенных территорий промышленных предприятий. Работа выполнена на основе поле-

вых ботанических описаний с использованием методов флористического и эколого–ценотического 

анализа. Установлены особенности видового состава промышленной флоры, насчитывающей 253 ви-

да древесных и травянистых растений из 171 рода, относящихся к 53 семействам. Выделены 3 веду-

щих семейства: Asteraceae Bercht. & J. Presl — 41 вид (16,1 %), Poaceae Barnhart — 24 вида (9,4 %) и 

Rosaceae Juss. — 23 вида (9,0 %), которые характерны для бореально–умеренной флоры Голарктики. 

В работе представлена эколого–морфологическая оценка адаптации растений к условиям среды и 

особенностям возобновления техногенных флор. Дана экологическая характеристика фитоценозов, 

проанализировано распределение видов по эколого–ценотическим группам, проведен ботанико–

географический анализ флоры техногенных территорий. Полученные сведения расширяют представ-

ления о закономерностях формирования растительности в условиях техногенного воздействия и дают 

представление о современном состоянии техногенной флоры. 

Ключевые слова: флора, экосистема, фитоценоз, популяция, сообщества, вид, растения, техногенно 

нарушенные территории, экологическая оценка, сукцессия. 
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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 (2800–3500 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], “Illustrated 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  

et al. [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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T a b l e  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 Zämelis, 

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. 

A. atrosanguineum,  

A. hymenorhizum, 

A. fedtschenkoanum,  

A. filifolium, 

A. polyphyllum, 

A. schoenoprasoides  

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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C o n t i n u a t i o n  o f  T a b l e  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 

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 dactólon (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.  

A. barsczewskii, 

A. caeruleum, 

A. karataviense, 

A. suworowii, 

A. caesium, 

A. fetisowii 

Savannoid steppes 800–1200 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]  

A. barsczewskii 

A. caeruleum 

A. caesium, 

A. caricifolium 

A. fetisowii, 

A. karataviense, 

A. margaritae, 

A. sativum, 

A. suworowii, 

A. trachyscordum 

 

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. 

T a b l e  2  

Altitudinal confinement of species of the genus Allium L identified in 2024-2025  
in the surveyed gorges of the Kyrgyz Alatau 

Species 

Gorges / altitude, m asl 
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Allium 

atrosanguineum  
  3390 2520       2667    

A. barsczewskii   1387      1182      1100 

A. caeruleum   
1200 

1387 
  1391  1100     

1270 

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 

A. filifolium  
2431 

2440 
             

A. karataviense   
1200 

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              

A. suworowii         
1182 

1070 
   1270   

A. talassicum     1808           

A. trachyscordum       
1050 

1069 
 

1123 

 
    

1083 

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.) Zämelis, 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 (Dactуlis glomerata, Elymus repens, Bromus inermis), projective coverage of 

onion (A. cаesium, A. cаeruleum) 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. Illar. & 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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Н.Г. Гемеджиева, Л.А. Димеева, Д.Ш. Абдилданов, Н.В. Фризен 

Қырғыз Алатау жотасының солтүстік макробеткейінде Allium L.  

туыс түрлерінің қатысуымен қауымдастықтардың биіктігі мен 

фитоценотикалық әртүрлілігі 

Қырғыз Алатауы Солтүстік Тянь-Шанның ең батыс жотасы. Теңіз деңгейінен биіктігі 3700 м дейін 

жотаның солтүстік макробеткейінің батыс бөлігі Қазақстан шегінде орналасқан. Бұл таулы ел Батыс 

Тянь-Шань өсімдіктерімен байланысы бар «қырғыз белдеу түрімен» ерекшеленеді. Гербарий және 

экспедициялық үлгілер анықтаған Allium L. тұқымдас түрлерінің нақтыланған тізіміне 25 таксон 

кіреді, олардың ішінде A. suworowii сирек кездесетін түрі және 2 субэндемик (A. margaritae, 

A. trachyscordum) бар. 2024–2025 жылдар ішінде Қырғыз Алатауы жотасының солтүстік 

макробеткейінің 14 шатқалында анықталған Allium L. тұқымдасының 19 түрі өсетін жерлердің 

фитоценотикалық және биіктік сәйкестігін талдау, олардың тауларда таралуы саванноидті және 

шалғынды далалар белдеуінен басталатынын, аршалы белдеумен жалғасатынын көрсетті, сирек 

ормандар, субальпілік шалғындар мен жатаған бұталар, алпі белдеуімен аяқталады. Ең көп 

фитоценотикалық әртүрлілік пияз түрлерінің негізгі әртүрлілігі шоғырланған тау аралық шатқалдар 

мен өзен алқаптарында қалыптасады. Жотаның батыс төмен таулы және орта таулы бөлігіндегі: 

Сөгеті, Мақпал, Үлкен Алмалы, Тастамбек, Ұзынбұлақ шатқалдары, сондай-ақ шығысында 

орналасқан Қарақыстақ шатқалында пияздың 5-тен 6-ға дейін түрі кездеседі. Далалық зерттеулердің 

нәтижелері бойынша зерттелетін жотаның солтүстік макробеткейінде анықталған Allium L. 

тұқымдасының 19 жабайы түрінің орналасу картасы жасалды. 

Кілт сөздер: Allium L. тұқымдасы, биіктік тектестігі, фитоценотикалық әртүрлілік, Қырғыз Алатауы 

жотасы. 

 

Н.Г. Гемеджиева, Л.А. Димеева, Д.Ш. Абдилданов, Н.В. Фризен 

Высотная приуроченность и фитоценотическое разнообразие сообществ  

с участием видов рода Allium L. на северном макросклоне  

хребта Киргизский Алатау 

Киргизский Алатау является самым западным хребтом Северного Тянь-Шаня. Западная часть север-

ного макросклона хребта с абсолютными высотами до 3700 м над ур. м. расположена в пределах Ка-

захстана. Для этой горной страны выделяется «киргизский тип поясности», в котором проявляется 

связь с растительностью Западного Тянь-Шаня. После определения гербарных и экспедиционных об-

разцов уточненный список видов рода Allium L. включает 25 таксонов, в числе которых редкий вид 

A. suworowii и 2 субэндемика (A. margaritae, A. trachyscordum). Анализ фитоценотической и высотной 

приуроченности местообитаний 19 видов рода Allium L., выявленных в течение 2024-2025 гг. в 14 

ущельях северного макросклона хребта Киргизский Алатау, показал, что их распространение в горах 

начинается с подпоясов саванноидных и луговых степей, продолжается поясом арчовых редколесий, 

субальпийских лугов и стлаников, завершаясь альпийским поясом. Наибольшее фитоценотическое 

разнообразие формируется в межгорных ущельях и долинах рек, где сосредоточено основное разно-

https://powo.science.kew.org/
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образие видов лука. Видовым разнообразием луков характеризуются ущелья западной низкогорной и 

среднегорной части хребта: Согеты, Макпал, Улькен Алмалы, Тастамбек, Узынбулак, а также распо-

ложенное восточнее ущелье Каракыстак, в которых встречаются от 5 до 6 видов лука. По результатам 

полевых исследований создана карта местонахождений 19 выявленных дикорастущих видов рода  

Allium L. на северном макросклоне изучаемого хребта. 

Ключевые слова: род Allium L., высотная приуроченность, фитоценотическое разнообразие, хребет 

Киргизский Алатау. 
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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 III), 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 

https://doi.org/10.31489/2026FEB2/91-104
mailto:a.belkozhayev@satbayev.university


A.M. Belkozhayev, B.D. Kossalbayev et al. 

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

genes in the nucleus, resulting in the formation of primary pri-miRNAs; these transcripts are sequentially 

processed by the DICER-LIKE1 (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 mRNA 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. 

 

 

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_Os08g39890.1 and LOC_Os09g31438.1), 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 miRNA — 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 mRNA 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. 

T a b l e  1  

Predicted miRNA target gene pairs involved in plant cell wall formation  

and cellulose biosynthesis in O. Sativa based on TarDB analysis 

№ miRNA Target transcript Gene function References 

1 miR156 family 
LOC_Os08g39890.1 SPL transcription factor  

(secondary cell wall regulation) 
[22] 

LOC_Os09g31438.1 

2 miR164 family LOC_Os06g46270.1 
NAC transcription factor, regulation of cell wall 

formation and plant development 
[23] 

3 miR171 family 
LOC_Os02g44360.1 GRAS family transcription factor, regulation of 

plant growth and cell differentiation  
[24] 

LOC_Os06g01620.1 

4 miR172 family 
LOC_Os06g43220.1 

AP2-like transcription factor [25,26] 
LOC_Os05g03040.1 

5 miR397 family 
LOC_Os01g62490.1 Laccase, a cell wall associated enzyme involved in 

lignin metabolism 
[27] 

LOC_Os01g63200.1 

6 miR394 family LOC_Os01g69940.1 F-box protein (auxin signaling) [28] 

7 miR395 family LOC_Os03g53230.1 ATP sulfurylase/sulfate metabolism regulator [29] 

8 miR414 LOC_Os11g37990.1 Regulatory protein (stress-responsive, rice-specific) [30] 

9 miR319 family LOC_Os03g57190.1 
TCP transcription factor  

(growth and cell wall regulation) 
[31, 32] 

10 miR408-3p LOC_Os01g03530.1 
Blue copper protein / oxidative stress and cell wall 

metabolism 
[33] 

11 miR169 family LOC_Os10g26470.1 
NF-YA (Nuclear Factor Y, subunit A) 

drought/stress and development regulator 
[34] 
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C o n t i n u a t i o n  o f  T a b l e  1  

№ miRNA Target transcript Gene function References 

12 miR530 LOC_Os01g56780.1 
Receptor-like regulatory protein  

(plant development and stress regulation) 
[35] 

13 miR393 family LOC_Os01g53280.1 
TIR1/AFB auxin receptor pathway  

(auxin signaling) 
[36] 

14 miR396 family 

LOC_Os01g53610.1 

GRF transcription factors  

(growth, leaf development; cell proliferation)  
[37] 

LOC_Os06g10310 

LOC_Os02g53690.1 

LOC_Os04g51190.1/.2/.3 

LOC_Os02g47280.1/.2 

LOC_Os06g02560.1/.2/.3 

LOC_Os03g51970.1 

LOC_Os03g47140.1 

LOC_Os12g29980.1/.2 

LOC_Os02g45570.1/.2 

LOC_Os04g48510.1 

15 miR167 family LOC_Os04g57610.3 
ARF (Auxin Response Factor) auxin-mediated de-

velopment 
[38] 

16 miR399e LOC_Os11g03700.1 
PHO2/UBC24-related phosphate homeostasis  

(Pi starvation response)  
[39] 

17 miR166 family LOC_Os02g45380.1 
HD-ZIP III transcription factors  

(vascular/cell wall patterning) 
[40] 

18 miR162a LOC_Os03g01090.1 DCL1 (miRNA biogenesis regulator) [41] 

19 miR164 family LOC_Os02g36880.2 

NAC transcription factors  

(involved in plant development and stress respons-

es; occasionally associated with cell wall–related 

regulatory networks) 

[42] 

20 miR528-5p family 
LOC_Os12g36620.1 Redox- and copper-dependent enzymes operating 

within cell wall–associated enzymatic networks 
[43, 44] 

LOC_Os03g03724.2 

 
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 
miRNAs. 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-

http://www.biosequencing.cn/TarDB/mir/osa-miR399e.php
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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. 

Тhe 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,  
osa-miR156b-5p, osa-miR156c-5p, osa-miR156d, osa-miR156e, osa-miR156f-5p, osa-miR156g-5p,  
osa-miR156h-5p, osa-miR156i, osa-miR156j-5p, osa-miR156k, and osa-miR156l-5p, all of which were 
predicted to target the LOC_Os08g39890.1 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. 

T a b l e  2  

Schemes of miR156 family binding sites in the LOC_Os08g39890.1 SPL mRNA involved  

in cell wall formation in O. sativa 

miRNA; tarHunter score; total mispair; seed mispair 

miR156c-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156f-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156i; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156g-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156d; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156l-5p; 2.5; 3; 0. 
5' UGUGCUCUCUCUCUUCUGUCA 3' 

|o||||| |||||||||||| 

3' AUACGAGUGAGAGAAGACAGC 5' 

miR156h-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156j-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156b-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156a; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156e; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156k; 0; 0; 0. 
5' UGUGCUCUCUCUCUUCUGUCA 3' 

||||||||||||||||||||| 

3' ACACGAGAGAGAGAAGACAGU 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. 
 

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, 
osa-miR156b-5p, osa-miR156c-5p, osa-miR156d, osa-miR156e, osa-miR156f-5p, osa-miR156g-5p,  
osa-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., osa-miR156l-5p), whereas osa-miR156k 
showed no confident interaction (TarHunter score = 0) (Fig. 2). 
 

 

Figure 2. Localization of a shared miR156 family binding region within the LOC_Os08g39890.1 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_Os08g39890.1, LOC_Os09g31438.1 was also identified as a conserved target of 
the miR156 family based on TarDB predictions. Multiple miR156 isoforms, including osa-miR156d,  
osa-miR156f-5p, osa-miR156i, osa-miR156l-5p, osa-miR156h-5p, osa-miR156e, osa-miR156j-5p,  
osa-miR156a, osa-miR156c-5p, osa-miR156b-5p, osa-miR156g-5p and osa-miR156k were predicted to bind 
to a shared target region within the LOC_Os09g31438.1 transcript (Table 3). 

T a b l e  3  

Schemes of miR156 family binding sites in the LOC_Os09g31438.1 SPL mRNA  

involved in cell wall formation in O. sativa 

miRNA; tarHunter score; total mispair; seed mispair 

miR156d; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156f-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156i; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156l-5p; 2,5; 3; 0. 
5' UGUGCUCUCUCUCUUCUGUCA 3' 

|o||||| |||||||||||| 

3' AUACGAGUGAGAGAAGACAGC 5' 

miR156h-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156e; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156j-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156a; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156c-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156b-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156g-5p; 1; 1; 0. 
5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

miR156k; 0; 0; 0. 
5' UGUGCUCUCUCUCUUCUGUCA 3' 

||||||||||||||||||||| 

3' ACACGAGAGAGAGAAGACAGU 5' 
Note. mRNA sequences are shown in green, miRNAs in blue; vertical bars indicate ca-

nonical base pairing, and “o” denotes a G: U wobble interaction. 
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A conserved target region 5′-GUGCUCUCUCUCUUCUGUCA-3′ was identified within the 

LOC_Os09g31438.1 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-miR156c-5p, osa-miR156d, osa-

miR156e, osa-miR156f-5p, osa-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-miR156l-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). Тhese results demonstrate that LOC_Os09g31438.1 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. 

 

 

Figure 3. The miR156 family binding site in the LOC_Os09g31438.1 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, miR156c-5p, miR156b-5p, and miR156g-5p.  

The position of the shifted overlapping binding site for miR156l-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_T01, 

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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T a b l e  4  

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

Species miRNA Target 

transcript 

Pairing Tar 

Hunter 

Score 

Total 

mispair 

Seed 

mispair 

Z. mays miR156a-5p GRMZM2G 

126018_T02 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G4605

44_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G3075

88_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G1609

17_T03 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G3710

33_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G4651

65_T01 

5' GUGGUCGCUCUCCUCUGUCA 3' 

||| ||o||||| ||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

3.5 3 0 

AC233751.1_FG

T002 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM5G8068

33_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G1015

11_T02 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G0529

21_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G0654

51_T01 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G4148

05_T07 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G0224

89_T01 

5' GUGCUCACCCUCUAUCUGUCA 3' 

|||||||| |||| ||||||| 

3' CACGAGUGAGAGA-AGACAGU 5' 

4 2 1 

GRMZM2G0224

89_T01 

5' GUGCUCACUUCUCUCUCUGUCA 3' 

|||||||| ||||| ||||||| 

3' CACGAGUG-AGAGA-AGACAGU 5' 

3 2 1 

GRMZM2G5515

65_T01 

5' GUGCUCACUCUCUUCUGUCA 3' 

|||||||||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

0 0 0 

GRMZM2G0676

24_T02 

5' AUGCUCUCUCUCUUCUGUCA 3' 

||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

2 2 0 

GRMZM2G1137

79_T01 

5' AUGCUCUCUCUCUUCUGUCA 3' 

||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

2 2 0 

GRMZM2G1067

98_T02 

5' GUGCUCUCUCUCUUCUGUCA 3' 

|||||| ||||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

1 1 0 

GRMZM2G1464

46_T02 

5' GCCGUCGUUCUCUUCUGUCA 3' 

| ||oo|||||||||||| 

3' CACGAGUGAGAGAAGACAGU 5' 

4 5 0 

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. Белкожаев, Б.Д. Қосалбаев, Н. Ғизатуллина, Г. Төлеутай 

In silico әдістерімен Oryza sativa өсімдігінде жасуша қабырғасының  

түзілуі мен целлюлоза биосинтезіне қатысатын SPL гендерінің  

miR156 арқылы посттранскрипциялық реттелуін талдау 

Өсімдік жасуша қабырғасының түзілуі мен целлюлоза биосинтезі өсімдіктің өсуін, механикалық 

беріктігін және биомассаның сапасын анықтайтын негізгі үдерістер. Күріш (Oryza sativa) жүгеріден 

кейінгі әлемдегі екінші маңызды дақыл толық секвенирленген және жақсы аннотацияланған геномы 

бар үлгілік жүйе ретінде кеңінен қолданылады. Бұл зерттеуде Oryza sativa (O. sativa) өсімдігінде жа-

суша қабырғасының түзілуі мен целлюлоза биосинтезіне қатысатын гендердің микроРНҚ (miRNA) 

арқылы посттранскрипциялық реттелуін зерттеу үшін in silico әдісі қолданылды. miRBase, TarDB 

және NCBI сияқты ашық дерекқорларды пайдалана отырып, miRNA таргет ген өзара әрекеттесулері 

жүйелі түрде болжанып, өсімдік жасуша қабырғасының құрылымдық, ферментативтік және 

сигналдық компоненттерімен байланысты реттеуші желілер қайта құрылды. Нәтижесінде 

транскрипциялық факторларды (SPL, NAC, GRAS, AP2, TCP және HD-ZIP III), жасуша қабырғасына 

қатысты ферменттерді (лакказалар, редокс- және мысқа тәуелді ақуыздар) және гормонға жауап 

беретін реттегіштерді қамтитын, жоғары сенімді 20 miRNA таргет ген жұбы анықталды. miR156 SPL 

реттеуші модулі екінші реттік жасуша қабырғасының түзілуі мен целлюлоза микрофибриллаларының 

ұйымдасуын бақылайтын орталық әрі эволюциялық тұрғыда консервацияланған түйін ретінде 

айқындалды. Қосымша реттеуші деңгейлерге miR164 NAC, miR397 лакказа, miR408/miR528 арқылы 

жүретін редокс жолдары, сондай-ақ ауксинге байланысты miRNA желілері кірді. Алынған нәтижелер 

күріште целлюлоза биосинтезі мен жасуша қабырғасының түзілуі күрделі, көпдеңгейлі miRNA-

тәуелді реттеуші жүйелермен басқарылатынын көрсетеді. Бұл тұжырымдар болашақта эксперименттік 

валидация жүргізуге және ауыл шаруашылық биомассасын тиімді пайдалану мен целлюлоза 

негізіндегі орнықты материалдарды жетілдіруге бағытталған биотехнологиялық стратегияларды 

әзірлеуге теориялық негіз қалайды. 

Кілт сөздер: Oryza sativa, miRNA, жасуша қабырғасының түзілуі, целлюлоза биосинтезі,  

in silico талдау. 

 

A.M. Белкожаев, Б.Д. Косалбаев, Н. Ғизатуллина, Г. Толеутай 

In silico анализ посттранскрипционной регуляции генов SPL,  

участвующих в формировании клеточной стенки и биосинтезе целлюлозы, 

опосредованной miR156, у Oryza sativa 

Формирование клеточной стенки растений и биосинтез целлюлозы являются ключевыми процессами, 

определяющими рост растений, их механическую прочность и качество биомассы. Рис (Oryza sativa), 

вторая по значимости сельскохозяйственная культура в мире после кукурузы, широко используется 

как модельная система благодаря полностью секвенированному и хорошо аннотированному геному. В 

данном исследовании применён in silico метод для изучения посттранскрипционной регуляции генов, 

участвующих в формировании клеточной стенки и биосинтезе целлюлозы у Oryza sativa (O. sativa), 

опосредованной микроРНК (miRNA). С использованием открытых баз данных miRBase, TarDB и 

NCBI были систематически предсказаны взаимодействия miRNA с таргетными генами и реконструи-

рованы регуляторные сети, связанные со структурными, ферментативными и сигнальными компонен-

тами клеточной стенки растений. В результате идентифицировано 20 высокодостоверных пар 

miRNA–таргетных генов, включающих транскрипционные факторы (SPL, NAC, GRAS, AP2, TCP и 

HD-ZIP III), ферменты, связанные с клеточной стенкой (лакказы, редокс- и медь-зависимые белки), а 

также гормон-чувствительные регуляторы. Регуляторный модуль miR156-SPL был выявлен как цен-

тральный и эволюционно консервативный узел, контролирующий формирование вторичной клеточ-

ной стенки и организацию микрофибрилл целлюлозы. Дополнительные уровни регуляции включали 

взаимодействия miR164-NAC, miR397-лакказа, редокс-пути, опосредованные miR408/miR528, а также 

miRNA-сети, связанные с ауксиновым сигналингом. Полученные результаты демонстрируют, что 

https://doi.org/10.1186/s12870-025-07219-w
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биосинтез целлюлозы и формирование клеточной стенки у риса контролируются сложными много-

уровневыми miRNA-опосредованными регуляторными системами. Эти выводы создают теоретиче-

скую основу для последующей экспериментальной валидации и разработки биотехнологических стра-

тегий, направленных на эффективное использование сельскохозяйственной биомассы и совершенст-

вование устойчивых материалов на основе целлюлозы. 

Ключевые слова: Oryza sativa, miRNA, формирование клеточной стенки, биосинтез целлюлозы,  

in silico анализ. 
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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.I. 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). 

T a b l e  1  

Herbarium data of the Allium kujukense species 

Species Number of documented records Herbarium fund/electronic databases 

Allium kujukense 

12 AA 

19 MW 

11 LE 

1 IPBB 

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, 

3 July 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.I. 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]. 

T a b l e  2  

Chronological analysis of A. kujukense collections 

Period Data source 
Main herbarium authors / 

observers 
Data characteristics 

1922 

Herbarium collections Drobov V.P., Popov M.G., 

Vvedensky A.I. 

Material for the description of a new 

species for science; the first 

documented data; 

1920s–1930s 

Herbarium collections 

(AA, MW) 

Mokeeva E.A., 

Lipshits S.Yu., 

Pavlov N.V. 

Formation of a basic understanding 

of the area 

1950s-1970s 

Herbarium collections 

(AA, MW, LE) 

Vvedensky A.I., 

Kovalevskaya S.S., 

Goloskokov V.P., 

Kamelin R.V., et al. 

Peak of field survey; maximum 

number of collections, clarification 

of distribution, morphology and 

ecology 

1970s-1980s 

Herbarium collections 

(AA, MW) 

Kamelin R.V.; Mikhailova T.A., 

Meshcheryakova A.P.,  

Safronova I.N., Solovyov V.I.; 

Myrzakulov P.M.; Baytenov M.S. 

Confirmation of species persistence 

in known locations 

1990s 
Herbarium collections 

(AA) 

Japarova N.K.; Ivashchenko A.A., 

Samoilova V.A.; 

The latest herbarium data from the 

end of the 20th century 

2009 
Electronic databases 

(Plantarium) 

Belousov E.M. [44] Finds in the Karatau Mountains: 

eastern macroslope, Berkara tract 

2012 
Electronic databases 

(Plantarium) 

Kolbintsev V.G. [45] Finds in the Berkara tract 

2015 
IPBB collection collected by: G.B. Sakauova 

identified by: A.A. Ivaschenko 

Finds in Karatau, Kazanbulak tract, 

Kobylandy-Sai gorge 

2016 

Electronic databases 

(Plantarium) 

Grebenjuk A.V. [46] Finds in the central part of the 

Syrdarya Karatau ridge: 

southwestern macroslope, Biresik 

River valley (middle reaches), left 

side of the gorge 
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Period Data source 
Main herbarium authors / 

observers 
Data characteristics 

2018 

Electronic databases 

(Plantarium) 

Kolbintsev V.G. [47] Finds in the Syrdarya Karatau, 

Ulkunburultau Mountains, about 

900 m above sea level, rocky slope 

with southern exposure 

2018 

Electronic databases 

(GBIF / iNaturalist) 

EbelA.L. et. al. [41] Discovery of a small population in 

the Boraldai River valley (≈800 m 

above sea level) 

2019 

Electronic databases 

(GBIF/iNaturalistand 

Plantarium) 

EpiktetovV.G. [42, 43] Modern finds within the Karatau 

ridge: Sayasu gorge, dry rocky slope 

 

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

Table 3. 

T a b l e  3  

List of herbarium records of Allium kujukense arranged by collection date 

Collection 

date 
Region Label data 

Collectors /  

Identifiers 

Herbarium 

fund 

03.07.1923 
Syrdarya Karatau 

(Karatau) 

Kan-Sai Gorge 
E.A. Mokeeva LE 

04.07.1923 

Syrdarya Karatau 

(Karatau) 

Syrdarya Province, Karatau Mountains, 

scree slopes of the Kur-Kuz spur, along 

the Min-Dzhilke route 

E.A. Mokeeva MW 

27.05.1930 

Syrdarya Karatau Turkestan District, foothills of Karatau, 

clayey steppe beyond the village of 

Karnak 

S. Yu. Lipschits MW 

19.05.1930 
Syrdarya Karatau 

(Karatau) 

Bayaldyr Gorge, clayey slope, lateral 

spurs of Kentyk-Sai 
S. Yu. Lipschits MW 

19.05.1930 

Syrdarya Karatau 

(Karatau) 

Turkestan District, foothills of Karatau, 

clayey slope beyond the village of 

Karnak 

S. Yu. Lipschits LE 

27.05.1930 

Syrdarya Karatau 

(Karatau) 

Turkestan District, foothills of Karatau, 

clayey steppe beyond the village of 

Karnak 

S. Yu. Lipschits MW 

27.05.1930 

Syrdarya Karatau 

(Karatau) 

Turkestan District, Karatau Mountains, 

Bayaldyr Gorge, clayey slope near a 

lateral spur of Kentyk-Sai 

S. Yu. Lipschits LE 

13.06.1931 
Syrdarya Karatau 

(Karatau) 

Karatau Mountains, gravelly slope near 

the Koynar-Kum Mountains 
N.V. Pavlov MW 

13.06.1931 
Syrdarya Karatau 

(Karatau) 

Karatau Mountains, gravelly slope near 

the Kainar-Kul locality 
N.V. Pavlov MW 

03.07.1931 
Syrdarya Karatau 

(Boraldaytau) 

Karatau Mountains, gravelly screes 

below the summit of Bukuy-Tau 
N.V. Pavlov MW 

28.06.1931 

Syrdarya Karatau 

(Boraldaytau) 

Karatau Mountains, rocky slope near 

the summit of Bugazy-Tau, 1500 m 

a.s.l. 

N.V. Pavlov MW 

13.06.1931 
Syrdarya Karatau 

(Karatau) 

Karatau Mountains, gravelly slope near 

the Koynar-Kul locality 
N.V. Pavlov LE 

03.07.1931 
Syrdarya Karatau 

(Boraldaytau) 

Gravelly slope above the summit of 

Bukey-Tau 
N.V. Pavlov LE 

21.06.1931 

Syrdarya Karatau 

(Karatau) 

Former Syrdarya District, Dzhuvaly 

District, spurs of Karatau, Chimbulak 

locality, north-facing slope toward the 

Tespe-Bulak stream 

V.S. Kornilova AA 
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C o n t i n u a t i o n  o f  T a b l e  3  

Collection 

date 
Region Label data 

Collectors /  

Identifiers 

Herbarium 

fund 

01.07.1934 
Syrdarya Karatau 

(Boraldaytau) 

Karatau Range, near the village of 

Mikhailovka, gravelly slope 
L. Chilikina MW 

13.07.1934 

Talas Alatau Syrdarya District, rocky slope of the 

Mashat Mountains opposite Tyulkubas 

Station 

N.V. Pavlov MW 

12.06.1934 
Syrdarya Karatau 

(Karatau) 

Kainar-Bastau area, lower terrace 

plateau of Kyzyl-Nayza 
G. Mikeshin MW 

14.06.1936 
Syrdarya Karatau 

(Karatau) 

Eastern Karatau (Syrdarya), Elekty-Sai 

locality, gravelly slope 
L. Chilikina MW 

31.05.1936 
Syrdarya Karatau 

(Karatau) 

Little Karatau Valley, gravelly slope 

near the Shamdy River valley 
L. Chilikina MW 

12.06.1936 

Syrdarya Karatau 

(Karatau) 

Western Tien Shan, eastern part of the 

Karatau Range, gravelly summit in the 

upper reaches of the Arbatas River 

L. Chilikina MW 

24.05.1939 
Syrdarya Karatau 

(Little Karatau) 

Karatau Mountains, gravelly slopes at 

the Kujuk Pass (3 sheets) 
N.V. Pavlov MW 

27.05.1940 

Syrdarya Karatau 

(Central Karatau) 

Zhambyl Region, Karatau Mountains, 

rocky slopes of hills at the foot of 

Mynzhylky Peak 

N.M. Kuznetsov AA 

27.06.1940 

Syrdarya Karatau 

(Central Karatau) 

Zhambyl Region, Karatau Mountains, 

rocky slopes of hills at the foot of 

Mynzhylky Peak 

N.M. Kuznetsov, 

N.V. Pavlov 
MW 

27.05.1948 
Syrdarya Karatau 

(Central Karatau) 

Zhambyl Region, rocky slope on 

Mount Ulkun-Burul 
N.V. Pavlov MW 

27.05.1948 
Syrdarya Karatau 

(Little Karatau) 

Rocky slope on the piedmont apron of 

Mount Ulken-Burul 
N.V. Pavlov AA 

28.05.1952 

Syrdarya Karatau 

(Karatau) 

Karatau Mountains, mountain ridge 

between the Birlik and Dzhengilchik 

rivers, upper slopes of the mountain, 

southeastern exposure 

N. Parfentyeva MW 

07.06.1956 

Syrdarya Karatau 

(Boraldaytau) 

Fine-earth patches on a rocky slope 

between the village of Kitaevka and the 

Boralday River 

A.I. Vvedensky, 

S.S. Kovalevskaya 
LE 

06.06.1956 
Syrdarya Karatau 

(Little Karatau) 

Kujuk Mountains, gravelly slopes 
M.S. Baitenov AA 

20.05.1963 

Syrdarya Karatau 

(Little Karatau) 

Central part of the northern slope of the 

Ulkun-Burul Mountains (west of 

Zhambyl), southern rocky slopes 

V.P. Goloskokov AA 

20.05.1963 

Syrdarya Karatau 

(Little Karatau) 

Central part of the northern slope of the 

Ulkun-Burul Mountains, west of 

Zhambyl; southern rocky slopes 

V.P. Goloskokov LE 

03.07.1973 
Syrdarya Karatau 

(Little Karatau) 

Eastern part of Almalysai Gorge 

(Biylikol Basin), gravelly slope 
R.V. Kamelin LE 

07.08.1973 
Syrdarya Karatau 

(Central Karatau) 

Central massif of the Syrdarya Karatau, 

ridge above the settlement of Achisai 
R.V. Kamelin LE 

05.07.1974 
Syrdarya Karatau 

(Central Karatau) 

Mynzhylky Massif, Rais Gorge, 

petrophytic shrub-steppe 
R.V. Kamelin LE 

10.05.1977 

Syrdarya Karatau 

(Central Karatau) 

Bayaldyr Gorge, 5 km above Bayaldyr 

Lake, in Spiraeanthus thickets 

R.V. Kamelin, 

T.A. Mikhailova, 

A.P. Mishrenkova, 

I.N. Safronova, 

V.I. Solovyov 

LE 

11.06.1981 
Syrdarya Karatau 

(Central Karatau) 

Karatau Range, Kelinchek Massif, 

meadow-steppe slopes 
M.S. Baitenov AA 

22.05.1985 
Syrdarya Karatau 

(Central Karatau) 

Central Karatau, northern macroslope, 

Kelenizek Gorge, rocky sites 
P.M. Myrzakulov AA 
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Collection 

date 
Region Label data 

Collectors /  

Identifiers 

Herbarium 

fund 

15.05.1985 
Syrdarya Karatau 

(Central Karatau) 

Central Karatau, Ikansu Gorge 
P.M. Myrzakulov AA 

17.05.1985 

Syrdarya Karatau 

(Central Karatau) 

Central Karatau, southern macroslope, 

10–12 km NW of the Achisai mine, 

vicinity of Itsanylgil, clay–gravelly 

slope 

P.M. Myrzakulov AA 

08.05.1989 
Syrdarya Karatau 

(Karatau) 

Karatau Range, Berisek Gorge, south-

facing slope 

A.A. Ivashchenko, 

V.A. Samoilova 
AA 

25.05.1993 
Syrdarya Karatau 

(Karatau) 

Syrdarya Karatau Range, Ikansu River 

Gorge, rocky east-facing slope 
N.K. Zhaparova AA 

май, 2009 
Syrdarya Karatau Karatau, eastern macroslope, Berkera 

locality 
E.M. Belousov Plantarium 

26.05.2012 Syrdarya Karatau Berkera locality V.G. Kolbintsev Plantarium 

17.06.2015 

Syrdarya Karatau 

(Central Karatau) 

Kazanbulak, Kabylandy-Sai Gorge Collected by 

G.B. Sakauova; 

identified by 

A.A. Ivashchenko 

IPBB collection 

28.05.2016 

Syrdarya Karatau Central part of the Syrdarya Karatau 

Range: southwestern macroslope, 

Biresik River valley 

A.V. Grebenyuk Plantarium 

31.05.2018 
Syrdarya Karatau Syrdarya Karatau, Ulkunburultau 

Mountains, ca. 900 m a.s.l., rocky slope 
V.G. Kolbintsev Plantarium 

23.05.2018 
Syrdarya Karatau 

(Boraldaytau) 

Turkestan Region, Baidibek District, 

Boralday River valley (≈800 m a.s.l.) 
A.L. Ebel 

GBIF / 

iNaturalist 

03.06.2019 
Syrdarya Karatau Zhambyl Region, Zhualy District, 

Sayasu Gorge, dry rocky slope 
V. Epiktetov 

GBIF / 

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). 

 

 

Figure 2. Map of the distribution of Allium kujukense in Kazakhstan 
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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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Қазақстандағы Allium kujukense Vved. эндем түрі:  

таралуы, тарихы және зерттеу перспективалары 

Мақалада гербарий материалдары мен заманауи электрондық деректер базасын зерделеу негізінде 

Оңтүстік Қазақстан тауларының сирек кездесетін палеоэндемигі күйік пиязының (Allium kujukense 

Vved.) таралуын кешенді талдау нәтижелері келтірілген. Жұмыста Қазақстан (AA) және Ресей (MW, 

LE) 43 гербарий парағын және ӨББИ жинағын, сондай-ақ Plantarium және GBIF/iNaturalist 

электрондық ресурстарынан 6 бақылауды қамтитын 49 құжатталған жазба талданды. Әртүрлі 

кезеңдердің деректерін салыстыру түрдің таралу аймағының кеңістіктік құрылымын нақтылауға және 

оның Сырдария Қаратауы жоталар жүйесіне (Боралдайтауды қоса алғанда) және Батыс Тянь-

Шаньның мозаикалық және географиялық тұрғыдан шектеулі таралу аймағын құрайтын бірқатар 

жақын маңдағы шағын тау жоталарымен шектелгенін растауға мүмкіндік берді. Ұсынылған 

материалдар осы түрдің таралуы бойынша арнайы зерттеулер және оны қорғау шараларын жүргізудің 

маңыздылығын негіздейді. 

Кілт сөздер: Allium kujukense, Қазақстан, Сырдария Қаратауы, гербарий деректері, электрондық 

дерекқорлар, таралуы. 
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Эндемичный вид Allium kujukense Vved. в Казахстане:  

распространение, история и перспективы изучения 

В статье представлены результаты комплексного анализа распространения лука куюкского (Allium 

kujukense Vved.), редкого палеоэндемика гор Южного Казахстана, на основе изучения гербарных ма-

териалов и современных электронных баз данных. В работе проанализированы 49 документирован-

ных записей, включающих 43 гербарных листа из фондов Казахстана (AA) и России (MW, LE) и кол-

лекции ИББР, а также 6 наблюдений из электронных ресурсов Plantarium и GBIF/iNaturalist. Сопос-

тавление данных различных периодов позволило уточнить пространственную структуру ареала вида и 

подтвердить его приуроченность к системе хребта Сырдарьинский Каратау (включая Боралдайтау) и 

ряду близлежащих небольших горных массивов Западного Тянь-Шаня, формирующих мозаичный и 

географически ограниченный ареал. Представленные материалы обосновывают важность проведения 

специальных исследований по распространению и оценке целесообразности мер по охране данного 

вида. 

Ключевые слова: Allium kujukense, Казахстан, Сырдарьинский Каратау, гербарные данные, электрон-

ные базы данных, распространение. 
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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 III). 

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, aqueous-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 (LD₅₀) 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 20–40 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. 

T a b l e  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. 

T a b l e  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) 

Total protein, g/L 
♂ 63.6 ± 2.1 56.14 ± 0.3 45.6 ± 3.0 47.6 ± 0.7 

♀ 61.5 ± 1.8 59.3 ± 0.8 56.72 ± 0.8 49.2 ± 0.5 

Urea, mmol/L 
♂ 12.2 ± 0.9 13.7 ± 1.0 14.5 ± 0.7 15.6 ± 0.6 

♀ 11.7 ± 0.2 16.3 ± 2.7 16.7 ± 0.6 14.5 ± 0.8 
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C o n t i n u a t i o n  o f  T a b l e  2  

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

Glucose, mmol/L 
♂ 9.5 ± 0.24 10.6 ± 0.18 9.54 ± 0.5 10.2 ± 0.2 

♀ 9.54 ± 0.41 8.43 ± 2.7 9.87 ± 0.63 9.34 ± 0.28 

Total bilirubin, 

mmol/L 

♂ 5.46 ± 0.012 4.6 ± 0.61 5.94 ± 0.08 6.01 ± 0.02 

♀ 5.68 ± 0.14 5.17 ± 0.25 6.13 ± 0.02 5.96 ± 0.02 

AST, mmol/L·s 
♂ 43.74 ± 0.08 40.3 ± 0.06 42.1 ± 0.3 44.21 ± 0.3 

♀ 42.5 ± 0.61 40.9 ± 1.7 43.2 ± 0.5 46.1 ± 0.7 

ALT, mmol/L·s 
♂ 47.35 ± 0.02 42.0 ± 0.03 45.1 ± 0.05 49.2 ± 0.1 

♀ 42.54 ± 0.06 43.8 ± 0.02 44.4 ± 0.03 47.3 ± 0.5 

Creatinine, mmol/L 
♂ 170.24 ± 0.1 169.0 ± 0.8 167.2 ± 0.5 162.3 ± 0.2 

♀ 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. 

T a b l e  3  

Results of the cytotoxicity study 

Sample 
Concentration 

(mg/ml) 

Number of larvae 

(Control:  

survived/dead) 

Number of larvae 

(Sample:  

survived/dead) 

Mortality (%) 
Neurotoxicity 

(%) 

Paclitaxel-Teva 

10 22 / 1 0 / 22 96 0 

5 22 / 1 1 / 25 92 0 

1 22 / 1 9 / 18 63 0 

LV-EtAc 

10 22 / 1 26 / 1 0 0 

5 22 / 1 23 / 0 0 0 

1 22 / 1 21 / 1 0 0 

LV-Chl 

10 22 / 1 25 / 1 0 0 

5 22 / 1 22 / 0 0 0 

1 22 / 1 23 / 0 0 0 

LV-U70 

10 22 / 1 22 / 1 0 0 

5 22 / 1 22 / 0 0 0 

1 22 / 1 24 / 1 0 0 

LV-96 

10 22 / 1 26 / 1 0 0 

5 22 / 1 27 / 0 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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Linaria vulgaris Mill. өсімдігінің әртүрлі сығындыларының цитоуыттылық  

және жіті уыттылық модельдерінде қауіпсіздігін бағалау 

Жұмыста Қарағанды облысы Бұқар жырау ауданының (Қазақстан Республикасы) дала учаскелерінде 

гүлдену кезеңінде жиналған Linaria vulgaris Mill. жерүсті бөлігі сығындыларының жіті уыттылығы 

мен цитоуыттылық белсенділігін зерттеу нәтижелері келтірілген. Жіті уыттылықты зерттеу үшін 

салмағы 18-25 г ақ тұқымсыз тышқандарға 500, 1500 және 2500 мг/кг дозада бір рет асқазан ішіне 

енгізілетін 70 % этанол сығындысы қолданылды. Цитоуыттылық белсенділікті бағалау үшін этанол, 

этилацетат және хлороформды қоса алғанда, әртүрлі органикалық еріткіштерді қолдана отырып, 

мацерация және ультрадыбыстық экстракция әдістерімен алынған сығындылар сериясы 

пайдаланылды. Цитоуыттылық Artemia salina дернәсілдерінің сынағы арқылы бағаланды. 

Нәтижесінде Linaria vulgaris Mill. сығындысы іс жүзінде улы емес заттар санатына жататынын және 

уыттылығы төмен (уыттылықтың III класы) ретінде жіктелетінін көрсетті. Цитотоксикалық 

белсенділікті зерттеу барысында Linaria vulgaris Mill. сығындылары өндіру әдісіне және қолданылған 

экстрагенттерге қарамастан Artemia salina дернәсілдеріне уытты әсер етпейтіні анықталды. Осылайша 

Linaria vulgaris Mill. жерүсті бөлігінің зерттелген сығындылары төмен уыттылықпен және 

цитоуыттылық белсенділіктің болмауымен сипатталады, бұл олардың әлеуетті қауіпсіздігін және одан 

әрі биологиялық және фармакологиялық зерттеулердің болашағын көрсетеді. 

Кілт сөздер: Linaria vulgaris Mill., дәрілік өсімдік, сығынды, жіті уыттылық, цитоуыттылық. 

 

Д.К. Нуркадыров, Х.И. Итжанова, Ж.Р. Шаймерденова, Wirginia Kukula-Koch 

Оценка безопасности различных экстрактов Linaria vulgaris Mill.  

в моделях цитотоксичности и острой токсичности 

В работе представлены результаты исследования острой токсичности и цитотоксической активности 

экстрактов надземной части Linaria vulgaris Mill., собранной в фазу цветения на степных участках Бу-

хар-Жырауского района Карагандинской области (Республика Казахстан). Для исследования острой 

токсичности использовали 70 %-ный этанольный экстракт, который вводили белым беспородным 

мышам массой 18–25 г однократно внутрижелудочно в дозах 500, 1500 и 2500 мг/кг. Для оценки ци-

тотоксической активности применяли серию экстрактов, полученных методами мацерации и ультра-

звуковой экстракции с использованием различных органических растворителей, включая этанол, 

этилацетат и хлороформ. Цитотоксическую активность оценивали с использованием теста на личин-

ках Artemia salina. Полученные данные показали, что спиртовой экстракт Linaria vulgaris Mill. отно-

сится к категории практически нетоксичных веществ и классифицируется как малотоксичный (III 

класс токсичности). В ходе исследования цитотоксической активности установлено, что экстракты 

Linaria vulgaris Mill., независимо от метода получения и применённых экстрагентов, не проявляют 

токсического действия в отношении личинок Artemia salina. Таким образом, исследуемые экстракты 

надземной части Linaria vulgaris Mill. характеризуются низкой токсичностью и отсутствием цитоток-

сической активности, что указывает на их потенциальную безопасность и перспективность для даль-

нейших биологических и фармакологических исследований. 

Ключевые слова: Linaria vulgaris Mill., лекарственное растение, экстракт, острая токсичность, цито-

токсичность. 
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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 m² 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 sq. 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]. 

 

 

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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T a b l e  1  

Geographic and administrative characteristics of the site 

Russian name: Петрофитные степи Улытау с Tanacetum ulutavicum 

English name: Petrophytic Steppes of Ulytau with Tanacetum ulutavicum 

Kazakh name: Tanacetum ulutavicum өсетің Ұлытау петрoфитті далалары 

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, m a.s.l.): 508 Elevation (maximum, m a.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 IPA “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 m², 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]. 

 

   
Е1.1 Е1.2 FD.1 

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 IPA “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). 

 

  
A B 
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C D 

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) 

T a b l e  2  

Priority species (Criteria A and B) 

Taxon / criteria, 

subcriteria 

Compliance with Criterion A:  

The IPA contains … 

For compliance with  

the KBA criteria,  

the site contains … 

Importance 

/ 

Occurrence 

Taxon А В 

≥ 1 %  

global  

population 

(yes/no) 

≥ 5 % na-

tional popu-

lation 

(yes/no) 

1 of 5 

best  

national 

sites 

(yes/no) 

≥ 10 % 

global 

population 

(yes/no) 

Entire global 

population 

(yes/no) 

Socio-

economic 

importance 

(yes/no) 

Tanacetum 

ulutavicum 

A3 B

2 

Yes Yes Yes Yes No No 

 

Artemisia 

semiarida 

A4 B

2 

No No  Yes No No Yes 

 

Atraphaxis 

decipiens 

A4 B

2 

No No Yes No No No 

 

Tulipa patens - B

2 

No No No No No No 

 

Tulipa 

suaveolens 

- B

2 

No No No No No No 

 

Achillea 

millefolium 

- В

3 

No No No No No No 

 

Allium 

galanthum 

- В

3 

No No Yes No No No 

 

Artemisia 

juncea 

- В

3 

No No No No No No 

 

Cotoneaster 

melanocarpus 

- В

3 

No No No No No No 

 

Dodartia 

orientalis 

- В

3 

No No No No No No 

 

Echinops 

ritro 

- В

3 

No No No No No No 

 

Helichrysum 

arenarium 

- В

3 

No No No No No No 

 

Hypericum 

scabrum 

- В

3 

No No No No No No 

 

Juniperus 

sabina 

- В

3 

No No No No No No 



Important Plant Area… 

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 131 

C o n t i n u a t i o n  o f  T a b l e  2  

Taxon / criteria, 

subcriteria 

Compliance with Criterion A:  

The IPA contains … 

For compliance with  

the KBA criteria,  

the site contains … 

Importance 

/ 

Occurrence 

Taxon А В 

≥ 1 %  

global  

population 

(yes/no) 

≥ 5 % na-

tional 

population 

(yes/no) 

1 of 5 best  

national 

sites 

(yes/no) 

≥ 10 % 

global pop-

ulation 

(yes/no) 

Entire 

global 

population 

(yes/no) 

Socio-

economic 

importance 

(yes/no) 

Peucedanum 

morisonii 
- В3 No No No No No No 

Thymus 

pannonicus 
- В3 No No No No No No 

Ziziphora 

clinopodioides 
- В3 No No No No No No 

 

T a b l e  3  

Relationship with existing protected areas 

Protected area type Name Relationship with IPA Area overlap (%) 
State National Nature Park Ulytau Partial overlap ~80 % 

 

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 IPA “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. 

mailto:izbassarovazhanar@gmail.com
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Ж.С. Избасарова, Л.А. Димеева, А.В. Дубынин 

«Tanacetum ulutavicum өсетін Ұлытау петрофитті далалары»  

негізгі ботаникалық аумақ (Орталық Қазақстан):  

анықтау негіздемесі және қорғау жөніндегі ұсыныстар 

Ұлытау аласа таулы массивіндегі (Ұлытау облысы, Қазақстан) 2025 жылғы далалық зерттеулер 

нәтижесіне сүйене отырып, «Tanacetum ulutavicum өсетін Ұлытау петрофитті далалары» негізгі 

ботаникалық аумағын анықтау негізделді. Аумақ екі участкені қамтиды, жалпы ауданы 1372 гектар 

(557 және 815 гектар). Көпшілігі «Ұлытау» Мемлекеттік ұлттық табиғи паркінің (МҰТП) 

шекарасында орналасқан және теңіз деңгейінен 508–1140 м биіктікте тасты субстраттардағы 

петрофитті қауымдастықтардың мозаикасын қамтиды. Қорғаудың негізгі нысанасы — тас жердегі 

эндемик Tanacetum ulutavicum Tzvelev (Қазақстанның Қызыл кітабы). Ол жергілікті популяциялық 

учаскелерді 207–1200 м² көлемінде құрайды, тығыздығы 0,06–3 дана/м². Tanacetum ulutavicum Tzvelev 

өсетін өсімдік қауымдастықтары флоралық байлығымен (82 тамырлы өсімдік түрі) және бірқатар 

сирек кездесетін және аймақтық маңызды түрлерді қоса алғанда, қорғауға қатысты таксондардың 

шоғырлануымен сипатталады. Аумақтың Қазақстанға бейімделген негізгі ботаникалық аумақ кіші 

критерийлеріне сәйкестігі дәлелденді: A3 және A4 (эндемикалық және субэндемикалық түрлердің 

мекендеу ортасы), B2 және B3 (жоғары қорғалатын және әлеуметтік-экономикалық құндылығы бар 

түрлердің қауымдастықтары). Негізгі қауіптер — жайылымдық жүктеме, жердің тапталуы, 

ұйымдастырылмаған демалыс, сондай-ақ соқпақтар мен кіреберіс жолдардың жанындағы жергілікті 

субстраттың бұзылуымен байланысты. Шекараларды ГАЖ және негізгі ботаникалық аумағының 

тізілімінде тіркеу, T. ulutavicum популяциясын ұзақ мерзімді бақылау, жайылымдық және 

https://www.plantarium.ru/page/view/item/42736.html
https://kazflora.kz/catalog/?ELEMENT_ID=122858
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:252559-1
https://doi.org/10.15468/n765pf
https://doi.org/10.15468/vr777q


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

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

рекреациялық ағындарды реттеу және бағыттар бойынша ақпаратты қолдау үшін басқару және 

мониторинг шаралары ұсынылды. 

Кілт сөздер: Ұлытау, негізгі ботаникалық аумақ, петрофитті далалар, эндемикалық өсімдіктер, 

Tanacetum ulutavicum, флораны қорғау, «Ұлытау» МҰТП. 

 

Ж.С. Избасарова, Л.А. Димеева, А.В. Дубынин 

Ключевая ботаническая территория «Петрофитные степи Улытау  

с Tanacetum ulutavicum» (Центральный Казахстан):  

обоснование выделения и рекомендации по охране 

По итогам полевых исследований 2025 года в низкогорном массиве Улытау (Улытауская область,  

Казахстан) обосновано выделение ключевой ботанической территории (КБТ) «Петрофитные степи 

Улытау с Tanacetum ulutavicum». Территория включает два участка общей площадью 1372 га (557 и 

815 га), большая часть которой находится в границах Государственного национального природного 

парка (ГНПП) «Улытау», в высотном диапазоне 508–1140 м над у.м. и охватывает мозаику петрофит-

ных сообществ на каменистых субстратах. Ключевым объектом охраны является узколокальный эн-

демик Tanacetum ulutavicum Tzvelev (Красная книга Казахстана), образующий локальные популяци-

онные пятна площадью 207–1200 м² при плотности 0,06–3 экз./м². Растительные сообщества с участи-

ем пижмы улытавской характеризуются значительным флористическим богатством (82 вида сосуди-

стых растений) и концентрацией значимых для охраны таксонов, включая ряд редких и регионально 

важных видов. Для территории обосновано соответствие адаптированным для Казахстана подкрите-

риям КБТ A3 и A4 (местообитания эндемичных и субэндемичных видов), B2 и B3 (сообщества видов 

высокой природоохранной и социально-экономической ценности). Основные угрожающие факторы 

связаны с пастбищной нагрузкой, вытаптыванием и неорганизованной рекреацией, а также локальны-

ми нарушениями субстрата вблизи троп и подъездных дорог. Предложены меры по управлению и мо-

ниторингу: фиксация границ в ГИС и реестре КБТ, долговременный мониторинг популяций T. 

ulutavicum, регламентация выпаса и рекреационных потоков, информационное сопровождение на 

маршрутах. 

Ключевые слова: Улытау; ключевая ботаническая территория (КБТ/IPA); петрофитные степи; эндеми-

ки; Tanacetum ulutavicum; охрана флоры; ГНПП «Улытау». 
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Wild-Growing Species of the Genus Ribes L.  

in Central Kazakhstan: Bioecological Characteristics 

The genus Ribes L.(Grossulariaceae) comprises numerous 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; Krüger& 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. petraeumauct. 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 (Os miański&Wojdyło, 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-

lytical 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; Krüger & 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; Oszmiański & Wojdyło, 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 Wulfen) 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 35–40 °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). 

T a b l e  1  

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

Species 

Accepted  

species /  

taxonomic note 

Habitat type  

in Central  

Kazakhstan 

Typical 

microhabitats 

Altitudinal range 

(if reported) 
Main sources 

Ribes aciculare 

Pall. 

Accepted  

species 

Mountain slopes, 

forest edges, rocky 

ravines  

Shaded rocky 

slopes, moist gul-

lies, forest under-

story 

Low–mid moun-

tain belt (not con-

sistently reported) 

Flora of Kazakh-

stan (1961–1975); 

Sagdullaev & 

Ishmuratova 

(2016) 

Ribes nigrum L. 
Accepted 

species 

Riparian forests, 

moist valleys, shrub 

communities 

Riverbanks, stream 

valleys, moist for-

est margins 

Low–midmountain 

belt 

Flora of Kazakh-

stan (1961–1975); 

Sagdullaev & 

Ishmuratova 

(2016); Bai et al. 

(2025) 

Ribes saxatile  

Pall. s.l. 

Species complex 

(incl. 

R. diacantha,  

R. petr aeum 

auct. non 

Wulfen,  

R. rubrum var. 

saxatile) 

Rocky slopes, moun-

tains hrublands 

Rock crevices, 

north-facing 

slopes, screes 

Mainly 

mountainbelt 

Rehder (1940); 

Flora of Kazakh-

stan (1961–1975); 

Pikunova et al. 

(2022); Bai et al. 

(2025) 

 
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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T a b l e  2  

Bioecological traits of wild Ribes species recorded in Central Kazakhstan 
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Note. 

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. 



Wild-Growing Species of the Genus… 

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 145 

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 (Oszmiański & Wojdyło, 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; Izteleuova 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; 

Krüger & 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; Izteleuova 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 CO₂ extraction, highlight the  

relevance of seed-derived fractions for functional food and nutraceutical applications (Krüger &  

Dietrich, 2018) (Table 3) [29]. 

T a b l e  3  

Key phytochemical marker groups and analytical methods reported for Ribes  

(with relevance to Central Kazakhstan review) 

Taxon (Central  

Kazakhstan) 

Major reported 

compound classes 

Representative markers 

(examples) 

Typical analytical 

methods 

Evidence base in 

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-CO₂ for pomace 

fractions 

Strong (multiple ex-

perimental review 

sources) 

Ribes saxatile  

complex (s.l.) 

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. 



M.B. Zhanayeva, A.I. Shmakov 

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

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; Krüger & Dietrich, 

2018; Izteleuova 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; Krüger & 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 

qualitative 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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М.Б. Жанаева, А.И. Шмаков 

Орталық Қазақстанда Ribes L. тұқымдасының жабайы өсетін түрлері: 

биоэкологиялық сипаттамасы 

Ribes L. (Grossulariaceae) туысы экологиялық, тағамдық және дәрілік маңызы бар, Солтүстік жарты 

шардың қоңыржай аймақтарында кең таралған көптеген түрлерді қамтиды. Орталық Қазақстан — 

ландшафтарының алуан түрлілігімен және табиғи климаттық жағдайларының гетерогендігімен 

сипатталатын биогеографиялық тұрғыдан күрделі өңір. Алайда осы аймақта өсетін Ribes туысының 

жабайы түрлері туралы мәліметтер әлі де бытыраңқы әрі жеткілікті деңгейде жүйеленбеген. Шолудың 

мақсаты — Орталық Қазақстан аумағында таралған Ribes туысының жабайы түрлеріне, атап айтқанда 

Ribes aciculare Pall., Ribes nigrum L. және Ribes saxatile түрлік кешенінің өкілдеріне қатысты 

биоэкологиялық ерекшеліктерді, фитохимиялық құрамды және зерттеу перспективаларын 

сипаттайтын әдеби деректерді жинақтау және сыни тұрғыдан талдау. Шолу халықаралық және 

аймақтық ғылыми журналдарда жарияланған флористикалық деректерге, экологиялық зерттеулерге 

және фитохимиялық еңбектерге негізделген. Түрлердің таралуы, мекен ету ортасы, фенологиясы және 

экологиялық бейімделу ерекшеліктері туралы мәліметтер, сондай-ақ антоциандар, флавоноидтер, 

проантоцианидиндер, органикалық қышқылдар мен витаминдер сияқты биологиялық белсенді 

қосылыстардың негізгі топтары жөніндегі ақпарат жүйелендірілді. R. nigrum туысының ең жақсы 

зерттелген түрі ретінде фитохимиялық тұрғыдан кеңірек қарастырылып, басқа жабайы такcондар 

https://doi.org/10.1186/s12906-025-04780-7
https://doi.org/10.3390/plants11131623
https://doi.org/10.3390/plants14121780
https://doi.org/10.1038/s41598-025-12051-1
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бойынша деректердің шектеулі әрі үзінді сипатта екендігі атап өтілді. Сонымен қатар R. saxatile 

түрлік кешеніне байланысты таксономиялық белгісіздіктер талданып, аймақтық зерттеулерде түрлерді 

нақты ажыратудың маңыздылығы көрсетілді. Жүргізілген талдау қазіргі білімдегі елеулі 

олқылықтарды, әсіресе аймаққа тән фитохимиялық профильдер, популяциялық деңгейдегі 

экологиялық өзгергіштік және қоршаған орта факторлары мен екінші реттік метаболиттердің 

жиналуы арасындағы байланыстар жөніндегі мәліметтердің жеткіліксіздігін анықтады. Болашақ 

зерттеулердің негізгі бағыттары ретінде биоэкологиялық және фитохимиялық тәсілдерді кешенді 

қолдану, жабайы генетикалық ресурстарды сақтау және Орталық Қазақстандағы Ribes туысы түрлерін 

тұрақты пайдалану ұсынылады.  

Кілт сөздер: Ribes L., Орталық Қазақстан, биоэкология, фитохимиялық құрам, қарақат, дәрілік 

өсімдіктер, жабайы өсетін түрлер. 

 

М.Б. Жанаева, А.И. Шмаков 

Дикорастущие виды рода Ribes L. в Центральном Казахстане:  

биоэкологические характеристики 

Род Ribes L. (Grossulariaceae) включает многочисленные виды, обладающие экологической, пищевой 

и лекарственной ценностью и широко распространённые в умеренных регионах Северного полуша-

рия. Центральный Казахстан представляет собой биогеографически сложную территорию, характери-

зующуюся разнообразием ландшафтов и гетерогенностью природно-климататических условий; вме-

сте с тем сведения о дикорастущих видах рода Ribes в данном регионе остаются фрагментарными и 

недостаточно систематизированными. Цель настоящего обзора — обобщение и критическая оценка 

литературных данных, посвящённых биоэкологическим особенностям, фитохимическому составу и 

перспективам изучения дикорастущих видов Ribes, произрастающих в Центральном Казахстане, с ак-

центом на Ribes aciculare Pall., Ribes nigrum L. и представителей видового комплекса Ribes saxatile. 

Обзор основан на анализе региональных флористических источников, экологических исследований и 

фитохимических работ, опубликованных в международных и региональных научных журналах. Сис-

тематизированы данные о распространении видов, их местообитаниях, фенологии и экологических 

адаптациях, а также сведения об основных группах биологически активных соединений, включая ан-

тоцианы, флавоноиды, проантоцианидины, органические кислоты и витамины. Особое внимание уде-

лено фитохимическим исследованиям R. nigrum как наиболее изученного вида рода, при одновремен-

ном подчёркивании ограниченного и фрагментарного характера данных по другим дикорастущим 

таксонам. Кроме того, рассматриваются таксономические неопределённости, связанные с видовым 

комплексом R. saxatile, что указывает на необходимость более точной делимитации видов в регио-

нальных исследованиях. Проведённый анализ выявил существенные пробелы в современных знаниях, 

прежде всего в отношении регионально-специфических фитохимических профилей, популяционной 

экологической изменчивости и взаимосвязи факторов среды с накоплением вторичных метаболитов. 

В заключение обозначены перспективные направления дальнейших исследований, ориентированные 

на интеграцию биоэкологических и фитохимических подходов, сохранение диких генетических ре-

сурсов и устойчивое использование видов рода Ribes в Центральном Казахстане.  

Ключевые слова: Ribes L, Центральный Казахстан, биоэкология, фитохимический состав, смородина, 

лекарственные растения, дикорастущие виды. 
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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. 
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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]. 

https://doi.org/10.31489/2026FEB2/152-163
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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). 

 

 

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. 1♀ (1), 49.44994 N, 75.39511 E, manual 

collection, 11-14.VII.2025, leg. NVI, FAA; 1♀ (1), 49.44994 N, 75.39511 E, manual collection,  

11-14.VII.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.VIII.2025, leg. FDS; 2♀♀ (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. 2♀♀ (2), 49.43588 N, 75.48829 E, manual collection, 

22.VIII.2025, leg. FDS; 3♂♂, 1♀ (1), 49.43915 N, 75.38949 E, manual collection, 12.VII.2025, leg. NVI, 

FAA; 1♂, 2♀♀ (1), 49.44994 N, 75.39511 E, manual collection, 11-14VII.2025, leg. NVI, FAA. RANGE 

TYPE. Trans-Palaearctic. 

Araneus marmoreus Clerck, 1757* MATERIAL. 1♀ (1), 49.43915 N, 75.38949 E, manual collection, 

12.VII. 2025, leg. NVI, FAA. RANGE TYPE. Circum-Holarctic. 

Araniella tbilisiensis (Mcheidze, 1997)* MATERIAL. 1♀ (1), 49.44994 N, 75.39511 E, manual col-

lection, 11-14.VII. 2025, leg. NVI, FAA. RANGE TYPE. Central — Ancient Mediterranian. 

Cyclosa oculata (Walckenaer, 1802)* MATERIAL. 1♂ (2), 49.43588 N, 75.48829 E, manual collec-

tion, 22-24.VIII.2025, leg. PEV. RANGE TYPE. Trans-Eurasian. 

 

CLUBIONIDAE 

Clubiona pallidula (Clerck, 1757)* MATERIAL. 1♀ (2), 49.43319 N, 75.48624 E, birch forest, hand 

sorting, 23.VIII.2025. RANGE TYPE. Trans-Eurasian. 

 

DOLOMEDIDAE 

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

 

GNAPHOSIDAE 

Gnaphosa pilosa Savelyeva, 1972 MATERIAL. 1♀ (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. 1♀ (2), 49.43496 N, 75.48955 E, hill slope, 

pitfall-traps, 22-24.VIII.2025. RANGE TYPE. European — West Siberian. 

 

LINYPHIIDAE 

Bolyphantes alticeps (Sundevall, 1833)* MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual col-

lection, 22-24.VIII.2025, leg. PEV; 1♀ (4), 49.4291 N, 75.4782  E, manual collection, 23.VIII.2025, 

leg. FDS. RANGE TYPE. Trans-Eurasian. 

Drapetisca socialis (Sundevall, 1833)* MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual collec-

tion, 22-24.VIII.2025, leg. PEV; 1♂, 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 23.VIII.2025, leg. 
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FDS; 2♂♂, 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 23.VIII.2025, leg. KLV. RANGE TYPE. 
Trans-Eurasian. 

Erigone dentipalpis (Wider, 1834)* MATERIAL. 1♂ (2), 49.43588 N, 75.48829 E, manual collection, 

23.VIII.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.VIII.2025. RANGE TYPE. Trans — Euro Siberian. 

Helophora insignis (Blackwall, 1841)* MATERIAL. 1♂1♀ (2), 49.43319 N, 75.48624 E, birch forest, 

hand sorting, 23.VIII.2025. RANGE TYPE. Circum-Holarctic. 

Linyphia triangularis (Clerck, 1757)* MATERIAL. 1♀ (4), 49.4291 N, 75.4782 E, manual collec-

tion, 23.VIII.2025, leg. KLV; 1♀ (3), 49.3997 N, 75.3993 E, manual collection, 23.VIII.2025, leg. KLV. 

RANGE TYPE. Trans-Eurasian. 

Megalepthyphantes kronebergi (Tanasevitch, 1989) MATERIAL. 1♂ (4), 49.4291 N, 75.4782 E, 

manual collection, 23.VIII.2025, leg. KLV; 1♂ (4), 49.4291 N, 75.4782 E, manual collection, 23.VIII.2025, 

leg. FDS. RANGE TYPE. Central Asian. 

Neriene radiata (Walckenaer, 1841)* MATERIAL. 1♀ (4), 49.4291 N, 75.4782 E, manual collection, 

23.VIII.2025, leg. FDS. RANGE TYPE. Circum-Holarctic. 

Tapinocyba insecta (L.Koch, 1869)* MATERIAL. 1♀ (3), 49.4039 N, 75.40567 E, pine forest, hand 

sorting, 23.VIII.2025. RANGE TYPE. European — West Siberian. 

Trichoncoides piscator (Simon, 1884) MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual collec-

tion, 22.VIII.2025, leg. FDS. RANGE TYPE. West-Central Ancient Mediterranean. 

 

LYCOSIDAE 

Alopecosa steppica Ponomarev, 2007* MATERIAL. 4♀ (2), 49.43588 N, 75.48829 E, manual collec-

tion, 23.VIII.2025, leg. KLV. RANGE TYPE. Ancient Mediterranean (West — European Kazakhstan). 

Alopecosa taeniopus (Kulczyński, 1895)* MATERIAL. 3♂, 1♀, 4juv (2), 49.43496 N, 75.48955 E, 

hill slope, pitfall-traps, 22-24.VIII.2025. RANGE TYPE. West European — Central Ancient Mediterranean. 

Pardosa agrestis (Westring, 1861)* MATERIAL. 1♀ (2), 49.43496 N, 75.48955 E, hill slope, pitfall-

traps, 22-24.VIII.2025; 1♀ (2), 49.43319 N, 75.48624 E, aspen forest, pitfall-traps, 22-24.VIII.2025. 

RANGE TYPE. West-Eurasian. 

Pardosa lugubris (Walckenaer, 1802)* MATERIAL. 1♂, 5♀ (2), 49.43319 N, 75.48624 E, aspen for-

est, pitfall-traps, 22-24.VIII.2025; 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 23.VIII.25, leg. KLV; 

1♀ (3), 49.3997 N, 75.3993 E, 23.VIII.25, leg. KLV; 1♀ (1), 49.44994 N, 75.39511 E, manual collection, 

leg. INV, FAA. RANGE TYPE. West-Eurasian. 

Piratula hygrophila (Thorell, 1872)* MATERIAL. 1♂ (2), 49.43319 N, 75.48624 E, aspen forest, pit-

fall-traps, 22-24.VIII.2025; 1♀ (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. 1♂ (2), 49.43319 N, 75.48624 E, aspen forest, pitfall-

traps, 22-24.VIII.2025; 1♂ (2), 49.43496 N, 75.48955 E, hill slope, pitfall-traps, 22-24.VIII.2025; 1♀ (2), 

49.43588 N, 75.48829 E, manual collection, 23.VIII.2025, leg. KLV; 1♀ (1), 49.44414 N, 75.38085 E, aspen 

forest with birch and pine trees, hand sorting, 8.VI.2015, leg. SMP; 1♀, 1juv (1), 49.44476 N, 75.37503 E, 

abandoned cattle pen with ruderal vegetation, hand sorting, 10.VI.2015, leg. SMP; 1 ♀ (1), 49.44423 N, 

75.37658 E, last year's abandoned vegetable garden, ruderal vegetation, hand sorting, 11.VI.2025, leg. SMP. 

RANGE TYPE. Circum-Holarctic. 

Xerolycosa nemoralis (Westring, 1861)* MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual col-

lection, 23.VIII.2025, leg. KLV. RANGE TYPE. Trans-Eurasian. 

 

MIMETIDAE 
Mimetus laevigatus (Keyserling, 1863)* MATERIAL. 1♂ (2), 49.43588 N, 75.48829 E, manual col-

lection, 22.VIII.2025, leg. FDS. RANGE TYPE. West-Central Ancient Mediterranean. 

 

MITURGIDAE 

Zora pardalis Simon, 1878* MATERIAL. 1 sub♂ (2), 49.43588 N, 75.48829 E, manual collection,  

22-24.VIII.2025, leg. PEV. RANGE TYPE. West-Central Ancient Mediterranean. 
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PHILODROMIDAE 

Emargidromus emarginatus (Schrank, 1803)* MATERIAL. 1♀ (1), 49.44994 N, 75.39511 E, manual 

collection, 11-14.VII.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian. 

Philodromus cespitum (Walckenaer, 1802)* MATERIAL. 1♀ (1), 49.43915 N, 75.38949 E, manual 

collection, 12.VII.2025, leg. INV, FAA. RANGE TYPE. Circum-Holarctic. 

PHOLCIDAE 

Pholcus ponticus Thorell, 1875 MATERIAL. 1♂ (2), 49.43588 N, 75.48829 E, manual collection, 

22.VIII.2025, leg. FSD. RANGE TYPE. Eastern-Europe — Central Ancient Mediterranean. 

 

SALTICIDAE 

Dendryphantes rudis (Sundevall, 1833)* MATERIAL. 1♀ (3), 49.3997 N, 75.3993 E, manual collec-

tion, 23.VIII.2025, leg. KLV. RANGE TYPE. Trans — Euro-Siberian. 

Evarcha arcuata (Clerck, 1757) MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 

23.VIII.2025, leg, FDS; 1 ♂ (1), 49.44994 N, 75.39511 E, manual collection, 11-14.VII.2025, leg. INV, 

FAA. RANGE TYPE. Trans-Palaearctic. 

 

TETRAGNATHIDAE 

Metellina segmentata (Clerck, 1757)* MATERIAL. 1♀ (1), 49.45195 N, 75.38371 E, pine forest in 

the floodplain of the creek, hand sorting, 12.VII.2025, leg, SMP. RANGE TYPE. Trans-Palaearctic. 

Pachygnatha degeeri Sundevall, 1830* MATERIAL. 1♂ (2), 49.43319 N, 75.48624 E, aspen forest, 

pitfall-traps, 22-24.VIII.2025. RANGE TYPE. Trans-Palaearctic. 

Tetragnatha montana Simon, 1874* MATERIAL. 1♀ (1), 49.43915 N, 75.38949 E, manual collec-

tion, 12.VII.2025, leg. INV, FAA. RANGE TYPE. Trans-Eurasian. 

 

THERIDIIDAE 

Enoplognatha latimana Hippa & Oksala, 1982* MATERIAL. 1♀ (3), 49.39903 N, 75.39529 E, pine 

forest, hand sorting, 23.VIII.2025. RANGE TYPE. West-Palaearctic. 

Enoplognatha ovata (Clerck, 1757)* MATERIAL. 1♀ (1), 49.45195 N, 75.38371 E, pine forest in the 

floodplain of the creek, hand sorting, 12.VII.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. 1♀ (1), 49.44994 N, 75.39511 E, manual collection, 

11-14.VII.2025, leg. INV, FAA. RANGE TYPE. West-Palaearctic. 

Euryopis flavomaculata (C.L. Koch, 1836)* MATERIAL. 1 sub♂ (2), 49.43781 N, 75.49352 E, birch 

forest, hand sorting, 23.VIII.2025. RANGE TYPE. Trans-Palaearctic 

Parasteatoda tabulata (Levi, 1980)* MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 

23.VIII.2025, leg. KLV. RANGE TYPE. Cosmopolitan. 

Robertus lividus (Blackwall, 1836)* MATERIAL. 1♂ (2), 49.43319 N, 75.48624 E, aspen forest, pit-

fall-traps, 22-24.VIII.2025; 3♀ (1), 49.45195 N, 75.38371 E, pine forest in the floodplain of the creek, hand 

sorting, 12.VII.2015, leg. SMP. RANGE TYPE. Trans-Palaearctic — West-Nearctic. 

Steatoda albomaculata (De Geer, 1778) MATERIAL. 1♀ (2), 49.43588 N, 75.48829 E, manual collec-

tion, 22.VIII.2025, leg. FDS. RANGE TYPE. Circum-Holarctic. Karaganda Region, near Barshino. 

49.61666 N, 69.46666 E [19]. 

Steatoda castanea (Clerck, 1757) MATERIAL. 1♂1♀ (4), 49.4291 N, 75.4782 E, manual collection, 
23.VIII.2025, leg. KLV. RANGE TYPE. Trans-Eurasian. 

Theridion varians Hahn, 1833* MATERIAL. 3♀ (2), 49.43588 N, 75.48829 E, manual collection, 

23.VIII.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.VII.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.VIII.2025, leg PEV; 1♂ (2), 49.43588 N, 75.48829 E, manual collection, 22.VIII.2025, leg FDS;  

1♀ (2), 49.43588 N, 75.48829 E, manual collection, 23.VIII.2025, leg FDS; 1♀ (2), 49.43588 N, 75.48829 

E, manual collection, 23.VIII.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.VIII.2025. RANGE TYPE. Trans — Euro-Siberian. 

Spiracme striatipes (L.Koch, 1870) MATERIAL. 1 sub♂ (1), 49.44994 N, 75.39511 E, manual collec-

tion, 11-14.VII.2025, leg. INV, FAA; 1 sub♀ (1), 49.44476 N, 75.37503 E, abandoned cattle pen with 

ruderal vegetation, hand sorting, 10.VI.2025, leg. SMP; 1 sub♀ (1), 49.44384 N, 75.37603 E, planting poplar 

trees in the floodplain of the creek, hand sorting, 7.VI.2025, leg. SMP. RANGE TYPE. West-Central An-

cient Mediterranean. 

Xysticus cristatus (Clerck, 1757)* MATERIAL. 1♀ (1), 49.44994 N, 75.39511 E, manual collection, 

11-14.VII.2025, leg. INV, FAA. RANGE TYPE. Trans-Palaearctic. 

Xysticus viduus Kulczyński, 1898* MATERIAL. 1♂ (2), 49.43319 N, 75.48624 E, aspen forest, pit-

fall-traps, 22-24.VIII.2025; 1♀ (2), 49.43588 N, 75.48829 E, manual collection, 23.VIII.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. 
 

 

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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Е.В. Плакхина, С.Л. Есюнин, Д.С. Фетисов, Л.В. Ким, А.А. Федорова, Н.В. Иванова 

«Қарқаралы» Мемлекеттік ұлттық табиғи паркінің өрмекшілер  

фаунасы (Arachnida: Araneae) туралы алғашқы ғылыми мәліметтер:  

Орталық Қазақстан бойынша деректерді толықтыру 

Мақалада Қазақстанның Қарағанды облысында орналасқан «Қарқаралы» Мемлекеттік ұлттық табиғи 

паркі өрмекшілерінің (Araneae отряды) алуан түрлілігі жөніндегі алғашқы ғылыми деректер 

келтірілген. Далалық материал Кендара аңғарында, Шайтанкөл көлінің маңында және академик 

Е.А. Бөкетов атындағы Қарағанды ұлттық зерттеу университетінің далалық практика базасында 2025 

http://www.pogodaiklimat.ru/
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жылдың шілде–тамыз айларында сызықты тұзақтар, топырақ үлгілерін талдау және қолмен жинау 

әдістері арқылы жиналды. Барлығы 52 өрмекші түрі анықталды, олардың 40 түрі мен 5 тұқымдасы 

GBIF жаһанды биоалуантүрлілік жүйесінің деректері мен цифрландырылмаған әдеби мәліметтерге 

сәйкес Орталық Қазақстан үшін алғаш рет тіркеліп отыр. Алынған нәтижелер Орталық Қазақстандағы 

Araneae отряды өкілдерінің түр құрамына қатысты GBIF арқылы қолжетімді мәліметтерді едәуір 

толықтырды. iNaturalist қосымшасы арқылы тіркелген түрлік әртүрлілік пен дәстүрлі далалық тәсілдер 

арқылы жиналған материалдар негізіндегі мәліметтер арасында айырмашылықтар анықталды. 

Орталық Қазақстанның өрмекшілерін ауқымды далалық зерттеулердің қажеттілігі, сондай-ақ 

әдебиетте жарияланған деректерді цифрландыру және оларды GBIF порталы арқылы қолжетімді ету 

қажеттігі туралы қорытынды жасалды. 

Кілт сөздер: өрмекшілер, Орталық Қазақстан, Қарағанды облысы, GBIF, iNaturalist. 

 

Е.В. Плакхина, С.Л. Есюнин, Д.С. Фетисов, Л.В. Ким, А.А. Федорова, Н.В. Иванова 

Первые сведения о фауне пауков (Arachnida: Araneae)  

Каркаралинского государственного национального природного парка: 

расширение данных по Центральному Казахстану 

В работе представлены первые научные данные о разнообразии пауков (отряд Araneae) Каркаралин-

ского государственного национального природного парка (Казахстан, Карагандинская область).  

Полевой материал собран в долине Кендара, в окрестностях озера Шайтанколь и на базе проведения 

полевых практик Карагандинского национального исследовательского университета имени 

академика Е.А. Букетова методами линий ловушек, разбора почвенных проб и ручного сбора в июле и 

августе 2025 г. Идентифицировано 52 вида пауков; 40 видов и 5 семейств впервые приводятся для 

Центрального Казахстана согласно глобальной системе о биоразнообразии GBIF и неоцифрованным 

литературным данным. Полученные результаты существенно расширили доступные через GBIF све-

дения о видовом составе представителей отряда Araneae в Центральном Казахстане. Выявлены разли-

чия в видовом разнообразии, регистрируемом через приложение iNaturalist и на основе сборов тради-

ционными полевыми методами. Сделан вывод о необходимости масштабных полевых исследований 

пауков Центрального Казахстана, а также оцифровки и публикации через портал GBIF опубликован-

ных в литературе данных. 

Ключевые слова: пауки, Центральный Казахстан, Карагандинская область, 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 

https://doi.org/10.31489/2026FEB2/164-177
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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 QIAamp 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]. 

T a b l e  1  

Primers used for detection of West Nile virus by RT-PCR 

No. Primer name Sequence (5′→3′) Product size 

1 
1401F ACC-AAC-TAC-TGT-GGA-GTC 

445 bp 
1845R TTC-CAT-CTT-CAC-TCT-ACA-CT 

2 
1485F GCC-TTC-ATA-CAC-ACT-AAA-G 

248 bp 
1732R CCA-ATG-CTA-TCA-CAG-ACT 
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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 µL 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) TaqMan 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 3130xl (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. 

T a b l e  2  

Number of samples collected in the regions of Kazakhstan 

No. Region Birds Ticks 
Ticks 

(pools) 
Mosquitoes 

Mosquitoes 

(pools) 
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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C o n t i n u a t i o n  o f  T a b l e  2  

No. Region Birds Ticks 
Ticks 

(pools) 
Mosquitoes 

Mosquitoes 

(pools) 
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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C o n t i n u a t i o n  o f  T a b l e  2  

No. Region Birds Ticks 
Ticks 

(pools) 
Mosquitoes 

Mosquitoes 

(pools) 
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 

 

 

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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T a b l e  3  

Results of PCR testing of wild bird samples for West Nile virus 

No. Region Tested Positive % Positive 95 % CI (%) 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 

 

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). 

T a b l e  4  

Characteristics of WNV-positive bird samples by species, location, and sampling date 

Species Region District Sampling site Date 
Ecological 

group 
Result 

Tadorna tadorna Pavlodar Bayanaul Lake Shalkarkol 17.08.2024 Waterfowl Positive 

Anas platyrhynchos Pavlodar Bayanaul Lake Shalkarkol 17.08.2024 Waterfowl Positive 

Chroicocephalus 

ridibundus 
Pavlodar Bayanaul Lake Shalkarkol 17.08.2024 

Semi-

aquatic 
Positive 

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 WNV 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. 

 

Figure 3. Phylogenetic analysis of the Kazakhstan West Nile virus isolate 

Phylogenetic analysis demonstrated that the obtained E gene sequence, classified as genotype 1a, 

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 1a and revealed its closest similarity to strains circulating in the West Kazakhstan 

region of Kazakhstan and the Volgograd 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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Д.Ә. Әлібекова, З.Д. Омарова, Р.А. Рыстаева, Т.У. Аргимбаева,  

А.Б. Тулендибаев, Н.А. Әубәкір, Т.Т. Ермекбай., К.Б. Баракбаев,  
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2023–2025 жылдары Қазақстан Республикасындағы  

Батыс Ніл қызбасына мониторинг 

2023–2025 жылдары Қазақстан Республикасының 14 облысының аумағында Батыс Ніл қызбасы 

вирусының табиғи ошақтардағы айналымын бағалау мақсатында кешенді эпизоотологиялық және 

молекулалық мониторинг жүргізілді. Зерттеу жұмыстары әртүрлі табиғи-климаттық аймақтарды 

қамтып, қоздырғыштың негізгі ықтимал резервуарлары мен тасымалдаушыларын анықтауға 

бағытталды. Зерттеу объектілері ретінде жабайы қоныс аударатын және синантропты құстар, масалар, 

иксодты кенелер және жарқанаттар қарастырылды. Биологиялық материалдар табиғи биотоптарда, су 

айдындарына жақын аумақтарда және елдімекендер маңында клиникалық сау жануарлардан алынды. 

Барлығы жабайы құстардан алынған 362 үлгі, жарқанаттардан 84 үлгі, 679 кене және 1554 маса 

зерттелді. Зертханалық диагностика Батыс Ніл қызбасы вирусына спецификалық праймерлерді 

қолдана отырып, полимеразды тізбекті реакция (ПТР) әдісімен жүргізілді. Зерттеу нәтижесінде БНҚ 

вирусының РНҚ-сы тек жабайы құстардан алынған үлгілерде ғана анықталды, яғни 362 үлгінің 5-

еуінде, бұл жалпы таралу деңгейінің 1,38 %-ын құрады (95 % СА: 0,45–3,19 %). Масалардан, 

кенелерден және жарқанаттардан алынған үлгілерде вирус РНҚ-сы анықталған жоқ. Оң нәтижелер 

Павлодар және Қарағанды облыстарында тіркелді, бұл қоныс аударатын құстардың Батыс Ніл 

вирусын Қазақстан аумағына енгізудегі жетекші рөлін растайды. Алынған деректер инфекцияның 

табиғи ошақтарының қалыптасуы мен сақталу қаупін уақтылы бағалау үшін жүйелі эпизоотологиялық 

және молекулалық мониторингті жалғастырудың маңыздылығын көрсетеді. 

Кілт сөздер: мониторинг, ПТР, Батыс Ніл қызбасы, флавивирустар, жабайы құстар, масалар, кенелер, 

жарқанаттар, эпизоотологиялық мониторинг. 
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Мониторинг лихорадки западного Нила в Республике Казахстан  

в 2023–2025 гг. 

В 2023–2025 гг. на территории 14 областей Республики Казахстан проведён комплексный эпизоотоло-

гический и молекулярный мониторинг лихорадки Западного Нила (ЛЗН) с целью оценки циркуляции 

вируса в природных очагах и выявления потенциальных рисков формирования устойчивых эпидемио-

логических зон. Исследование охватывало основные предполагаемые резервуары и переносчики воз-

будителя, включая диких перелётных птиц, комаров, иксодовых клещей и летучих мышей, отобран-

ных в природных биотопах и вблизи населённых пунктов. Всего было исследовано 362 образца био-

логического материала от диких птиц, 84 образца от летучих мышей, 679 клещей и 1554 комара. Ла-

бораторную диагностику проводили методом полимеразной цепной реакции с использованием прай-

меров, специфичных к вирусу лихорадки Западного Нила. По результатам исследований РНК вируса 

ЛЗН была выявлена исключительно у диких птиц — в 5 из 362 образцов, что соответствует общей 

распространённости 1,38 % (95 % ДИ: 0,45–3,19 %). В образцах, полученных от комаров, клещей и 

летучих мышей, РНК вируса ЛЗН обнаружена не была. Положительные пробы зарегистрированы в 
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Павлодарской и Карагандинской областях, что подтверждает ведущую роль мигрирующих птиц в за-

носе вируса на территорию Казахстана. Полученные данные указывают на необходимость продолже-

ния систематического эпизоотологического и молекулярного мониторинга для своевременной оценки 

рисков формирования и поддержания природных очагов инфекции. 

Ключевые слова: мониторинг, ПЦР, лихорадка Западного Нила, флавивирусы, дикие птицы, комары, 

клещи, летучие мыши, эпизоотологический мониторинг. 
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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. 

https://doi.org/10.31489/2026FEB2/178-184
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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. 

T a b l e  1  

List of invasive plant species in the Karaganda Region 

No. Species Family 
Period of 

introduction 

Mode of 

introduction 

Degree of 

naturalization 
Occurrence 

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 

A.J. Scott 
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 

Willd. 
Asteraceae neophyte xenophyte epiphyte common 

12 Artemisia tournefortiana 

Reichenb. 
Asteraceae neophyte acolyutophyte ephemerophyte occasional 
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Period of 

introduction 

Mode of 

introduction 
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naturalization 
Occurrence 

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 

Dobrocz. 
Asteraceae neophyte xenophyte epicophyte rare 

17 Cichorium intybus L. Asteraceae neophyte ergasiophyte agriophyte common 

18 Cota tinctoria (L.) G. Gay 

subsp. tinctoria 
Asteraceae neophyte acolyutophyte epicophyte occasional 

19 Cyclachaena xanthiifolia 

(Nutt.) Fresen. 
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) 

Dunal 
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.) 

Hidalgo 
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 

(L.) Sch.Bip. 
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 

G.Gaertn., B.Mey. & Scherb. 
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.) 

Medik. 
Brassicaceae archaeophyte xenophyte agriophyte usually 

40 Hesperis matronalis L. Brassicaceae neophyte ergasiophyte ephemerophyte rare 

41 Isatis tinctoria L. Brassicaceae archaeophyte xenophyte agriophyte common 

42 Lepidium densiflorum Schrad. Brassicaceae neophyte xenophyte epiphyte occasional 

43 Rhamphospermum arvense 

(L.) Andrz. ex Besser 
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 

rare 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.) 

Torr. & A. Gray 
Cucurbitaceae neophyte ergasiophyte ephemerophyte rare 

58 Cuscuta approximata Bab. Convolvulaceae neophyte xenophyte epiphyte occasional 
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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. 

ex Rydb. 
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

e 
neophyte ergasiophyte ephemerophyte rare 

71 Clinopodium acinos (L.) 

Kuntze 
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 

Gilib. 
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 Fraxinus pennsylvanica 

Marshall 
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.) 

Gaertn. 
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.) 

Scop. 
Poaceae neophyte acolyutophyte ephemerophyte rare 

86 Echinochloa crus-galli (L.) 

P.Beauv. 
Poaceae archaeophyte xenophyte epiphyte common 

87 Elymus violaceus (Hornem.) 

J.Feilberg 
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 

Moench. 
Polygonaceae neophyte ergasiophyte ephemerophyte rare 

92 Clematis mandshurica Rupr. Ranunculaceae neophyte ergasiophyte ephemerophyte very rare 

93 Amelanchier spicata (Lam.) 

K.C. Koch 
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 × Sorbaronia fallax 

(C.K. Schneid.) C.K. Schneid. 
Rosaceae neophyte ergasiophyte colonophyte occasional 

98 Populus alba L. Salicaceae neophyte ergasiophyte agriophyte occasionally 

99 Populus × sibirica 

G.V. Krylov and 

G.V. Grigoriev ex 

A.K. Skvortsov 

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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C o n t i n u a t i o n  o f  T a b l e  1  

No. Species Family 
Period of 

introduction 

Mode of 

introduction 

Degree of 

naturalization 
Occurrence 

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 

(L.) Planch. 
Vitaceae neophyte ergasiophyte epiphyte very rare 

111 Ulmus laevis Pall. Ulmaceae neophyte ergasiophyte epephyte occasionally 

112 Ulmus 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: 

 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); 

 Xenophytes — 54 species (48.2 %), introduced accidentally via crop seeds, transportation, or other 

means (Erigeron canadensis, Bromus tectorum, Xanthium orientale); 

 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: 

 Epicofytes — 47 species (42.0 %), fully established and actively reproducing in natural habitats 

(e.g., Erigeron canadensis, Rhaponticum repens, Lepidium densiflorum). 

 Ephemerophytes — 26 species (23.2 %), which take root temporarily but do not form stable popula-

tions (Helianthus annuus, Digitaria sanguinalis). 

 Agrophytes — 27 species (24.1 %), having colonized agrocenoses and disturbed biotopes (Capsella 

bursa-pastoris, Panicum miliaceum). 

 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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А. Қали, A.С. Сайлау 

Қарағанды облысы флорасының инвазивті түрлері 

Аймақтың инвазивті флорасын зерделеу биологиялық әртүрлілікті сақтау және осы таксондардың 

одан әрі таралуының мониторингі үшін маңызды міндет. Зерттеудің мақсаты Қарағанды облысының 

тамырлы өсімдіктер флорасының инвазивті түрлерінің конспектісін жасау және олардың таралу, 

әкеліну үрдісі мен тәсілін осы аймақтағы табиғиландыру дәрежесі бойынша сипаттау. Зерттеу 

нәтижелері көрсеткендей, аймақта 91 тұқымдас пен 36 тұқымның 112 инвазивті түрі анықталған. 

Әкелу уақыты бойынша Қарағанды облысында неофиттердің 97 түрі немесе 86,6 % басым. Ең аз 

үлесті археофиттер — 15 таксон (13,4 %) алады. Енгізу тәсілі бойынша мынадай: эргасиофиттер  

(53 түр немесе 47,3 %), ксенофиттер (54 түр немесе 48,2 %), аколютофиттер (5 түр немесе 4,5 %). Жа-

ратылыстану тәсілі бойынша: эпикофиттер (47 түр немесе 42,0 %), эфемерофиттер (26 түр немесе 

23,2 %), агриофиттер (27 түр немесе 24,1 %), колонофиттер (12 түр немесе 10,7 %) бөлінді. Инвазивтік 

түрлердің таралу дәрежесі бойынша былайша бөлінеді: сирек — 34 таксон (30,35 %); жай — 44 таксон 

(39,28 %); өте сирек — 14 таксон (12,50 %); сирек — 19 таксон (16,96 %). Алынған деректер инвазивті 

түрлердің тұқымдарын енгізудің белсенді көші-қон процестерін және олардың жергілікті өсімдік 

қоғамдастықтарына біртіндеп енгізілуін көрсетеді. Көптеген таксондардың белсенді түрде табиғатқа 
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айналуы мен таралуы тұрақты мониторингті және Қарағанды облысында одан әрі таралуын тежеу 

бағдарламаларын әзірлеуді талап етеді. 

Кілт сөздер: инвазивті түрлері, Қарағанды облысының аймағы, әкелу тәсілі, таралу дәрежесі, әкелу 

уақыты, жаратылу дәрежесі. 

 

А. Қали, A.С. Сайлау 

Инвазивные виды флоры Карагандинской области 

Изучение инвазивной флоры регионов является важной задачей для сохранения биологического раз-

нообразия и мониторинга возможного дальнейшего распространения данных таксонов. Целью на-

стоящего исследования являлось составление конспекта инвазивных видов флоры сосудистых расте-

ний Карагандинской области и их характеристика по степени распространенности, степени и способу 

заноса, степени натурализации в данном регионе. Результаты исследований показали, что в регионе 

выявлены 112 инвазивных видов из 91 рода и 36 семейств. По времени заноса в Карагандинской об-

ласти преобладают неофиты — 97 видов, или 86,6 %. Меньшую долю занимают археофиты — 15 так-

сонов (13,4 %). По способу заноса выделены: эргасиофиты (53 вида, или 47,3 %), ксенофиты (54 вида, 

или 48,2 %), аколютофиты (5 видов, или 4,5 %). По способу натурализации были выделены: эпикофи-

ты (47 видов, или 42,0 %), эфемерофиты (26 видов, или 23,2 %), агриофиты (27 видов, или 24,1 %), ко-

лонофиты (12 видов, или 10,7 %). По степени распространенности ивазивные виды распределились 

следующим образом: изредка — 34 таксона (30,35 %); обычно — 44 таксона (39,28 %); очень редко — 

14 таксонов (12,50 %); редко — 19 таксонов (16,96 %). Полученные данные отражают активные ми-

грационные процессы заноса семян инвазивных видов и их постепенное включение в местные расти-

тельные сообщества. Активная натурализация и распространенность многих таксонов требует посто-

янного мониторинга и разработки программ сдерживания дальнейшего распространения в Караган-

динской области. 

Ключевые слова: инвазивные виды, Карагандинская область, способ заноса, степень распространенно-

сти, время заноса, степень натурализации. 

 

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/qali_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 

 

 

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 

© 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/) 185 

Research Article 

https://doi.org/10.31489/2026FEB2/185-191 

UDC 581.142 Received: February 05, 2026 ǀ Accepted: April 01, 2026 ǀ 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, 0–2 °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). 



Cryopreservation of Filipendula ulmaria… 

ISSN 3080-6836 (Print) ISSN 3080-6844 (Online) 187 

T a b l e  1  

Seed germination of Filipendula ulmaria under various lighting conditions 

Germination rates, % 
Germination conditions 

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). 

 

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 liq-

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 liq-

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 тұқымдық материалын криоконсервациялау 

Өсімдік тұқымдарын криоконсервациялау биоәртүрлілікті сақтауда практикалық маңызға ие. 

Зерттеудің мақсаты Filipendula ulmaria тұқымдарын криоконсервациялаудың факторларына, соның 

ішінде мұздату әдісіне, жібіту режиміне және ыдыстар түрлеріне, сонымен қатар жарыққа байланысты 

баға беру. Тұқымдық материалы Қарқаралы тауларында табиғи жағдайда жиналды. Тұқымдар криоы-

дыстарда және алюминий фольга пакеттерінде криоконсервацияланды, ал бақылау ретінде 

тоңазытқыш камерада дәстүрлі тәсілмен сақталған тұқымдар алынды. Зерттеу нәтижелері жарықта 

және қараңғыда өсу кезінде айтарлықтай дәлелді айырмашылықтардың болмауын көрсетті, бұл ашық 

топырақ пен зертханалық жағдайларда өсіруді шектемейді. Жібіту режимдерін салыстыру бөлме тем-

пературасында (20-22 °C) баяу жібітудің артықшылығын көрсетті, онда өнгіштік 75 % құрады, бұл 

бақылау мәндерінен айтарлықтай жоғары болып шықты. Мұздату режимдерін талдауда фольга 

пакеттерінде жылдам мұздату кезінде ең жоғары көрсеткіштерді анықтауға мүмкіндік берді. 

Ұсынылған тәсіл Filipendula ulmaria генофондын ұзақ мерзімді криосақтау үшін пайдаланылуы 

мүмкін. 

Кілт сөздер: Filipendula ulmaria, тұқымдық материал, криоконсервациялау, тұқымның өнгіштігі, өну 

энергиясы, мұздату-жібіту режимі. 
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E.A. Гаврилькова, С.С. Тыржанова, С.У. Тлеукенова, Р.Т. Мусина 

Криоконсервация семенного материала Filipendula ulmaria 

Криоконсервация семян растений имеет важное практическое значение для сохранения биоразнообра-

зия и их использования. Целью настоящего исследования являлась оценка факторов, определяющих 

успешность криоконсервации семян Filipendula ulmaria, включая способ замораживания, режим от-

таивания, тару и отношение к свету. Семенной материал был собран в природных условиях в горах 

Каркаралы. Семена криоконсервировали в криопробирках и в пакетах из алюминиевой фольги, кон-

тролем служили семена, хранившиеся традиционным способом в холодильной камере. Результаты по-

казали отсутствие достоверных отличий между проращиванием на свету и в темноте, что не регла-

ментирует способ проращивания в открытом грунте и лабораторных условиях. Сравнение режимов 

оттаивания выявило преимущество медленного размораживания при комнатной температуре  

(20–22°С), при котором всхожесть составила 75 %, что оказалось достоверно выше контрольных пока-

зателей. Анализ режимов замораживания позволил установить максимальные показатели при быст-

ром замораживании в пакетах из фольги. Предлагаемый подход может быть использован для долго-

срочного криохранения генофонда Filipendula ulmaria. 

Ключевые слова: Filipendula ulmaria, семенной материал, криоконсервация, всхожесть семян, энергия 

прорастания, режим замораживания — оттаивания. 
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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 16×20, 16×10, and 16×4 [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. 
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A     B 

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 μm 

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 μm 

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 μm 

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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Е.М. Сулеймен 

Қарағанды облысында (Орталық Қазақстан) өсетін Hedysarum gmelinii 

морфологиялық және анатомиялық талдау 

Дәрілік өсімдіктер шикізатының құрылымын зерттеу фармакогностикалық талдаудың бір бөлігі. 

Жұмыста шөбі мен тамыры медицина мен ветеринарияда қолдану әлеуетіне ие Hedysarum gmelinii 

перспективалы өсімдіктеріне анатомиялық-морфологиялық зерттеулер жүргізілді. Шикізат гүлдену 

фазасында жиналды, жібітілді, макро және микроскопиялық деңгейде жекелеген мүшелердің 

құрылымы сипатталды. Шикізаттың диагностикалық белгілері анықталды. Сыртқы белгілері бойынша 

келесі сипатты белгілерді бөліп көрсетуге болады: пішіні, сабағының түсі, жапырақтарының түгі, 

гүлінің пішіні және гүлдерінің түсі. Микроскопиялық деңгейде мынадай диагностикалық белгілер 

анықталған: сабақтың өткізгіш элементтерінің құрылысы, сабақтың ұсақ қырлы болуы, жапырақтың 

оқшауланған типі, сағаның типі мен орналасу ерекшеліктері, тамырдың қайталама ксилемдік 

элементтерінің нысаны мен орналасу типі. Алынған нәтижелер өсімдік шикізатының түпнұсқалығын 

растау және осы түрдегі шикізатқа нормативтік құжаттама жобасын дайындау үшін пайдаланылуы 

мүмкін. 

Кілт сөздер: Hedysarum gmelinii, морфологиялық және анатомиялық құрылымы, жерүсті және жера-

сты органдары, диагностикалық белгілері. 

 

Е.М. Сулеймен 

Морфологический и анатомический анализ Hedysarum gmelinii, 

произрастающего в Карагандинской области (Центральный Казахстан) 

Изучение строения сырья лекарственных растений является частью фармакогностического анализа.  

В нашей работе выполнены анатомо-морфлогические исследования перспективного растения 

Hedysarum gmelinii, трава и корни которого имеют потенциал применения в медицине и ветеринарии. 

Сырье собирали в фазе цветения, размачивали, описывали строение отдельных органов на макро- и 

микроскопическом уровне. Определены диагностические признаки сырья. По внешним признакам 

можно выделить следующие характерные черты: форма, окраска стебля, тип опушения листочков, 

форма соцветия и окраску цветков. На микроскопическом уровне установлены следующие диагности-

ческие признаки: строение проводящих элементов стебля, мелкая ребристость стебля, изолатеральный 

тип листа, тип и особенности размещения устьиц, форма и тип размещения вторичных ксилемных 

элементов корня. Полученные результаты могут использоваться для подтверждения подлинности рас-

тительного сырья и подготовки проекта нормативной документации на сырье данного вида. 

Ключевые слова: Hedysarum gmelinii, морфологическая и анатомическая структура, надземные и под-

земные органы, диагностические признаки. 
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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 m², 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]. 

https://doi.org/10.31489/2026FEB2/199-207
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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 10×20 to 20×70 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 (cop1, 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/m². 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. 

T a b l e  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-

serves, tons 

Potential raw ma-

terial harvest, tons 

Ulytau 

1 225.0 7,010±212 1,577.25 157.0 

2 25.0 6970±340 174.25 14.4 

3 7.1 3688±256 26.18 2.6 

4 5.0 5152±302 25.76 2.6 

Karaganda 

5 5.3 5020±340 26.61 2.7 

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 

 

T a b l e  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 the stand, 

ha 
Yield, kg/ha 

Operational  

reserves, tons 

Potential raw ma-

terial harvest, tons 

Ulytau 1 225.0 285±18 64.13 44.89 

2 25.0 260±31 6.5 4.55 

3 7.1 315±22 2.24 1.56 

4 5.0 220±30 1.1 0.77 
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C o n t i n u a t i o n  o f  T a b l e  2  

Region Key site 
Area of the stand, 

ha 
Yield, kg/ha 

Operational  

reserves, tons 

Potential raw ma-

terial harvest, tons 

Karaganda 

5 5.3 312±25 1.65 1.15 

6 4.8 250±19 1.2 0.84 

7 3.2 234±21 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 (cop1, 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 m². The average height of generative plants is 125.2±6.65 cm. 

The density of generative plants is 0.82±0.06 plants/m². The number of vegetative plants reaches 18.3±1.52 

plants/100 m². 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 m², 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 m², and 

the number of vegetative individuals is 21.3±1.92 individuals/100 m². 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 m², and the number of vegetative individuals is 20.2±1.72 

individuals/100 m². 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 (cop1); 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 m², and the number of vegetative individuals is 5.9±0.07 individuals/100 m².  

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 (cop1) 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 m², and the number of vegetative individuals is 

10.5±0.04 individuals/100 m². 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 cop1. 

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 m², and the number of vegetative individuals is 9.4±0.03 

individuals/100 m². 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 m², 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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С.К. Мухтубаева, A.K. Рамазанов, Д.В. Агеев, М.Б. Такирова, А.Б. Мырзагалиева 

Орталық Қазақстандағы Ferula songarica фитоценотикалық сипаттамасы  

мен ресурстары (Ұлытау және Қарағанды облыстары шегінде) 

Дәрілік өсімдіктердің биологиялық ерекшеліктері мен ресурстық әлеуетін зерттеу қазіргі заманғы бо-

таника мен фармакогнозияның маңызды міндеті. Қазақстан флорасының перспективалы дәрілік 

түрлерінің бірі құрамында биологиялық белсенді қосылыстардың жоғары болуымен және бағалы 

фармакологиялық қасиеттерімен сипатталатын Ferula songarica. Осы зерттеудің мақсаты Орталық 

Қазақстанның табиғи жағдайларында F. songarica популяциясын және өсімдік шикізатының ресурста-

рын анықтау. Далалық зерттеулер 2024-2025 жылдары маршруттық-барлау әдісімен Ұлытау және 

Қарағанды облыстарының аумағында орналасқан сегіз негізгі учаскеде жүргізілді. Жұмыс барысында 

өсімдіктердің өсу тығыздығы, морфометриялық көрсеткіштері, өнімділігі, шикізаттың пайдалану 

қорлары және ықтимал жинау көлемі айқындалды. F. songarica қатысатын табиғи популяциялар 

дарақтардың сирек кеңістікте орналасуымен сипатталатыны айқындалды. Генеративтiк өсiмдiктердiң 

тығыздығы 0,36-дан 6,05 данадан /10 м², ал өсiмдiктердiң биiктiгi 83,06-133,2 см құрайды, Тамыр 

өнiмдiлiгi ауа-құрғақ салмаққа есептегенде 3580-7010 кг/га, жерүстi органдары — 234-315 кг/га 

құрады. Шикізат дайындау үшін жарамды учаскелердің жиынтық ауданы 281,5 га болды. Түбірлердің 

пайдалану қоры 1874,85 тоннаға, шөптер 79,22 тоннаға бағаланды. Ықтимал тамыр жинау көлемі 

183,8 тонна, жерүсті органдары — 55,43 тонна деңгейінде есептелген. Алынған нәтижелер дәрілік 

және парафармацевтикалық заттарды өндіру үшін табиғи жағдайларда F.songarica шикізатын жинау 

мүмкіндігін көрсетеді. 

Кілт сөздер: Ferula songarica, популяциясы, өнімділігі, Орталық Қазақстан, пайдалану қоры, ықтимал 

жинау көлемі, тамыры, биомассасы, дәрілік өсімдік шикізаты. 
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Фитоценотическая характеристика  

и ресурсы Ferula songarica в Центральном Казахстане  

(в пределах Улытауской и Карагандинской областей) 

Изучение биологических особенностей и ресурсного потенциала лекарственных растений является 

важной задачей современной ботаники и фармакогнозии. Одним из перспективных лекарственных 

видов флоры Казахстана является Ferula songarica, характеризующаяся высоким содержанием биоло-

гически активных соединений и ценными фармакологическими свойствами. Целью настоящего ис-

следования являлось выявление популяций F. songarica в природных условиях Центрального Казах-

стана и оценка ресурсов растительного сырья. Полевые исследования проводились в 2024-2025 гг. 

маршрутно-рекогносцировочным методом на восьми ключевых участках, расположенных на террито-

рии Улытауской и Карагандинской областей. В ходе работы определялись плотность произрастания, 

морфометрические показатели растений, урожайность, эксплуатационные запасы сырья и объем воз-

можного сбора. Установлено, что природные популяции с участием F. songarica характеризуются 

разреженным пространственным размещением особей. Плотность генеративных растений варьирует 

от 0,36 до 6,05 экз./10 м², а высота растений составляет 83,06–133,2 см. Урожайность корней в пере-

счете на воздушно-сухой вес составила 3580–7010 кг/га, надземных органов — 234–315 кг/га. Сово-

купная площадь участков, пригодных для заготовки сырья, составила 281,5 га. Эксплуатационный за-

пас корней оценен в 1874,85 тонн, травы — 79,22 тонн. Объем возможного сбора корней рассчитан на 

уровне 183,8 тонн, надземных органов — 55,43 тонн. Полученные результаты показывают возмож-

ность сбора сырья F. songarica в природных условиях для производства лекарственных и парафарма-

цевтических средств. 

Ключевые слова: Ferula songarica, популяция, урожайность, Центральный Казахстан, эксплуатацион-

ный запас, объем возможного сбора, корни, надземная биомасса, лекарственное растительное сырье. 
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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. 

https://doi.org/10.31489/2026FEB2/208-214
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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 of 60, 150, and 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 μm, and on the 

lower side, 1.23 μm (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 mesophyll,  

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 

T a b l e  1  

Dimensions of certain leaf tissues of Sophora japonica 

No. Tissues Parameters 

1 Epidermal cell size, μm  

1.1 Upper side 1.46±0.008 

1.2 Lower side 1.23±0.10 
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C o n t i n u a t i o n  o f  T a b l e  1  

No. Tissues Parameters 

2 Mesophyll thickness, μm 18.69±0.43 

3 Columnar mesophyll  

3.1 Number of rows, pieces 1–2 

3.2 Row thickness, μm 7.78±0.29 

4 Spongy mesophyll  

4.1 Number of rows, pieces 3 

4.2 Row thickness, μm 8.94±0.13 

 

The mesophyll has a thickness of 18.69 μm 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 μm. 

The spongy tissues form up to 3 layers, and the thickness of this zone is 8.94 μm. 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. 

 

 
A      B 

  
C    D 

Figure 4. Surface preparation of Sophora japonica: 

A — epidermis, B — crystalline inclusions along the leaf vein; C — anomocytic stomata, D — trichome 



A.A. Imanbayeva, A.T. Tuyakova, N.I. Duisenova 

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

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 μm (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 μm 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 

T a b l e  2  

Dimensions of some tissues of a one-year-old shoot of Sophora japonica 

No. Tissues Parameters 

1 Epidermis thickness, μm 1.89±0.04 

2 Thickness of the parenchyma layer, μm 16.80 ± 0.72 

3 Diameter of xylem vessels, μm 2.30±0.13 

4 Area of xylem vessels, ×10^
−3mm²

 4.76±0.11 

5 Diameter of heartwood parenchyma cells, μm 4.28±0.53 

 
The phloem layer is thin, while the xylem layer is substantial. The average diameter of xylem vessels is 

2.3 μm, and their area is 4.76 μm². The central part is occupied by loose cells of the medullary parenchyma, 
with a cell diameter of 4.28 μm. 
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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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https://www.unep.org/ru/novosti-i-istorii/press-reliz/izmenenie-klimata-privodit-k-povysheniyu-temperatury-i-silnoy-zasukhe%207
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A.A. Иманбаева, A.T. Туякова, Н.И. Дуйсенова 

Ақтау (Маңғыстау облысы) дақылдарында өсірілген  

Sophora japonica жапырағы мен өркендерінің анатомиялық құрылымы 

Климаттың жаһандық өзгеруі және аридизацияны күшейту жағдайында өсімдіктердің бейімделген 

ассортиментін таңдау қазіргі заманғы ботаникалық ғылымның маңызды міндеті. Жұмыстың мақсаты 

— Ақтау қаласының құрғақ жағдайларына бейімделуді бағалау үшін Sophora japonica жас өскіні мен 

жапырағының анатомиялық құрылымын бағалау. Зерттеу үшін Маңғышлақ эксперименталды 

ботаникалық бағында өсірілген өсімдіктердің үлгілері алынды. Жапырақтары мен өркендері іріктеліп, 

мұздатқыш микротомды қолдана отырып, микроскопия жасалды және анатомиялық құрылымды әрі 

қарай сипаттап, жеке тіндердің параметрлері өлшенді. Нәтижесінде Sophora japonica жапырағының 

жарқырауық типте екендігі, мезофиллдің палисадты және кеуек тәрізді тіндерге анық бөлінуі, 

эпидермисте кутикуланың, бір және көп жасушалы трихомалардың болуы; саңылауы аномоцитарлы 

типке, ал орналасуына қарай жапырақ амфистоматикалық типке жатады. Мезофиллде кальций 

оксалатының көптеген друздері бар, олар негізінен жапырақ тамырлары бойымен оқшауланған. 

Жылдық өркендер қайталама анатомиялық құрылымға ие, хлоренхима мен қабық паренхимасының 

кең аймағына ие. Ксилема элементтері ұсақ. Өркеннің эпидермисінде кутикуланың едәуір қабаты 

және жұмсақ трихомалардың түкті болуы байқалады. Микроскопиялық белгілер кешені түрдің Ақтау 

қаласының құрғақ жағдайларына бейімделуін растайды. 

Кілт сөздер: Sophora japonica, өркен, жапырақ, субтропикалық өсімдік, анатомиялық зерттеу, 

диагностикалық белгілер, аридті климатқа бейімделу. 

 

A.A. Иманбаева, A.T. Туякова, Н.И. Дуйсенова 

Анатомическое строение листа и побега Sophora japonica выращенного в 

культуры в Актау (Мангистауская область) 

Подбор адаптивного ассортимента растений в условиях глобального изменения климата и усиления 

аридизации является важной задачей современной ботанической науки. Цель настоящей работы за-

ключалась в оценке анатомического строения молодого побега и листа Sophora japonica для оценки 

адаптивности к аридным условиям города Актау. Для исследования были взяты образцы растений, 

выращенных в Мангышлакском экспериментальном ботаническом саду. Листья и побеги фиксирова-

ли, выполняли микроскопирование с использованием замораживающего микротома и дальнейшим 

описанием анатомического строения и измерением параметров отдельных тканей. Результаты позво-

лили выявить, что лист Sophora japonica светового типа, с четким делением мезофилла на палисадную 

и губчатую ткани, наличием кутикулы, одно- и многоклеточных трихом на эпидермисе; устьица ано-

моцитного типа, по их размещению — лист амфистоматического типа. В мезофилле присутствуют 

многочисленные друзы оксалата кальция, локализованные преимущественно вдоль жилок листа. Го-

дичные побеги имеют вторичное анатомическое строение, обладают широкой зоной хлоренхимы и 

коровой паренхимы. Ксилемные элементы мелкие. На эпидермисе побега отмечен значительный слой 

кутикулы и присутствие опушения из мягких трихом. Комплекс микроскопических признаков под-

тверждает адаптацию вида к засушливым условиям города Актау. 

Ключевые слова: Sophora japonica, побег, лист, субтропическое растение, анатомическое исследова-

ние, диагностические признаки, адаптация к аридному климату. 
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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). 

 

 

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). 

T a b l e  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, 

glycophyte 

Medicinal, edible, orna-

mental, honey plant 
Very rare 

2 Crataegus altaica Lge. Tree 
Xeromesophyte, 

petrophyte 

Ornamental, honey plant, 

medicinal, edible 
Very rare 

3 
Crataegus ambigua 

C.A. Mey 
Tree, shrub 

Xeromesophyte, 

lithophyte  

Ornamental, honey plant, 

medicinal, edible 
Occasional 

4 
Malus sieversii (Ledeb.) 

M. Roem. 
Tree Mesophyte, lithophyte 

Medicinal, edible, fodder, 

ornamental, honey plant  
Very rare 

5 
Potentilla pedata Willd. ex 

Hornem. 
Perennial Xerophyte, psammophyte  Ornamental, medicinal  Common 

6 Potentilla supina L. 
Annual, 

biennial 
Mesophyte, petrophyte 

Medicinal, forage, orna-

mental, honey plant 
Occasional 

7 Prunus spinosa L.  Shrub Mesophyte, glycophyte 
Medicinal, edible, forage, 

ornamental, honey plant 
Very rare 

8 Rosa canina L. Shrub Mesophyte, glycophyte 
Medicinal, edible, orna-

mental, honey plant 
Very rare 

9 Rosa iliensis Chrshan. Shrub Mesophyte, lithophyte Medicinal, ornamental Very rare 

10 Rosa laxa Retz. Shrub Mesophyte, glycophyte  
Medicinal, edible, 

ornamental 
Occasional 

11 Rubus caesius L.  Shrub Mesophyte, lithophyte 
Medicinal, edible, forage, 

ornamental, honey plant  
Common 

12 Spiraea hypericifolia L.  Shrub 
Xeromesophyte, 

petrophyte  

Medicinal, forage, orna-

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]. 

T a b l e  2  

Medicinal properties of medicinal plants of the Rosaceae family growing in the Mangistau Region 

No. Species 

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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Маңғыстау облысының флорасындағы Rosaceae  

тұқымдасының перспективалы дәрілік өсімдіктерін іздеу 

Қазақстанның өңірлеріндегі дәрілік өсімдіктерді зерттеу дәрілік шикізаттың жаңа көздерін іздеу үшін 

аса маңызды. Маңғыстау облысы дәрілік өсімдіктердің әлеуеті мен шикізат ресурстары тұрғысынан 

Қазақстанда ең аз зерттелген аймақ. Осы зерттеу аясында Rosaceae тұқымдасының өкілдерін дәрілік 

мақсатта қолдану әлеуетін бағалау бойынша зерттеу жүргізілді. Маңғыстау облысының аумағында 
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сегіз тұқымдасқа жататын Rosaceae тұқымдасының он екі түрі анықталды. Анықталған өмір сүру 

формаларына ағаштар (4), бұталар (6), біржылдықтар (1) және көпжылдықтар (1) жатады. 

Экологиялық тұрғыдан түрлер мезофиттерге (7), ксеромезофиттерге (4) және ксерофиттерге (1); суб-

страт түрі бойынша олар псаммофиттерге (1), петрофиттерге (3), литофиттерге (4) және гликофиттер-

ге (4) жатқызылды. Осы тұқымдас өкілдерінің таралуы мынадай түрде жіктеледі: кең таралған — 2, 

сирек кездесетін — 1, өте сирек кездесетін — 6 таксон. Бұл жағдайды тарихи себептер мен өңірдің 

климаттық ерекшеліктерімен түсіндіруге болады. Барлық 12 таксонды әртүрлі ауру топтарын алдын 

алу және емдеу мақсатында медицинада қолдану әлеуеті анықталды. Осы тұқымдастың барлық 

анықталған түрлерін енгізу ұсынылған, себебі шикізат жинауға арналған табиғи қорықтар жоқ. 

Алынған мәліметтер оларды медицинада енгізу мен практикалық қолдану және парафармацевтикалық 

өнімдер өндіру бойынша әрі қарай зерттеулерді жоспарлауға мүмкіндік береді. 

Кілт сөздер: Rosaceae тұқымдасы, дәрілік өсімдіктер, шолу, өмірлік формалар, экологиялық топтар, 

таралуы, медициналық қолдану әлеуеті. 
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Поиск перспективных лекарственных растений семейства Rosaceae  

во флоре Мангистауской области 

Изучение лекарственных растений в регионах Казахстана имеет важное значение для поиска новых 

источников лекарственного сырья. Мангистауская область является наименее изученной территорией 

в Казахстане в отношении потенциала и сырьевых ресурсов лекарственных растений. В рамках дан-

ной работы выполнены исследования по оценке потенциала применения представителей семейства 

Rosaceae в медицинских целях. На территории Мангистауской области выявлено произрастание 12 

видов семейства Rosaceae из 8 родов. Среди жизненных форм выявлены деревья (4), кустарники (6), 

мало- (1) и многолетние (1) травы. По экологии виды были ранжированы на мезофиты (7), ксеромезо-

фиты (4) и ксерофиты (1), по отношению к типу субстрата — на псаммофиты (1), петрофиты (3), ли-

тофиты (4) и гликофиты (4). Распространение представителей данного семейства ранжировано сле-

дующим образом: обычно — 2 таксона, редко — 1, очень редко — 6. Данная ситуация объясняется 

историческими причинами и климатическими особенностями региона. Установлен потенциал приме-

нения всех 12 таксонов в медицинских целях для профилактики и лечения различных групп заболева-

ний. Рекомендуется интродукция всех выявленных видов данного семейства, так как в природных ус-

ловиях отсутствуют запасы для сбора сырья. Полученные данные позволяют планировать дальнейшие 

исследования по введению в интродукцию и практическому применению в медицине и для получения 

парафармацевтических средств. 

Ключевые слова: семейство Rosaceae, лекарственные растения, конспект, жизненные формы, экологи-

ческие группы, степень распространенности, потенциал применения в медицине. 
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